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Introduction

In their introduction to Schedules of Reinforcement, Ferster and

Skinner (1957, p. 2) distinguish between descriptive and theoretical
lines of analysis in the study of reinforcement schedules. The first con-
siders the schedule performance as a dependent variable. This level of
analysis focuses upon the maintenance of stable schedule behavior in
order to derive a precise description of the performance typically gen-
erated by each logical class of scheduling operation. Ferster and
Skinner believe that the more general theoretical analysis is to be ac-
complished by "a closer analysis of the actual contingencies of rein-
forcement prevailing under any given schedule" (1957, p.2). These
writers are confident that this inquiry will "answer the question of why
a given schedule generates a given performance" (1957, p.2). A theo-
retical analysis is therefore concerned with an examination of specific
controlling relations which underlie schedule performance.

In the fifteen years which have elapsed since the publication of

Schedules of Reinforcement, a substantial amount of research has been

directed toward a descriptive analysis of reinforcement schedules. As
a result the rate patterns, which are maintained by the various time and
‘response defined schedules, can be predicted with a relatively high de-
gree of accuracy. In no instance is this predictability more apparent

than in the case of the fixed-ratio (reinforcement for every nth response)



échedule. The familiar break-and-run pattern of responding (a period of |
non-response following reinforcement is terminated by an abrupt transi-
tion to a high and invariant rate of response which persists until the next
reinforcement is delivered) is an almost invariant consequence of the
fixed-ratio procedure. Although most research has utilized a simple re-
sponse class such as a key peck or lever press, similar rate patterns
have been demonstrated when more complex operants are maintained on
fixed-ratio schedules, Ferster (1960) maintained a two~hue matching-
to-sample problem on moderate value fixed-ratio schedules, The over-
all rate pattern was typical of that which would be expected of a simple
key peck. The birds were either pausing or responding at high terminal
rates. Similar data have been observed by Mintz, Mourer and Stein
(1968).

The break-and-run pattern is not, however, the invariant conse-
quence of fixed-ratio reinforcement. When the within-cycle distribution
of response measures, other than simple rate, are examined, a different
picture of fixed-ratio control may emerge. The zero delay matching-to~-
sample procedure employed by Mintz, Mourer and Weinberg (1966) may
be taken as a case in point. TUtilizing a discrete-trials procedure,
these authors maintained a two-hue matching on a FR-9 schedule of re-
inforcement. Pigeons were used as subjects. Responses to the side key

bf'matching hue advanced the ratio by one count and initiated a 350 msec



.delay before the onset of the next trial. Responses to the side key of
contrasting hue delayed the start of the next trial by 6.0 seconds.

Examination of rate measures, whether based on single responses
or the two-response sequence which constituted the match attempt, re-
vealed the usual break-and-run pattern characteristic of FR performance,
By contrast, the probability that a center key response would be followed
by a response to the side key of matching hue was found to increase
systematically across the sequence of unreinforced correct matches
which constituted the ratio., Matching accuracy averaged 79.0% in the
first cycle position and increased systematically to an average terminal
value of 97.0%.

Thus we see that measures of performance beyond simple occur-
rence have permitited the emergence of a response pattern which would
not have been anticipated from simple rate measures. It is important to
emphasize once more that this gradient of accuracy - more reminiscent
of fixed interval (FI) than FR control - is observed in conjunction with
the more typical FR rate pattern.

A similar pattern of matching accuracy has also been observed
by Nevin, Cumming and Berryman (1963). Their procedure differed
from that of Mintz et al. (1966) only in that the problem involved si-
‘multaneous three-hue matching and required a short sequence of re-

sponses (FR-5) rather than a single response to produce the matching



étimuli. After initial CRF training, in which overall accuracy exceeded .
95%, each of the three animals were exposed to fixed-ratio values of
three, six, and ten. Accuracy, which was reduced to chance levels
immediately following reinforcement, increased systematically as the
ratio was counted out. Terminal accuracy at all FR values closely ap-
proximated CRF levels. At completion of the FR-10, all animals were
exposed to a VR-3 contingency. When responding was maintained on
this schedule, the probability of a correct match was not depressed
following reinforcement but maintained a uniformly high level of ac-
curacy throughout the cycle, This suggests that the discriminative
aspects of the schedule may exert substantial influence over within-
cycle responding in the mature performance.

These general findings were subsequently confirmed by Stein
(1968), whose procedure was a direct replication of the zero delay
matching employed by Mintz, et al., and by Zeiler (1968), who em-
ployed a three-hue simultaneous discrimination maintained at fixed-
ratio values from 50 to 150. Both of these investigators report the
characteristic break-and-run fixed-ratio rate pattern,

Notterman and Mintz (1965) report similar findings when re-
sponse force is reinforced on an FR schedule. Within the class of
responses, a sub-class was defined in terms of the emission of a

fixed minimum effort (time integral of force). Force emissions which



| fell short of the criterion were without effect. Examination of within-
cycle response patterns revealed that the relative frequency of responses
meeting the criterion was depressed following reinforcement and increased
progressively over the course of the unreinforced response sequence.
At the time Notterman and Mintz had to entertain the possibility that
their subjects were simply responding in the more vigorous fashion char-
acteristic of extinction, with the increase in frequency of responses
meeting the criterion being merely coincidental., In consideration of
the findings of Mintz et al. (1966) and Nevin et al. (1963), it may be
more reasonable to forego an explanation based upon extinction and
interpret this data as reflecting a more accurate discrimination of the
effort criterion as reinforcement is approached.

Taken as a whole, this data serve to demonstrate the absence
of a pandemic response pattern which is the invariant consequence of
fixed-ratio reinforcement, Depending upon what aspect of the data is
examined, avallable research leaves us with two very different pictures
of the pattern of fixed-ratio control. First, the simple rate data are
reminiscent of a threshold phenomenon in which the transition from mini-
mum to maximum schedule control is completed in the course of the first
few responses., On the other hand, the accuracy data is suggestive of
a generalization gradient of reinforcement probability in which schedule

control increases progressively with each response becoming asymptotic

only in close proximity to reinforcement.
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In contrast to the FR situation, Ferster (1960) has shown that
when matching to sample is maintained on a FI-10 schedule, the accura-
cy data were found to be largely consistent with simple rate data taken
during FI matching. Ferster computed accuracy measures over progres-
sive quarters of the interval and found that with the exception of an in-
consistent first quarter, there is a systematic increase in accuracy
across the final three quarters of the interval. We now see that the
distinctive rate patterns, which are characteristic of both FR and FI
schedules of reinforcement, remain true to type when discriminations
are maintained on these schedules. Notwithstanding the difference be-
tween the ratio and interval schedules, both seem to produce similar
patterns of behavior when relative rate (accuracy) data is examined.

In both cases the accuracy data is found to be suggestive of data typi-
cally occurring when a simple lever press or key peck is reinforced on
a FI schedule, There is no a priori reason to expect a reinforcement
schedule to exert the sarne' pattern of control over all possible response
measures. However, the observation that fixed-ratio and fixed-interval
schedules behave differently in this regard may reflect fundamental dif-
ferences between the stimulus control exerted by each schedule.

Although the effects of a wide range of schedule parameters have
been determined for rate of response, very little research is available

concerning variations in the quality or accuracy of performance produced



‘by these parameters, The data which has just been reviewed suggests
that an examination of within-cycle distributions of both response fre-
quency and accuracy under various reinforcement contingencies might
provide data useful in the exblication of exact mechanisms of schedule
control,

The observation that different response patterns may be main-
tained by the same schedule of reinforcement delivery can be restated
in terms of differential stimulus control of rate and accuracy. At one
level of analysis, it may be sufficient to say that both sets of con-
trolling stimuli and thus both behavioral patterns are the consequence
of the specific reinforcement contingency. However, it would also be
desirable to relate momentary response probability to the immediately
antecedent stimulus conditions and thus account more directly for the
within-cycle response pattern. This may be characterized as an attempt
to generate a causal analysis (cf Zeigler, 1964) of the schedule perform-
ance by isolating antecedent stimulus conditions which can be shown to
be necessary and sufficient for control of the performance in question.

This type of analysis becomes a problem in the typical free op-
erant procedure because momentary changes in the stimulus conditions
confronting the organism are not normally under the experimenters' con-
trol. Controlling relations, other than reinforcement, are typically in-

ferred from performance rather than experimentally demonstrated. This



'is understandable inasmuch as the continuous response sequences
generated by free operant procedures all but preclude an analysis of

the stimulus conditions controlling individual responses. A resolution
of this problem may be approached through the use of a discrete-trials
procedure in which the stimulus situation at each opportunity to respond
is specified in advance., This methodology permits at least partial con-
trol of the stimulus complex immediately antecedent to the emission of
each individual response.

The use of a discrete-trials procedure in the study of reinforce-
ment schedules raises two important problems; both of which are direct
results of the period of enforced non-response which is normally imposed
between trials. Tirst, the absence of true interresponse times precludes
use of the response rate measures which are customary for free respond-
ing. The time between occurrence measure is necessarily translated into
a latency measure: Time from onset of a trial to response. When a dis-
criminated operant (e.g. Nevin, 1967) is employed, accuracy (relatively
frequency) or probability data can also be utilized, but this data may not
exactly replicate the information provided by traditional rate-of-response
measures,

The loss of simple rate data may not, however, be a completely
negative turn of events. It has been suggested elsewhere (Notterman &

Mintz, 1965; Blough, 1965; Ray & Sidman, 1971) that the exclusive



}eliance on rate of response as a dependent variable may place limita-
tions upon the theoretical generality of operant research. Utilizing re-
sponse force as a dependent variable, Notterman and Mintz (1965)
present a series of experiments which suggest that for a wide range of
independent variables, "the dimensional characteristics of the response
may be no less fundamental to the dynamic laws of the operant than rate
of response" (p. 3). One of the logical consequences of this rather ex-
tensive series of experiments is the implication that regardless of the
regularity or predictability of simple rate data, "there are fundamental
theoretical and experimental issues, bearing on schedules of reinforce-~
ment, that demand more information than is provided by 'time-between-
occurrence' measures," (Notterman & Mintz, 1965, p. 3)

Blough (1965) is critical of the unrestricted use of rate in gen-
eralization research. Blough points out that the overall rate is essen~-
tially a "conglomerate" compounded of several subsidiary rates (See
also Blough, 1963), each largely under the control of different stimuli
(i.e. previous response occurrence, stimulus onset, etc.). The ab-
sence of a simple unitary response measure, which can be properly
quantified, is seen as retarding the development of research in the
area of stimulus generalization.

This general argument is extended by Ray and Sidman (1970),
‘who concern themselves with pointing up the distinction between

using reinforcement to maintain rate of response in the presence of a
9



given stimulus, and the problem of establishing and maintaining con-
trolling stimulus-response relations. It is their contention that although
"response rate has proven invaluable for assessing the effects of the
response-reinforcement contingency, rate is not particularly suited ...
to an investigation of the stimulus-response contingency" (p. 190).
Granted the basic importance of occurrence or non-occurrence
of the response, the above work suggests that the loss of simple rate
data may be a perfectly acceptable price to pay for the additional con-
trol over response which is provided by a discrete-trials methodology.
The second problem raised by the discrete-irials procedure is
perhaps the more critical. The research to be presented here will at-
tempt - in part - to explore the determinants of fixed-ratio performance.
The focus of interest is not only upon schedules programmed with fixed
trials. It is hoped that any provisional statements concerning control
in a discrete-trials schedule would also be generalizable to free operant
procedures. Here then is the essence of the problem, The very exist-
ence of a repeating response pattern implies some degree of within-cycle
sequential dependency which acts to modify the character of subsequent
responding. It must be assumed that the stimulus environment provided
by the antecedent response (and/or time-correlated stimuli) constitute

an important part of schedule control.

If these dependencies are destroyed through the introduction of
extended interresponse times, then the essential character (pattern of

10



'control) of the schedule would undergo gross modification, even though
the formal properties of the reinforcement rule were maintained. Re-
search reported by Nevin (1967) may be taken as a case in point, This
investigator reinforced simultaneous discriminations after a fixed num-~
ber of trials or after a fixed number of correct responses (FR-5). The
maximum duration of each trial was fixed at two seconds. If a response
did not occur within this interval, the trial was terminated. All trials
were followed by a six-second intertrial interval. The fixed-trial
procedure may therefore be considered analogous to a fixed-interval
schedule with limited hold. (Nevin, 1967, p. 252) Examination of

the within~cycle response probabilities reveals two important points:
a) both scheduling procedures controlled identical response patterns,
and b) the-co.mmon response pattern was not suggestive of either FR or
FI schedulingl .

The research previously reviewed suggests that a regular (and
presumably discriminable) schedule of reinforcement delivery may ex-
ert substantial control over the pattern of within-cycle accuracy. Both
fixed-ratio and fixed-interval schedules can be described in terms of a

repeating sequential discrimination in which an 8 period is terminated

1. These results are consistent with data obtained in pilot work for the
present experiment, Intertrial intervals of ten seconds were found
to disrupt FR performance. Ratios larger than five could not be reli-
ably maintained, and measures of within-cycle responding did not
suggest the emergence of fixed-ratio control.

11



after a fixed time, or fixed number of responseé ; the subsequent SP con-
dition is then terminated with reinforcement delivery. If this point of
view can be extended beyond the descriptive level, the within-cycle
accuracy patterns maintained by both schedules might be understood as

a joint product of two independent sources of stimulus control: the .dis—
criminative regularities of reinforcement delivery and the exteroceptive
discrimination.

‘An investigation of this proposition can proceed in the same man-
ner as the assessment of any instance of stimulus control. If a stimulus
dimension which controls a performance is changed in value, then the
behavior will change. Thus, if the within-cycle accuracy pattern is
controlled by the regularities of reinforcement delivery, changes in the
distribution of reinforcement (re time or responses) should produce a
concomitant modification of the response pattern. This procedure there-
fore makes a distinction between control by reinforcement per se, and
control by the specific regularities (temporal or otherwise) with which
reinforcement is made available. The influence of the exteroceptive
discrimination can be approached in the same general manner.

The present investigation constitutes an extension and a sys-
tematic replication of those previous investigations which have examined
within-cycle patterns of response accuracy. Simultaneous brightness

discriminations are maintained on FI and FR schedules of reinforcement.

12



Within-cycle effects on both schedules were examined as a function of
both the difficulty of the discrimination (S-/S+ disparity) and the regu-

larity of the maintaining schedule.

13



Method

Subjects

The subjects were eight male Charles Rivers Caesarian derived
rats. The animals were 80-100 days old at the time of arrival at the
laboratory. The animals were housed in individual cages and main-
tained ad libitum on both food and water for a period of three weeks.
Food consisted of Purina Rat Mash. During the final week of this
period, each animal was handled daily for a period of approximately
15-20 minutes. At the end of the three weeks, the animals were
placed on a 23-hour food deprivation schedule. Water was continu-
ously available. Handling was continued for all animals on alternate

days until the start of the experimental procedures,

Apparatus

The experimental environments were two dual-lever rat cham-
bers manufactured by Scientific Prototype Mfg., Co. The 25- x 30- x
20-cm chambers were enclosed in sound attenuating boxes provided
with forced air ventilation and sound masking provided by a Grason
Stadler Model 901B Noise Generator.

The two levers were mounted in the wall at one end of the test
chamber with the top surfaces 4.4 cm above the grid floor. The por-
tion of the levers within the cage was 7.5 cm wide and extended 1.9

cm from the cage wall. A displacement of approximately 0.6 cm and

14



'and a force of 0.08 to 0,12 N was required to effect closure of the nor-
mally open contacts of the microswitches. The inside edges of the two
levers were 7.8 cm apart. A1.9- x 4.4- x 3.6~-cm brass food cup was
centered between the two levers with its top surface at the same eleva-
tion as the top surface of the levers.

Each chamber contained two stimulus displays. As viewed from
the inside, each display appeared as an opaque white circle, 2.5 cm
in diameter, mounted flush with the wall and centered 10.0 cm above
the top surface of each lever. Each stimulus source consisted of a
small two-channel mirror type tachistoscope. FEach channel could
be independently illuminated by a G.E. 24~volt, 6 A tungsten filament
bulb. One channel was fitted with slide holders. Kodak No. 96
Wratten neutral density filte}"s, mounted in Agfa 5- x 5-cm glass slide
mounts, could be inserted to attenuate channel intensity. This arrange-
ment provided an S- stimulus whose intensity could be systematically
manipulated relative to the fixed value S+ stimulus provided by the sec-
ond channel.

The intensity of all four stimuli (S+ and S- for both the right and
left displays) were measured with a Macbeth Illuminometer,

Interval schedules were instrumented by allowing a six-second
recycling timer to advance a stepper at the end of each time period.

:Ihe duration of each cycle, whether fixed or variable, was some mul-

tiple of six seconds. The interval schedules were programmed with an

15



unlimited hold. When the interval had been timed out, the timer was
automatically stopped until a reinforced response occurred, Pro-
gramming the ratio schedules differed only in that a predetermined

class of response advanced the stepper.

Procedure

‘All conditioning sessions were conducted with the subjects
23 hours food deprived. Forty-five mg Noyes rat pellets were used
for reinforcement. Training sessions were conducted six days a week
with each animal being run at approximately the same time of day.
Individual training sessions were continued until the animal had col-
lected 65 reinforcements. Water was continuously available in the
chambers,

Following two weeks of the deprivation regime, tfaining was
initiated by placing a small amount of Purina Rat Mash in the food
cup and introducing the food-deprived animal into the test environ-
ment, One S+ stimulus was illuminated, and the S- channel of the
opposite display was illuminated. A response on the lever immedi-
ately under the S+ stimulus (S+ response) resulted in the automatic
delivery of one 45 mg food pellet, while a response on the lever
immediately under the unilluminated display (S- response) was not
reinforced. S+ responses were followed by a 0.350-second inter=
trial interval, while S~ responses were followed by a 0.600~-second

intertrial interval, During intertrial intervals the stimulus lamps
' 16



1

were not illuminated and all responses restarted the operating timer,
postponing the start of the next trial and insuring a minimum period
of non-response between each trial, The termination of the intertrial
interval started a new trial. The position (right or left) of the positive
stimulus (S+) was selected at random for each trial, with each position
having a 0.50 probability, All animals were allowed to acquire the
lever-press response without further intervention by the experimenter.
When informal observation made it apparent that the average
latency from the onset of a new trial to response had fallen below one
second, the intertrial interval following an S- response was shifted
from 0.6 to 6.0 seconds. All animals were run on the following pro-
cedure: Continuous reinforcement (CRF) for responses to the bar asso-

ciated with S+. This was continued six days a week until the overall

percentage of S+ response (S+ responses) was 0.85 or better for five
All responses
consecutive days. When the CRF criterion had been satisfied, the
animals were moved into the first experimental condition., The overall
experimental design is summarized in Table 1. Following CRF, one
half of the animals (Rats 18, 21, 14 and 15) were placed on a 54-
second fixed-interval schedule (FI-54) of reinforcement with the first
S+ response occurzng after 54 seconds producing reinforcement,
Responses occuring during the interval had effect only in ini-

tiating appropriate time outs. Intertrial interval durations and the

fixed interval durations were timed independently, Therefore, if the
17



TABLE, |

Sequence Of Experimental Conditions
Initial Training and
Continuous Reinforcement
S-/S+:=0
FI-54
s-/5+=0
GrolupA GrolupB Groiupc
Fl- 54 Vi- 54 FR-10
Changes Changes Changes
in in in
S+, S- Schedule S+ §-
Disparity |Regularity Disparity
R RF
S0 Fi- 54 Seaa0
\L s-/s+=0 ‘l
FR-10 FI-54
s-/s+=0 s-/5+=0

Note.—- Stimulus conditions are stated in terms of relative intensity of S-
stimulus. A " 0" ratio indicates an unilluminated S- display.

18



i:‘I-54 were to terminate during an intertrial interval, this condition woulci
override, and reinforcement would become available after the end of the
intertrial interval.

The second group of four animals (Rats 23, 30, 31 and 32) were
placed on a FR schedule with only S+ responses advancing the ratio
count, Every tenth correct response was reinforced. The values of the
intertrial interval for both groups of animals (0.350 seconds for S+ re-
sponses and 6,0 seconds for S- responses) were the same as those in
the CRF condition.

Following exposure to the basic FR and FI schedules, each
group was again divided into two subgroups. In the first subset,

(Table 1, Groups A & C), S+, S- disparity was manipulated by progres-
sively increaéing the brightness of the S-. In the second subset,
(Table 1, Groups B & D), the defining parameters of the schedule were
manipulated by changing the amount of time (interval schedules) or
number of responses (ratio schedules) required before reinforcement
was available. The procedure provided a series of fixed and variable
schedules with the same mean value in which several ranges of varia-
tion were explored.

Changes in S~, S+ disparity. The effects of discrimination

difficulty upon performance in both fixed ratio and fixed interval were
investigated by moving each animal through four additional levels of

S+, S- disparity specified in terms of the relative intensity of the S-
19



‘stimulus. The measured brightness of the S+ and S~ stimuli in each dis~-
criminative condition have been shown in Table 2. The indicated values
represent the means of twenty separate measurements of each stimulus.

After data had been taken at the final level of brightness dispar-
ity, both FR and FI animals were returned to CRF with a S-/S+ ratio of
zero., Training was continued until 85% of all responses were to the S+.
When this criterion had been maintained for three consecutive days, the
two animals previously maintained on a FR were placed on a FI-54 sched-
ule and the FI animals were shifted to a FR of 10.

Changes in schedule reqgularity. The regularity of reinforcement

availability was also varied independently in both interval and ratio
schedules. This procedure involved phasing the FR-10 into a VR-10 and
the FI-54 into a VI-54 by increasing the variability about a constant
mean ratio or interval in three predetermined steps. Within either type
of variable schedule, different ranges of variability around the mean
value were employed. These ranges were 3, 9, or 19 responses for the
VR schedules, and a like number of six-second periods for the VI sched-
ules. Thus, for .the least variable VR-10, reinforcement occurred after
either 9, 10, or 11 correct responses, while on the most variable VR-10,
from 1 to 19 correct responses might be required for reinforcement. On
the most variable VI-54 schedules, from 1 to 19 six~second periods
might elapse before reinforcement eligibility was established. With all

of the variable schedules, equal probability of reinforcement was main-

20



TABLE 2

Discrimination Ratios

Btightness (candie/m?)
Discriminotion

condifions" Ratio Animal Interval Animal

S + S- [S~/S+| S+ | S- |s-/54+

i 46.0 | 0.0 .00 5.0 | 0.0 .00

2 473 | I.7 .04 51.6 | 2.0 .04
3 425 | 7.2 A7 578 | 8.8 45
4q 445|150 .33 472 | 13.3 | .28
5 4.5 | 268 | .64 | 455 | 28.0 | .61

a ‘
In order of presentation.
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“tained across the range of variation. Table 3 shows the scheme of these
schedules along with the percentage of reinforcement which became
available at all schedule locations. For convenience of schedule spe-
cification, each schedule is identified by the average deviation (AD) of
programmed reinforcements relative to either time or responses.

The criterion for stable performance in all experimental condi-
tions was as follows: First, a minimum number of training days were
required. Beyond the specified minimum, performance was considered
stable when there was no identifiable2 trend in the percent of S+ re-
sponses. When FI schedules were employed, a similar criterion for
stability was imposed on the mean number of responses in each FI
cycle. When both criteria had been satisfied, performance was con-
sidered stable and final data was taken over a period of five additional
days. In all experimental conditions, the first 15 cycles occurring on
each of the five days was dropped from the data analysis. The total
data sample was therefore 250 cycles, 50 cycles per day for five days.

The minimum number of training days required for each experi-
mental condition, along with the actual number of training days for each

condition, is shown in Table 4 for animals for which the discriminative

2. The procedure involved visual inspection of the data rather than sta-
tistical comparison with a predetermined criterion. If the sign of
the difference between a 5-day moving average and the daily percent
correct appeared to be randomly distributed over the final six days,
then the data was accepted as stable.

22



TABLE 3

Specification Of Variable Schedules

thGSec. .

Time Period Percentage of Reinforcements
nth S+ : First |Second [(Third
Fixed Variable Variable | Variable
Response || Schedules |Schedule | Schedule | Schedule
[ 5.0

2 5.3

3 5.3

4 5.3

5 5.3

6 (. 5.3

7 It 5.3

8 e 5.3

9 33.3 (N 5.3

10 100 33.4 Pl 5.2

i1 33.3 (. 5.3

1’2 1.l 5.3

13 oLt 5.3

| 4 (N 5.3

) 5.3

[ 6 5.3
17 5.3

| 8 5.3

. | 9 5.0

Average Deviation

in Responses 0 .67 2.2 4.7
in Seconds 0 4.0 13.2 28.2
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;:ondition wag varied, and in Table 5 for those animals subjected to
changes in schedule variability.

Data analysis of the interval schedules included measures of
performance in each successive six-second segment of the interval.
Analysis of the ratio schedules was based upon successive positions
in the response sequence. The first ratio position, for example, in-
cludes data from all measured behavior occurring from the previous re-
inforcement up to and including the first S+ response. Similarly, the
second position includes all measurements taken after the termination
of the first S+ response up to and including the second S+ response.

Data was taken separately for each response on a Presin print-
ing counter., The following data was obtained under all experimental
conditions,

Cumulative Response Latency. The time between the

termination of any time out and the response. The data is
cumulative for all responses (S+ or S-) over the complete
cycle. The initial latency of each cycle is measured from
the termination of the 350 msec which followed reinforcement,
the reinforced response necéssarily being an S+ response.

Response Identification. The identification of the

response as having been on the lever associated with the S+

or the S-.
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TABLE 4

Days of Training for Animals Exposed to Chonges in S+, S-

Disparity

pescrimi- Number of Training Days
Schedule notion —
condition Ratio M'"'"}”m ACTUuAL
S- /S+ Required "0 ot 189 [ Rat 219 | Rat 2 3%| Rat 30°
CRF .000 None 15 | 8 22 | 7
FI-FR .000 20 30 36 32 27
FI-FR .060 | O { 6 | & | 6 | 5
FI -FR 160 | O | 7 i 6 I 9 | 9
Fi -FR 310 10 I 9 I 8 | 5 I 7
FI -FR .625 e (. I O I 2 I 4
CRF .000 5 5 10 | 2 | 8
. FR-F1 .000 20 26 I 8 31 2 4

a
Fixed interval Animals.

Fixed Ratio Animals .
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TABLE 5

Days of Training for Animals Exposed to Changes
in Schedule Regularity ’ ‘

] Number of Training Days
Schedule
P4 Actual
Condition Required
Rat 149 | Rat 159 | Rat 3iP | Rat 32P

CRF None 26 28 {6 |7
Fi-FR 20 2 8 25 20 2 9
First Variable

Schedule 15 | 9 2 2 26 i 8
Second Variable

Schedule 15 1 7 1 & 17 2 3
Third Vvariable

Schedule 5 22 21 21 | 6
Fl-FR {5 2 | 2 0 2 2 1 4

Note.— s-/s+ = O for all data.

9 nterval

Animals.

b Ratio Animals.
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Response Position. In FR, the identification of the

serial position of the response within the series of unreinforced
responses which constitute the ratio. In FI, the identification
of the response as occurring within any given six-second part
of the interval,

Reinforcement. The identification of a response as

having been reinforced or not,
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Results

The Ratio Schedules

Baseline Performance (Rats 23, 30, 31 and 32)

3 which

The cumulative median latency of the ten responses
constitute the ratio are shown in Figure 1. The curves are median
representations of the 250 individual fixed—rati§ cyclés, which were
derived from the final five days of initial FR training. The medians
were plotted as a function of schedule "time in", in which zero time
started at the end of the 0.350-second time out which followed the
preceding reinforced response. In this condition, S-/S+ was zero,
indicating maximum stimulus disparity.

For three of the four animals (Rats 23, 31 and 32), the initial

response latency was of short duration. This was followed by the

3. These curves reflect only correct responses, Error (S-) latencies
were deleted to preserve a uniform 10-step ratio. It is impor-
tant to note that inclusion of the small population of S- latencies
would not produce noticeable changes in the plotted medians.
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Figure 1. The cumulative median latency for each of the ten S+
responses which constitute the fixed ratio. The curves effectively
provide a median cumulative response record expressed as a single

~ fixed-ratio cycle. S-/S+ =0, and AD = 0 for all four animals.
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»

longest median latency which occurred between the first and second re-
sponses. For Rat 30, the first and longest response latencies were
coincident. Starting with the second response, however, al.l four.sub—
jects showed rapid transition to a relatively high rate. The final eight
responses were completed in from 7,0 to 11,0 seconds,

Within-cycle accuracy for progressive thirds of the ratio was

shown in Fig. 2 for the four animals exposed to the ratio contingency.

Here the proportion [ St responses | of correct (S+) responding was
All responses

plotted as a function of thirds of the ratio. The sample was again 250
cycles for each subject. The first data point ( Cycle Positions 1 to 3)
for each animal was therefore derived from a population of 750 correct
responses plus the sum of all error responses which occurred prior to
the third correct response. The initial shift from CRF (S-/S+ = 0) to
the first FR schedule (S-/S+ = 0) produced a small (about 10%) overall
accuracy decrement for all four subjects., For three of the four animals,
there was alsc a small but regular accuracy decrement across progres-
sive thirds of the ratio, This decline in accuracy was not large in ab-
solute terms, but it was statistically reliable beyond the .01 level of
confidence.q For Rat 23, there were no identifiable within-cycle

changes.

4, Chi square one sample test; df = 2, 'X;’L= 12.9, 43.6 and 50.3
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Figure 2., Percentage of S+ response as a function of progressive
thirds of the fixed ratio. Overall proportion of S+ response under the

CRF condition is shown on the left, S-/S+ = 0 for all data.
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Although the expected within-cycle accuracy pattern was not
observed, a substantial relation between accuracy of the first response
of a cycle and the latency of that response was evident. The relative
frequency of S+ responses S_f.t§—>for the population of first responses

, S-
after reinforcement has been shown in Figure 3 as a function of the time
since the previous reinforced response. Correct and error frequencies
were summed over all 250 cycles, and percent correct figures were de-
rived from these totals. The relative frequency.of post-reinforcement
pauses terminated by an S+ response was an increasing, negatively
accelerating function of latency.

For three of the four animals (Rats 23, 30 and 32), the initial
18 seconds after reinforcement were associated with an accuracy decre~
ment which reduced the percentage of S+ responding substantially below
the level maintained under CRF., At longer latencies, the situation has
reversed itself. Not only has CRF accuracy been exceeded, but for
the three animals under consideration, there was no S~ responding at
all. It is evident that the exclusive S+ responding observed at laten-
cies in excess of 36 seconds was based upon a very small sample. In
point of fact, this response class contained somewhat fewer than 30

occurrences, for all three animals., However, this does not appear to

be due to chance: The temporal properties of the schedules have

5, For Rat 23, n= 23; Rat 30, n= 12; Rat 32, n=6.
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Figure 3. Proportion of first responses occurring to the S+ as a
function of latency. The data are for the FR-10, with S-/S+ = 0,
Proportion of total responses occurring to the S+ during CRF is

shown as a single unconnected point at the left.
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éxerted sufficient control over S+ responding to permit the appearance
of accuracy levels substantially greater than those observed under CRF.
The data for Rat 31 are in only partial conformity with this trend. The
inverted U function suggests maximum accuracy at a temporal location
which is coincident with initiation of the uninterrupted response se-

quence (cf. Figure 1).

Changes in Discrimination Ratio (Rats 23 and 30)

Changes in the overall percentage of S+ responding which were
induced by the several values of S-, S+ disparity were shown in
Table 6. A systematic decrease in accuracy was apparent for both
animals. These changes in overall accuracy were nbt, however, accom-
panied by modification of the within-cycle accuracy pattern (Figure 4).
The functions displaced uniformly downward and were without distinct
within-cycle changes. As in Figure 2, there was a tendency toward
lowered accuracy in the final portions of the cycle, In six of the ten
functions shown, the percentage of S+ responding was greater in the
first third of the cycle than in the last, but the differences were typi-
cally quite small. Sharply articulated accuracy of first response func-
tions (Figure 5) of the type obseryved in the basic ratio schedules were
maintained, even though changes in the S-/S+ ratio reduced overall
‘accuracy to near chance levels, Differential effects related to changes

in discrimination ratio appeared primarily for the shorter latencies,
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TABLE 6

Proportion of Total FR Responses Made to the
~Lever Associated with the S+ as a Funclion of

Discrimination Ratio

S-/Se Percent S+ Response
Rat 23 Rat 30
o .89 95
.04 .83 .79
A7 .83 .70
.33 73 .58
.64 .62 .49

a
indicates unilluminated S-disploy.
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Figure 4. Proportion of total responses to the S+ as a function of
successive thirds of the FR-10 for all five values of S-/S+. Data
for the final ratio position is shown as a disconnected point at the

right,
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Figure 5. Proportion of total first responses to the lever associated
with the S+ as a function of latency. The data are for the FR~10
schedule at all five values of S-/S+. Vacant data points (for example,
Rat 30, S-/S+ = .64) indicate an absence of responding at that temporal

location.
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‘while latencies in excess of 36 seconds were correlated with almqst
perfect accuracy at all but the greatest S-/S+ values. Of course, these
populations of long latency responses were quite small, comprising an
average of 8 occurrences per S~/S+ value for Rat 30, and 20 occurrences
per S-/S+ value for Rat 23. However, the reliably accurate behavior
with long latency was clearly distinct from shorter latency responding.
Post-reinforcement pause duration showed no systematic relationship to
the discrimination ratio. This population of median latencies has been
summarized in Table 7. In all cases, the medians were derived direct-

ly from the total population of latencies.

Changes in Schedule Variability (Rats 31 and 32)

The overall percentage of S+ responding maintained by the sev-
e;al levels of ratio schedule variability was shown in Table 8. Rat 31
showed a slight tendency toward reduced accuracy with increased sched-
ule variability, Each increase in AD was accompanied by a uniform 2%
decrease in accuracy. The data for Rat 32 showed accuracy changes
as large as 5% between experimental conditions, but there was no dis-
cernible relationship between schedule variability and accuracy. It is
evident that ratio schedule variation did not exert meaningful control
over percent of S+ responding.

The median first response latency (post-reinforcement pause)

characteristic of each fixed- and variable-ratio performance was shown

43



TABLE 7

Median FR Postrienforcement Pause as a Function of Discrimination

Ratio

Median Postreinforcement
Pause (Seconds)
S- /7S¢
Rat 23 Rat 30
0° 1.5 4.0
.04 3.5 { .5
A7 21 .5 2.5
.33 20 .0 Il .5
,64 4.0 I .5

a
Indicates an Unillumingted S-

Display.
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TABLE 8
Proportion of Total Responses to The Lever Associated

With the S+ asa Function of Ratio Schedule Deviotion

Percent S+Response
Average ~
Deviation || mat 31 | Rat 32
o° .83 .84
.67 .81 88
2.20 79 89
4.70 77 .84

Note.- $S—/S+ =0 for all data.

0Fixed ratio.
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vin Table 9. It is clear that changes in AD acted to modify the uniformly
short pauses only at the schedule of greatest variability. The small
differences between the fixed-ratio (AD = 0) figures and analogous data
from Figure 1 resulted from the inclusion of S- responding in the tabled
medians.

In Figure 6, the relative frequency of S+ response was shown as
a function <of cycle position for the three variable schedules. The basic
fixed-ratio (AD = 0) accuracy data was reproduced for comparison. The
cycle position makes reference to all responding made to advance the
ratio a single step. For example, the third cycle position would include
the third correct response plus any error responding intervening between
the second and third correct response. FEach panel in Figure 6 reflects
the combined performance for five days under that particular experimen-

tal condition. Percent of S+ responding (g_ﬁt.—) was derived from
total frequencies. It should be noted that th'e number of observations
systematically decreased across cycle positions for the variable sched~
ules. For each schedule 250 observations were involved for Position 1
of the ratio. The smallest sample was 12 for the final position of the
ratio of greatest y’ariability (Position 19, VR-10, AD = 4.7). The N for
all positions of each schedule may be derived with reference to Table 3,

The small decline in percentage of S+ responses as the ratio was

counted out has been previously noted. The data for Rat 31 were some—

what less clear-cut than that for Rat 32, but the general effect was
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TABLE 9

Median Postreinforcement Pause as a Function of
Average Deviation of the Raotio Schedule

Median Postreinforcement
Average Pause (Seconds)
Deviation || Rat 3| Rat 32
[¢]

0] 2.0 1.5
67 2.0 .5
2.20 2.0 1.5
4 .70 1.0 0.5

a
Fixed Ratio.
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Figure 6. Proportion of total responses to the S+ as a function of
ratio cycle position for the fixed value schedule as well as the three

VR schedules. S-/S+ = 0 for all data.
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;:onsistent with previous FR accuracy patterns (Figure 2). For the three
variable ratio schedules, Rat 31 continued to show a slight tendency for
the curve to fall off as the ratio was counted out, while the curves for
Rat 32 remained essentially flat throughout.

The accuracy of responding which terminated the post-
reinforcement pause has been shown as a function of latency in
Figure 7. This figure reproduced the initial FR data (Figure 3) along
with the data for the three variable ratio schedules. For Rat 32, the
accuracy functions first observed in the basic FR data did not exhibit
systematic modification as AD was increased. The inverted U-shaped
curve obtained in the FR condition for Rat 31 appeared to have under-
gone progressive modification toward the typical increasing negatively
accelerating function produced by the schedule of intermediate varia~
bility (AD = 2.2). For both animals, the reduced number of data points
for the schedule of greatest variability (AD = 4,7) reflected the reduced
PRP duration previously noted in Table 9. After exposure to the schedule
of greatest variability, Rats 31 and 32 were returned to the basic FR
schedule, This redetermination produced data which were in all major
respects identical to that observed initially.

In summary. Changes in discrimination ratio and schedule varia-

bility have not produced substantive changes in the distribution of
within-cycle S+ responding. In both cases the data are wholly predictable

from an examination of the basic FR (S-/S+ = 0, AD = 0) response pattern.
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Figure 7. The proportion of total first responses to the lever associated
with the S+ is shown as a function of latency for the FR-10 (AD = 0) as
well as for the three VR schedules. Vacant data points indicate an

absence of responding at that temporal location. S-/S+ = 0 for all data.
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Strong schedule control over local accuracy was, however, show;n
in the relation between the latency and accuracy of the first response.
At temporal locations remote from the preceding reinforcement, schedule
control was strong enough to maintain accuracy at ievels above CRF
values. This strong temporal control was not disrupted by changes in
schedule variability or — more importantly ~ changes in the discrimina~

tion ratio.
The Interval Schedules

Baseline Performance {Rats 14, 15, 18 and 21)

The pattern of responding produced by the FI schedule has been
shown in Figure 8, These data represent the final five days' perform-~
ance under this condition during which a total of 250 FI cycles were
observed for each animal. The curves show the percentage of total re-
sponses occurring in each successive six-second segment of the 54-
second interval. There was considerable similarity in the general
shape of the curves for all four subjects. Three of the four exhibited
relatively high response percentages within the first six seconds; in
the most extreme case (Rat 14), 17.5 percent of all responses occurred
during this period. After this initial "burst" of responding, the percent-
age of responses for all subjects decreased sharply in the subsequent
’six-second period and then increased systematically across the inter-

val. Between 26.0 percent (Rat 14) and 35.0 percent (Rat 18) of all
53



Figure 8. Percentage of total responses (S+ and S-) occurring in

each six-second segment of the fixed~interval schedule. The curves
effectively provide an average response record expressed as a single
fixed-interval cycle. Responses which occurred during reinforcement
availability are shown as unconnected points on the right. | S-/S+ =0

for all data.
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responding occurred in the six seconds prior to reinforcement eligibility.
Inasmuch as the duration of this period was dependent upon the latency
of the first S+ response, data for the period of reinforcement eligibility
(in excess of 54 seconds) has been shown as an unconnected point on
the right, All other points were plotted for periods of equal duration,

The likelihood that a given response would be to the lever asso~
ciated with the S+ stimulus was found to vary systematically with time
of occurrence within the 54-second fixed interval. The percentage of
S+ responding occurring in each third of the basic FI schedule has been
shown in Figure 9. Accuracy during the period of reinforcement eligi-
bility was shown as an unconnected point on the right. The data
demonstrated a systematic increase in relative frequency of S+ re-
sponding across successive thirds of the interval. The slight rever—
sal which occurred in the final third of the interval for Rat 15 does
not substantially contradict the general pattern., When compared
with CRF accuracy levels, it was evident that this schedule-induced
gradient resulted primarily from a sharp reduction in accuracy in ap-
proximately the first 18 seconds of the interval. Accuracy levels
attained after 36 seconds were equal to or slightly exceeded those
attained during CRF.

The likelihood that the first response of the FI cycle will be

to the S+ has been shown as a function of latency in Figure 10. These

data for the population of first responses were, in most important
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Figure 9. Proportion of total responses to the lever associated with
the S+ as a function of successive thirds of the fixed interval. Data
from periods of reinforcement availability are shown as unconnected
points on the right. The proportion of total S+ responses occurring
during CRF training is shown as an open circle at the left. S-/S+ =10

for all data.
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Figure 10. Proportion of total first responses to the lever associated
with the S+ as a function of latency. The data are for the fixed-
interval schedule with S~/S+ = 0. Data from the CRF condition is

shown as an unconnected point on the left.
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;'espects, quite similar to those gradients based upon total responding.
Unlike the gradients based upon total responding, first response laten-—
cies above 36 seconds have supported accuracy levels which are reli-
ably in excess of CRF values. This was essentially the same schedule
enhancement of CRF accuracy observed in the basic fixed-ratio sched-
ules (Figure 3).

The frequency data from which these first response accuracy
functions were derived are shown in Figure 11. The percentage dis-
tribution of the 250 1atenc;es (S+ and S-) which terminated the interval
pause demonstrated the tendency for the fixed-interval schedule to
divide the distribution of first responses into two distinct latency popu-
lations. The first, a population of short latencies peaking in the initial
two seconds of the interval, was associated with accuracy levels which
closely approached chance values. The second peaked from 6 to 18 sec-
onds prior to the period of reinforcement availability and was associated

with very high response accuracy.

Changes in Discrimination Ratio (Rats 18 and 21)

Changes in the overall percentage of S+ responding which were
induced by the several values of S-, S+ disparity were shown in
Table 10. Frequency data were summed over the complete sample of 250
cycles, and the relative frequency of S+ responding derived from these

totals. With the exception of a single reversal in the data for Rat 21,
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Figure 11, Percentage of total first responses distributed as a function

of latency for the four fixed-interval animals., S-/S+ = 0 for all data.

62



Ac - =~ -2 RAT-14
P e — e RAT"S

e RAT- 18
Q————0 RAT-2|

s
——
—
— -
— — -
—

80
70

60L

S3ISNOdS3¥ 1Syld VIOl J4O LN3JN¥3d

10}

63

39 45 &I 57

21 27 33
LATENCY (Seconds)

15

63



TABLE 10

Proportion of Total Fixed Interval Responses to the Lever

Associated With the S+ os a Function of Discriminotion Ratio

S- /S+ Percent S+ Response
(Ft.Candles)
Rat I8 Rat 21
o’ .90 .85
.04 .85 .79
.15 .75 .82
.28 .69 .66
.61 .56 .52

Q
indicaotes Unilluminated S- Display.
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‘(S—/S+ = ,15), the data showed a systematic reduction in proportion of
S+ responding as the discrimination ratio was increased.

The within-cycle accuracy changes which resulted from reduced
S-, S+ disparity (Figure 12) seem to be independent of temporal location
within the interval, As the disparity became smaller, there was a sys-
tematic and relatively uniform downward displacement of the error gradi-
ents. The within-cycle changes continued to be consistent with the
tendency toward more accurate discrimination later in the cycle. This
displacement was less pronounced in the case of Rat 18, but its regu-
larity for both animals was apparent. It should be noted that the single
exception to this parametric displacement of the accuracy gradient oc-
curred at the third value of the discrimination ratio, (S-/S+ = .15) for
Rat 21. This discrepancy reflects the higher overall percentage of S+
responding previously noted in Table 10. The data points associated
with responses occurring after 54 seconds have been shown as uncon-
nected points to the right, The overall percent of S+ responding during
CRF was shown as a single disconnected point (labeled CRF) at the upper
left of each panel.

The displacement of the accuracy gradients can be more readily
conceptualized by reference to Figure 13. Here the local accuracy
which prevailed in each third of the interval has been plotted as a func-
i:ion of the overall percent correct controlled by the various values of

the discrimination ratio., The data for Rat 18 were representative of the
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Figure 12. Proportion of total responses to the S+ as a function of
successive 18-second portions of the fixed interval for all five values
of the discrimination ratio, Data for the CRF condition is shown as an

unconnected point at the left. AD = 0 for all data.
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Figure 13. Proportion of responses to the S+ in each third of the fixed
interval is shown as a function of the overall accuracy maintained by

the five values of the discrimination ratio., Data are for Rat 18 only.
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data for both animals. The ’approximately linear relationship between
local accuracy and overall accuracy was apparent for all three functions,
In what might otherwise be considered a random or uncontrolled perform-
ance, the regularity of the "first third" data was of particular interest.
The relative slopes of the functions indicate that the rate of accuracy
change in the first third of the interval was only slightly less than that
occurring in the final two thirds of the interval.

Within the limits of the present experiment, the data demon-
strate a general independence between the slope of the within-cycle
accuracy function, and the overall level of accuracy. Local accuracy
within each third of the interval was uniformly reduced, while accuracy
differences between temporal thirds of the interval were maintained with-

out regard to S-/S+ value.

Changes in Schedule Variability (Rats 14 and 15)

Response rate data resulting from changes in the variability
(average deviation - AD) of the interval schedules has been shown in
Figure 14 for Rat 14, and in Figure 15 for Rat 15. The curves show the
mean number of responses (S+ and S-) which occurred in successive
six-second portions of each interval cycle., Total responding was aver-
aged over a sample of time periods whose number progressively decreased
through that portion of the interval in which probability of reinforcement

was greater than zero. Responses occurring within any time interval in
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Figure 14. Mean number of responses occurring in successive six-
second portions of both the fixed and variable interval schedules.
Responses which occurred during periods of reinforcement availability

have been deleted. The data are for Rat 14 only. S-/S+ = 0 for all data.

71



cae? t

RESPONSES

MEAN

3.0

2.54

RAT- 14

/ '
el
c’
AD
— O
o---0 4.0
+—+ 13.2 A
A-—--A 28.2 +—F N,
[
-0 rooN
o 'I ‘A
” ,’A\\A\ ’l ‘\
~ A Y
4 r -\ br-—A\
I’ \‘
, A
/I
e “A ’4‘ :

3 & : 3 & i L 3 I ' I r Py e
v

v v T v Y ’ v -

33 3'9 4'5 51 57 83
TIME (Seconds)

69 75 8t 87 93 99 105



Figure 15. Mean number of responses occurring in successive six-

second portions of both the fixed and variable interval schedules.

Responses which occurred during periods of reinforcement availability

have been deleted. The data are for Rat 15 only.

73

S-/S+ = 0 for all data.



wL

RESPONSES

MEAN

3.0,

2.0

1.5

.04

O

RAT - 15

A A
’ \ ,/ s
o) a - N /
i - A7 i { A
A"\\ AN N, - -
0
AD
(o)
O—--0 4.0
+— 13.8
D——A 28.2
5} 57 63 69 75 8l 87 93 99 105

(Seconds)



v'vhich reinforcement was available have been dropped from the data
shown in these figures, This was done because reinforcement necessar-
ily terminated the intervél at the time of the reinforced response. For
both animals we see, in the zero variance condition (FI), the occurrence
of the same scallop pattern previously noted in Figure 8. At locations
below 54 seconds, changes in AD have produced only minor distortions
in the previously established scallop.

The schedule of greatest variability for Rat 14 was the only in-
stance in which the scallop pattern did not appear. There was some
tendency for the more variant schedules to engender higher mean values.
This was particularly apparent in the data for Rat 15. At temporal loca-
tions beyond 54 seconds, the data disblayed two different response
patterns. For Rat 15, mean responses peaked at approximately the 36th
second, and then showed a tendency to decline as the interval was
timed out. This was consistent with the final schedule for Rat 14, but
not with the less variable schedules for the same animal, in which ter-
minal rates were maintained to reinforcement.

The overall percentage of S+ responding maintained by the sev-
eral levels of schedule variability were shown in% 11. Data for
both animals concurred in demonstrating that accuracy is not controlled
by changes in the AD of the schedule.

The within-cycle accuracy functions generated by the various

interval schedules were shown in Figure 16. Taken as a whole, the
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TABLE I "

Proportion of Totol Responses to the Lever Associated With the

S+ as a Function of Schedule Deviation for the Interval
Schedules

Percent S+ Response
Average
Deviation Rat 14 Rat 15
a
(o) T7 84
4.0 .78 .83
13.2 77 .86
28.2 72 .82

a Fixed [ntervol
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Figure 16. Proportion of total responses to the lever associated with
the S+ as a function of successive 18-second portions of both the
fixed and variable interval schedules. Responses which occurred
during periods of reinforcement availability have been deleted. Data
are shown separately for Rat 15' (upper panel) and Rat _14 (lower panel).

S-/S+ = 0 for all data.
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'most notable aspect of this data was the apparent insensitivity of the
accuracy distributions to changes in the temporal distribution of rein-
forcement availability. For Rat 15, the advent of the least variable
schedule (AD = 4,0) resulted in a slight flattening of the gradient,
brought about primarily by an increase in S+ responding in the initial
third of the cycle. Further increases in schedule variability did not
produce further modification of this general shaped function. In the
case of Rat 14, the only change was a slight flattening of the gradient
at the most variable schedule (AD = 28.8). The VI schedules of the
present study showed many rate-of-response features characteristic
of fixed interval. The persistence of the FI scallop probably relates
to the well-established FI performance that preceded changes to the
VI contingencies. The discrimination data should be evaluated with
respect to this persistence of FI-like performance,

Subsequent to the three VI schedules, Rats 14 and 15 were
returned to FI-54 seconds under conditions identical to their initial
exposure to that contingency. Although this recovery procedure pro-
duced response rates which were higher than those observed on the
first exposure, the distribution of responses within the cycle and the
probability of S+ responding were almost identical under both conditions.

Both FR and FI schedules were found to control a systematic in-
crease in first response accuracy as a function of latency. In contrast

with the FR, the interval performance was characterized by within-cycle
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éccuracy gradients which were almost point-for-point replications of
the first response data. Both accuracy gradients resulted primarily from
a reduction in local accuracy in the early portions of the interval.

The articulation of the accuracy gradients was not substantially
affected by manipulation of the discrimination index. Accuracy was re-
duced uniformly in each third of the interval. Manipulation of the aver-

age deviation of the interval was without substantial effect.

Recovery Data

After the phase of the experiment concerned with brightness dis-
crimination was completed, Rats 18, 21, 23 and 30 were again exposed
to CRF (see Table 1). Subsequently, the FR animals (Rats 23 and 30)
were placed on a FI and the FI animals (Rats 18 and 21) were placed on
FR,

Within-cycle changes in the relative frequency of response to
the S+ has been shown in Figure 17 for all four animals. Although the
influence of the previous schedule was suggested for both FI (left panel)
and FR (right panel) schedules, the patterns distinguishing ratio and in-
terval schedules were apparent, A slight gradient remained in the FR
data, while in the FI data the relative frequency of an S+ response in
the first 18 seconds was strongly depressed from the levels shown by
these subjects when reinforced on FR. The reversal between the second

and third 18-second periods differed from the performance of animals
initially trained on FI.
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Figure 17, Proportion of responses to the S+ for fixed interval following
extended fixed-ratio training (left panel) and fixed ratio following ex-
tended fixed-interval training (right panel) shown as a function of suc~

cessive thirds of the schedule. S-/S+ = 0 and AD = 0 for all data.
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Discussion

Baseline Performance

The basic fixed-ratio and fixed-interval schedules used in this
research are operationalized in a manner which is sufficiently different
from standard free operant procedures to warrant comparison of simple
rate data obtained under the present procedures with data reported when
more conventional schedule specification is utilized.

In the fixed-ratio case, the presence of an extended period of
non-response terminating in an abrupt transition to a high constant
rate appears to be in overall conformity to the typical fixed-ratio behév-
ior., The overall response pattern does not appear to fall outside the
range of variation to be expected of data from more ¢onventional fixed-
ratio procedures (Ferster & Skinner, 1957). The average 1.0-second
response latencies (from stimulus onset to response) maintained by the
present FR schedules may be compared with the 0.4~ to 0.8-second
interresponse times which Blough (1963) has found to be characteristic
of free operant FR performance when pigeons are used as subjects.
Considering the somewhat lower free operant rates to be expected from
rats, the 0.2~ to 0.4-second differences between Blough's free oper-
'ant pigeon data and the present rat data seem fairly small., It is pos-
.sible that these small differences are - in part - a product of the inter—

trial interval, but there is certainly no reason to suspect that the
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.overall cohesiveness of the response sequence has been significantly
disrupted by the discrete-trials procedure.

In the case of the FI animals, the systematic acceleration of
responding observed in the present experiment is characteristic of the
"scallop" pattern which most investigators, (Fry, Kelleher & Cook,
1960; Gollub, 1964; Dews, 1962), report as characteristic of well-
established fixed-interval performance.

Insofar as similar rate patterns evidence similar stimulus con-
trol, the scheduling operations used in the present experiment exert
control over response frequency which is equivalent to more traditional

free operant procedures.

Fixed Ratio

The present study has shown nearly perfect accuracy for re-
sponses which terminate extended post-reinforcement pauses. This
gradient of greater accuracy with longer pausing seems to imply joint
control of the response by the exteroceptive discrimination and stimuli
related to the temporal aspects of the schedule.

The general effect is reminiscent of a study reported by Miller
and Ackley (1970) in which a light and tone were alternately correlated
with responding maintained by a FI schedule. Comparison of response
rates in the presence of the individual stimuli and their compound re-

vealed that the compound stimulus-controlled rates which could be
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-described in terms of simple summation of the component rates. This
was observed for all temporal locations within the interval. These data
replicate the results obtained by Wolf (1963), who employed a similar
experimental paradigm but tested for stimulus control by both sD's and
their compound during extinction, The strength of stimulus control which
accompanies temporal extension of the pause is suggested by the obser-
vation that accuracy at pause durations in excess of 36 seconds is ap-
proximately the same for the several levels of discrimination difficulty.
Shorter pauses, however, showed an accuracy hierarchy related to the
brightness disparity. The occurrence of this latency-accuracy relation-
ship under conditions which seem to preclude response mediation sug-
gests a strong temporal control over the onset of responding, with the
probability of response and the degree of accuracy increasing concur-
rently.

It might be reasonable to expect evidence of enhanced stimulus
control to be correlated with proximity to reinforcement (or other logi-
cally related measures of within-schedule location). It is not unusual
to find that in discrete-trials procedures, interresponse times are
shorter in the final portions of the ratio run, or that remoteness from re-
inforcement has a deleterious effect upon accuracy of responding (Mintz,
Mourer & Weinberg, 1966; Nevin, Cumming & Berryman, 1963). In the

present case, however, the gradient of first response accuracy represents
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.the only instance in which measures of stimulus control are positively
correlated with proximity to reinforcement,

In contrast to responses which terminate the pause, responses
during the run are not differently controlled by proximity to reinforce-
ment, thus suggesting a response sequence maintained independently
of the regularities of reinforcement delivery. Changes in the average
deviation of the ratio were without substantial effect, and the progres-
sive reduction in accuracy as the ratio is counted out could in no way
suggest control by the discriminative aspects of reinforcement delivery.
In fact, this observation seems to imply partial loss of schedule con-
trol as reinforcement is approached. 1In all experimental conditions,
the data suggest a homogeneous and highly interdependent sequence
of responses maintained independently of local changes in reinforce-
ment probability.

These data can be understood within the context of Dews'
(1962, 1969) ideas concerning the action of reinforcement. Working
with the FI schedule, Dews (1965, 1966) has shown that the typical
response pattern is not disrupted by the insertion of several SA S
periods into each cycle. Dews interprets his data as showing that
lpcal rates of response are not controlled by a continuous chain of
mediation behavior. Instead, Dews argues that the pattern of within-
éycle responding is not dependent upon response conditions prevailing

at the moment of reinforcement effect. The strengthening of responses
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lremote from reinforcement is presumed to be dependent upon temporal
proximity to reinforcement and independent of both intervening respond-
ing and the similarity between the remote behavior and the behavior at
the time of reinforcement delivery.

This point of view finds support in the observation (Dews,
1960) that delays of reinforcement up to 100 seconds are effective in
maintaining substantial rates of response. A more direct confirmation
has been provided by Catania (1971) who has been able to show that
each response preceding the one which produces a reinforcement ap-
pears to make an independent contribution to subsequent rate. In con-
formity with Dews' prediction, Catania finds that the contribution of
each response to subsequent rate is determined by the delay of rein-
forcement for that response.

Although Dews (1962) has pointed out the formal similarity be-
tween this notion and Hulls' (1932) goal-gradient hypothesis, he does
not favor its use in this context. It is Dews' opinion that the identifi-
cation of mediating mechanisms should be a result of experimental dem-
onstration rather than theoretical speculation.

In the specific case of fixed ratio, Dews argues that "... The
possibility should be considered that the high rates of responding en-
gendered by fixed-ratio schedules may come about as follows: The

higher the average rate of responding on an FR schedule, the closer,
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’temporally, the initial response and all subsequent responses in the PR‘
are to reinforcement, and therefore the greater the retroactive enhancing
effect of that reinforcement. This will tend to increase the rate of re-
sponding, which will in turn tend to bring the responses closer to re-
inforcement which will increase rate further. Thus there is in effect a
positive feedback situation in which random increases in rate will tend
to be self-enhancing." (Dews, 1962, p. 373)

A process of "response compacting" of the type envisioned by
Dews has been documented by Blough (1963). This investigator has
recorded changes in IRT distribution when a VI-4 baseline is shifted to
a FR-30. The IRT distribution for VI showed a high variability with a
slight peak at 0.40 seconds, and the balance of all IRT's evenly dis~
tributed between 0,70 and 6.0 seconds. The first 100 minutes of FR
training produced IRT dist;ibutions characterized by short durations and
very low variance. IRT's below 0.50 seconds account for a large per-
centage of total response. In well-trained FR~25 performance, Blough's
data indicate that almost 100 percent of all within-run IRT's fall be-
tween 0.20 and 0.40 seconds.

If the notion of the "schedule control" of a performance can
be understood to imply control of response emission by antecedent stimu~
lus events arising from, or highly correlated with, the discriminative
‘éspects of reinforcement delivery, then one logical consequence of a
progressive reduction in IRT must be a reduced likelihood of effective
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;chedule control. As the response sequence becomes behaviorally more
stereotyped and temporally more compacted, there must be fewer sched-
ule correlated stimuli intervening between responses and therefore a re-
duced likelihood of differential within-cycle behavior. Control of indi-
vidual response onset might then shift to stimuli arising from the ante-
cedent response. In a sense, the question here concerns the relative
contributions toward the control of responding by preceding responses
per seas opposed to any other sources of control.

There is, in fact, independent evidence to show that short IRT's
of the type which predominate in FR schedules are extremely resistant
to control by differential reinforcement (Staddon, 1965; Reynolds 1966).
More to the point, Blough (1966) manipulated the relative frequencies
of different interresponse times by reinforcing only those that, over a
. preceding interval of time, occurred least frequently. He found that
IRT's shorter than 0.8 seconds, in contrast to longer IRT's, were not
well controlled by reinforcement.

If Blough's 0.8-second free operant IRT's seem reasonably simi-
lar to the @verage) 1.0-second latencies in the present experiment, then
the absence of within-run variation becomes understandable in terms of
a response sequence which is not differentially controlled by reinforce-
ment delivery.

This general analysis therefore assumes that in the well-

established FR performance, the termination of a temporally controlled
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post-reinforcement pause initiates a behavioral sequence in which re-
sponse occurrence is controlled by the preceding response, (and/or
unrecorded prior behavior occurring during the time out), and the momen-
tary S+, S- position. The strongest form of this argument would assert
that the unique contribution of the schedule of reinforcement availability
would be related to: a) the initiation of the response sequence, and b)
the delivery of reinforcement which acts to terminate responding.

Even if this set of assumptions is reasonably consistent with the
present data, previous research examininé within-cycle accuracy (Mintz,
Mourer & Weinberg, 1966; Nevin, Cumming & Berryman, 1963; Zeiler,
1968) is in unanimous disagreement. In each case these authors de-
scribe within-cycle accuracy patterns which resemble the FI accuracy
gradients of the present experiment,

Although these contradictory results are not easily reconciled,

a subsequent replication of the basic ratio procedure seems to implicate
procedural differences. The general problem is that of the discrimination
of different locations within a response sequence. Xeller and Schoenfeld
(1950 p.205) point to the difficulty of discriminating a homogeneous se-

quence6 and in fact suggest that if it exists at all, pure homogeneity is

6. There is no implication of a chain of behavior in which the preceding
reponse acts as an SP for (or otherwise controls) the subsequent re—
sponse. The momentary focus of interest is upon homogeneous versus
heterogeneous response sequences, without concern for exact mechan-
isms of control.
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rare, One possibility is to follow Keller and Schoenfeld's suggestion
and assume that the more heterogeneous the sequence, the greater the
likelihood of a discriminated performance. One way in which a mod-
erately homogeneous sequence of lever press responses may be modi-
fied is to introduce procedures which have the effect of extending inter-
response times. The amount of unmeasured behavior intervening between
levet presses should increase in direct proportion to the time between
responses. In this way a more heterogeneous stream of behavior would
be produced. Thus procedures which tend to produce more extended
interresponse times might permit the parallel development of differential
responding within the run. In fact, the co-occurrence of longer - more
easily schedule controlled - IRT's and within-cycle accuracy gradients
has persuaded Bigelow (1971) that differential within-cycle accuracy
occurs only with "time consuming" operants as opposed to more "instan-
taneous" response classes.

Bigelow's time consuming operant is a 4.5~second DRL (Differen-
tial Reinforcement of Low Rate) requirement. These DRL response units
were then maintained on an FR~20 schedule of food reinforcement.
Bigelow reports that the proportion of responses satisfying the DRL re-
quirement was sharply depressed in the first quarter of the ratio and
increased systematically as the ratio was counted out. In the first quar-
ter of the ratio, correct responses occurred at the rate of 2,5 per minute,

compared to a rate of about 8 per minute in the final quarter of the ratio.
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The nineteen 4. 5-second IRT's mandate a minimum duration of 85.5
seconds, but examination of cumulative records for total responding in-
dicates an actual run time in excess of 200 seconds.

Delorge (1969) has observed the same general response pattern
when a DRL-10 is reinforced on an FR-5 schedule. This author is of
the opinion that the fixed number of ten-second DRL components imparts
strong fixed-interval properties to the schedule. In common with
Bigelow (1971), Delorge suggests that a one-second DRL component
might well produce "responding more similar to typical FR-5 behavior."

Stubbs (1968) has also reported FR accuracy gradients using a
procedure which is closely related to that of Bigelow. Stubbs' research
was concerned primarily with an examination of the discrimination of
stimulus duration in the pigeon. This investigator used a three-key
paradigm in which the center key remained on (white) for a predeter-
mined period of time and then went off automatically. The two side keys
were illuminated, one red and the other green., If the center key light
was of short duration (1, 2, 3, 4, or 5 seconds), then a response to the
red key was correct, If the center key was of long duration (6, 7, 8, 9,
or 10 seconds), then the green key was correct. This procedure was re-
inforced with food on a FR-6 schedule. Correct responses which the
schedule did not reinforce with food were followed by a 0, 5-second

illumination of the magazine light. Error responses were followed by a
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30—second time out. Response accuracy was found to be lower at the
beginning of the FR than at the end.

Here again the temporal duration of the run seems important.'
The average duration of the center key stimulus was, of course, 5 sec-
onds, yvielding a minimum run (6 responses) of 30 seconds. If allow-
ance is made for an average of one error response per ratio cycle, then
we have a sequence of 7 responses distributed over a 60~second inter-
val.

Except for the fact that their component operants do not require
multiple responding, these procedures are closely analogous to extend-
ed tandem (Ferster & Skinner, 1957) or second order (Kelleher, 1966)
schedules. It is common for such procedures to produce a marked gra-
dient of within-cycle7 control. Gollub (1958) reports data for a FR-5
(PI—l)8 schedule in which pauses in the first two components averaged
6.5 minutes, while the final three components were completed in about
1 minute each., These observations have been confirmed by Kelleher and
Fry (1962).

It is possible to interpret this data as implicating the "time con-
suming" operant only insofar as the response class, or other procedures,

act to produce an extended run duration. This possibility is suggested

7. Primary sR o primary SR,

8. In Ferster and Skinner's notation a tandem FI-1, FI-1l, FI-1, FI-1, FI-1
schedule.
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(by research reported by Zeiler (1968). Using four pigeons as subjects,
this investigation maintained a three-hue simultaneous discrimination
with FR reinforcement. Fixed-ratio values ranged from 2 to 190. The
schedule was a somewhat unorthodox one in that any response, irrespec-
tive of hue, served to advance the ratio, but once the sequence of un-
reinforced responses had been completed, reinforcement was contingent
upon response to the S+, There were no trials, the stimuli being con-
tinuously available regardless of the character of previous responding.
At FR values below 20, the reinforcement contingency was suc-
cessful in maintaining 100% correct (S+) responding in all four animals.
(For one of the pigeons, 100% accuracy was maintained throughout the
experiment,) The remaining three birds exhibited a progressive increase
in S- responding as the ratio was raised from approximately FR-20 to
FR-190. For these animals, the distribution of within-cycle errors fol-
lowed the same general pattern found in the FI data of the present ex—
periment. The percentage of correct responses was at chance levels in
the first quarter of the ratio, increased systematically over the second
and third quarters and became asymptiotic at approximately 98% correct
in the final quarter. At ratio values above 20, the reinforcement con-
tingency loses control of responding early in the ratio. Above FR-30,
increases in ratio requirement are satisfied almost exclusively by S-

responding occurring in the first half of the ratio.

94



It is evident that any interpretation of these data must be tem-
pered by the fact that run duration and number of responses are con-
founded. Although it is possible that the appearance of the accuracy
gradients results from increases in the response requirement, the argu-
ment for temporal control seems edually attractive.

In each case, an FR accuracy gradient appears in conjunction
with procedures which dictate extended run times. The data does not
permit a more detailed analysis, but the overall picture is compatible
with the suggestion that differential within-cycle accuracy can be re-
lated to a process in which response occurrence, remote from reinforce-
ment, is brought under partial temporal control.

Mintz, Mourer and Weinberg (1966) report data in which ac-
curacy gradients appear in conjunction with run durations which appear
somewhat at variance with this analysis. These investigators report
data for zero delay matching-to-sample maintained on an FR-9 schedule,
which included an added stimulus counter consisting of an array of ten
(10) small lamps. The first correct response illuminated the first light
in the display, and an additional lamp was illuminated following each
correct response, with reinforcement occurring in the presence of all
10 illuminated lamps. The time out between trials was 0.6 seconds.

Accuracy gradients which ranged from an initial 79% to terminal

values of 97% were found in a schedule which typically contained fewer
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‘than 20 responses and approximately 9 seconds or less in time outs.
Latency data was not available, but extensive informal observation in-
dicated extended post-reinforcement pausing in conjunction with response
latencies substantially below 1.0 second. These observations are con-
sistent with latency data reported by Mintz, Mourer and Stein (1968)
for a similar experimental procedure. The 29-second run duration
generated by this procedure is somewhat shorter than that observed in
studies previously cited.

The Mintz, Mourer and Weinberg (1966) procedure can be
interpreted as an extended chain schedule in which each correct match
occurs in the presence of a different exteroceptive stimulus. Several
investigators (Gollub, 1958; Findley, 1962; Ferster and Skinner, 1957)
have shown the early components in an extended chain are less well
controlled by the schedule of primary reinforcement than components
later in the chain. This phenomenon is not, however, observed in
tandem schedules (Gollub, 1958). Kelleher (1966) has suggested that
this effect could be related to the decreased effectiveness of condi-
tioned reinforcers which are remote from primary reinforcement, but
whatever the exact mechanisms of control, it is clear that the corre-
‘lated stimulus could tend to enhance any pre-existing level of differ-
ential within-cycle responding.

At this point, it would be helpful to examine data reported by

Nevin, Cumming and Berryman (1963). Simultaneous three-hue
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fnatching-to—sample was maintained on fixed ratios of 3, 6, and 10 re-
sponses and on a VR-3. Each trial required a series of five responses

on the center key (FR-5), and completion of this sequence illuminated

the side keys. The intertrial interval was one second. There were no
differential consequences of an error response.

Highly articulated accuracy gradients were observed at all FR
values for all three subjects. Accuracy, which approached chance
levels immediately following reinforcement, became asymptotic at ap-
proximately 95% in the final bortion of the ratio. In addition, the la-
tency from center key onset to the completion of the fifth center key
response was found to decrease systematically with increasing trials
after reinforcement - in essence, a fixed-intervaltype scallop for center
key responding.

Each FR schedule contained "n" response units, consisting of
an FR-5 (center key) and one (1) side key response. Consideration of
the latency data indicates an average (conservatively) of three seconds
per response unit? , thus mandating minimum run durations of 12, 24,
and 40 secondslO for the FR-3, -6, and -10 schedules, respectively.

Although the three-second response unit might be considered a "time

9. This writer's estimate based on data presented by Nevin et al. (1963),
10. This analysis assumes no error responding. Inclusion of the small

population (about 5%) of response units terminated by incorrect
matches would inflate these figures slightly.
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.consuming" operant, comparable to Bigelow's (1971) 4.5-second DRL
requirement, the 40-second minimum run duration generated b}; the FR-10
is generally compatible with data previously cited, as is FR-6 data. The
very short run duration for the FR-3 data does not, however, seem com-
patible with the assumption that temporal remoteness from reinforcement
controls reduced accuracy.

Nevin, Cumming and Berryman do not suggest a reason for the
emergence of the within-cycle accuracy gradients, but they do observe
that "all subjects ... developed post-reinforcement pauses during the
first few days of exposure to each FR schedule, This development pro-
ceeded concurrently with the reduction in accuracy on trials immediately
following reinforcement" (Nevin, et al., 1963, p. 153). The FR-3 data
therefore raise the possibility that depressed accuracy may be related
to those factors which produce pausing rather than to temporal remote-
ness from reinforcement per se,

This relationship between the development of post-reinforcement
pausing and reduced accuracy must also have occurred in the Zeiler
(1968) data. At FR values below 20, pigeons produce little or no FR
pausing and it is at these ratio values that 100% correct responding was
maintained., Zeiler does not make direct comparisons but examination of
'his data does seem to indicate a positive correlation between pause

duration and frequency of error responding. Error responses occur almost

exclusively in the early portions of the ratio.
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The reports of Bigelow (1971) and Stubbs (1968) do not lend them;
selves to this type of analysis. In each case, however, schedules which
would be expected to produce substantial pausing control depressed ac-
curacy in the early portions of the run. This data seems clear enough
to warrant the inference of some relationship between the emergence of
stable pausing (or extended IRT's) and a within-cycle accuracy gradient.

In each of the experiments previously cited, we have been able
to demonstrate a possible relationship between reduced response ac-
curacy in the early portions of the run and two temporal aspects of the
fixed-ratio cycle. The possibility that a temporally extended run dura-
tion might allow for the emergence of some level of subsidiary temporal
control seems evident. Additionally, this general idea is particularly
compatible with Dews' (1962) assumptions concerning ratio control. It
will be recalled that Dews postulates a delay of reinforcement effect
which is essentially temporal in nature. Responses proximal to rein-
forcement are being more strongly controlled, while responses distant
from reinforcement are less strongly under the influence of reinforce-
ment. This notion would predict that if a time consuming operant or
extended time out prevented the response sequence from becoming com-
pacted, a temporally defined gradient of differential control would exist
within the ratio run. Increased FR requirements would tend to produce

the same effect. Portions of the run temporally remote from reinforce-

ment would be less strongly controlled. Under these conditions, the
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-reduced schedule control early in the cycle might be expected to engen-
der the extended interresponse times (or pauSes) which appear to be
correlated with the emergence of reduced accuracy. InAthis way the
same general principle which Dews uses to account for the development
of high rate in free operant ratio performance can also be applied to an
understanding of FR accuracy gradients.

The present analysis has attempted to implicate the temporal
aspects of the schedule in the development of within-cycle accuracy
gradients. Some of the important temporal aspects of the several ratio
procedures previously cited are compared with those obtained in the
present experiment in Table 12. It is apparent that, with the excep-
tion of Nevin's FR-3 data, the average run duration obtained in the
present experiment is substantially below that typically observed in
conjunction with the development of within-cycle accuracy gradients.
With the exception of the seven-response sequence reported by Stubbs,
actual number of responses is also below that reported in other studies.
These comparisons may imply that the absence of accuracy gradients
in the present experiment results from a run duration and/or response
requirement too short to generate differential temporal control within
the run.

Fixed Interval

The within-cycle accuracy functions obtained in the present ex-

periment may be compared with data reported by Clark and Scherman
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TABLE

Summary of Fixed Ratio Procedures Reporting Within—GycIe'
Accuracy Gradients

2

nominaL] NUMBER PROCEOURE| o,y | ACCURAGY
IMPOSED GRADIENT
FR VALUE |RESPONSE| MINIMUM b |TIME (Sec)
_ IRT (SEC) SHOWN
- a
Mourer FR-10 i .0.350 9.0 NO
Mintz et.al{i1966)ff FR-10 20 0.600 29.0 YES
Nevin FR-10 60 .0 40.0 YES
et.al FR-6 36 0 24 .0 YES
(1963) FR-3 18 (.0 12.0 YES
Stubbs {1968) FR-6 7 5.0 60.0 YES
Bigelow (1971) FR-(5 19 4.5 150.0 YES
. c ¢
Zeiler (1968) 50-150 | 50-150 None Unknown | YES
a_.. .
This experiment.
b
Real time.

c
FR values at which substantial error responding was observed.
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(19 70), who reinforced a two-key matching~-to-sample performance on a
FI-8 minute schedule of food reinforcement. The data were not consist-
ent in all conditions, but, generally, the percentage of correct matches
was depressed following reinforcement aﬁd then showed a monotonic
increase over progressive quarters of the interval. In most cases the
range did not exceed 15%. This was less than half the within-cycle
accuracy change observed in the present data.

Fixed-interval accuracy gradients have also been reported by
Boren and Gollub (1972),who employed a three-key matching-to-sample
problem. Their data for consecutive twelfths of a 48-second interval
show 90% accuracy levels in the first four seconds of the interval.
Accuracy drops to chance levels at approximately 12 seconds, at which
point accuracy increases systematically to 90% levels in the final por-
tions of the interval. The same general accuracy pattern has been ob-
served by Ferster (1960),who reports that performance under a matching-
to-sample procedure was least accurate during the second quarter of the
FI-10 minute component of a multiple FI-FR schedule. Although these
bi-modal distributions do not exactly replicate the monotonic accuracy
relations found in the present experiment, the available literature seems
to be in reasonably close agreement. When discriminations are rein-
forced on a FI schedule, accuracy of responding is depressed in the

early portions of the interval and then increases to peak values as the

interval is timed out.
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In the present experiment, the observation that the distributions
of first response accuracy are nearly perfect replications of the accuracy
gradients based upon total responding suggests an analysis of the fixed-
interval response sequence in terms of control by a temporal process.
It is, of course, assumed that the data for the population of first re-
sponses is devoid of any possible sequential effects related to imme-
diately antecedent responding. The data give the impression that the
accuracy of a particular response is controlled by its temporal location
within the interval. This implies a gradient of differential control
based on temporally correlated stimuli which exert their influence in-
dependently of local responding., The within-cycle data do not indicate
even partial independence of rate and accuracy measures. In general,
the probability that a response will be made shows the same systematic
within-cycle changes as the relative frequency of correct responses.

It might therefore be reasonable to assume that both are controlled in
the same general manner, This would extend the above analysis to
accommodate temporal control of response initiation (rate) as well as
of accuracy. This analysis is therefore compatible with Dews' (1962)
suggestion that delay of reinforcement is the critical variable control-
ling the fixed-interval response pattern,

This viewpoint also finds support in data reported by Wall

1

(1965). This investigator maintained rats on a fixed-interval 60-second
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’schedule by reinforcing responding on a lever that was introduced every‘
60 seconds. The fixed interval consisted of a time out (lever withdrawn)
which was interrupted once by a second presentation of the lever at some
point during the interval. It is Wall's contention that responses to this
intermittently presented lever - which were never reinforced - provide
an indication of FI discrimination uncontaminated by the effects of free
responding. Observed differences in response latency on non-reinforced
trials, occurring at different temporal locations, were analogous to dif-
ferential responding occurring in a free operant procedure., It is Wall's
belief that response factors are not essential for the temporal discrimi-
nation which underlies the schedule.

Research recently reported by Neuringer (1969) also support
this general analysis. This author compared pigeons' preference for
delayed reinforcement with fixed-interval schedules of comparable
duration. Neuringer reasoned that if delayed and interval reinforce-
ment have the same effect upon responding, subjects should choose the
two alternatives with equal frequency. The subjects' indifference to
the two reinforcement conditions leads Neuringer to conclude that the
time between response and reinforcement controls response probability,
whether other responses intervene or not,

This assumption is made more plausible by Ferster and Skinner's

(1957) demonstration that the fixed-interval response sequence could be

brought under control of an exteroceptive time correlated stimulus. When
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a fixed-interval performance was developed in the presence of a corre-
lated stimulus clock, these investigators were able to show that rever-
sal of the correlated stimulus resulted in a complete reversal of the
local rate pattern in which the pause occurred in the final portion of

the interval. However, the reinforcement contingencies quickly altered
this clock-imposed response pattern. Ferster and Skinner conclude that
"the rate of responding is completely determined by the value of the
clock stimulus. Any stimuli from behavior or other stimuli also vary-
ing in time, seem to exercise no control." (p. 277)

The general thrust of this data is to build a case against expla-
nations of FI control which are based upon chaining or prior responding.
Taken as a whole, the data does not pinpoint specific mechanisms of
schedule control, but it would not be inconsistent to suggest control by
stimuli directly related to the temporal properties of the schedule.

Further evidence for temporal control can be found in the frequen-
cy distribution of response latencies terminating the fixed-interval pause.
These distributions are strongly suggestive of the bi-modal distribution
of response latencies generated by DRL schedules (Schuster &
Zimmerman, 1961; Bigelow, 1971). In both procedures, the first mode
follows reinforcement at very short latency, thus suggesting a population
of responses controlled by previous responding and/or reinforcement de-

N

livery. This interpretation is consistent with observations that the initial
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;node does not appear when DRL is programmed on a discrete-trials
procedure requiring an extended intertrial interval (Logan, 1961;
Zimmerman, 1961).

In typical DRL performance, the temporal location of the second
mode is critically dependent upon the duration of the interval to be dis~-
criminated. At DRL values of 2 seconds (Nevin & Berryman, 1963);
4.5 seconds (Bigelow, 1971); and 10 seconds (Farmer & Schoenfeld,
1964), the second mode reflects a consistent overestimation of the in-
terval. With the observed variability of the IRT, the overestimation
represented by the mode corresponds to a substantial proportion of IRT's
meeting the DRL requirement. When DRL values are extended to above
20 seconds, most investigators (Malott & Cumming, 1964; Kelleher,
Fry & Cook, 1959; Farmer & Schoenfeld, 1964) report a tendency for
the second mode to reflect an underestimation of the interval.

These data have been reviewed by Catania (1970), and the re-
ported tendency to underestimate longer intervals was found to be con-
sistent with temporal discrimination data generated by both Sidman
Avoidance procedures and temporal judgments of human subjects using
the methods of estimation and comparison.

Catania also presents original data which indicates that when

pigeons are exposed to a DRLL!! contingency in which the interval to

11. A discrete-trials analogue of the conventional DRL schedule.
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be discriminated exceeds 36 seconds, the interval is so sericusly under-
estimated that fewer than 5% 12 of all responses are reinforced. In this
case the relationship between the responsé distribution and the interval
to be discriminated is strongly reminiscent of the temporal relation be-
tween the second mode of the first response distribution and the 54-
second fixed interval in the present data. It is therefore not unreason-
able to consider the distribution of first response latencies as reflect-
ing the outcome of a temporal discrimination of the interval,

With few exceptions, both interval and ratio schedules produce
a period of non-response immediately following reinforcement. Writers
concerned with an analysis of this phenomenon (Ferster & Skinner,
1957; Keller & Schoenfeld, 1950) have tended to view pausing - or at
least the initiation of the pause - as a product of the systematic ex-
tinction of responding which closely follows reinforcement, Once thig
process has stabilized, the pause can be viewed as a point of local loss
of schedule control. This point of view provides the basis for an analy-

sis of the FI-response pattern in terms of a temporal discrimination,

The temporal discrimination notion is the traditional explanation
of FI performance first proposed by Skinner (1938, p. 125). Keller and

Schoenfeld (1950, p. 86) state the general notion clearly:

12. This writer's estimate based on data presented by Catania, 1970,
p. 21, Fig. 1-6.
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"This (the FI scallop) shows that a temporal
discrimination!3 has been formed. The re-
sponses just after eating a pellet are weak-
ened because they are never reinforced,
whereas later responses are strengthened
because the reinforcement is given later."

The same general notion is supported by Ferster and Skinner
(1957) and has been reiterated in current textbooks. Millenson (1967,
p. 143), for example, contends that:

"This cessation of responding (following re-
inforcement) is a natural consequence of the
fact that in the past, responding just after
reinforcement was never reinforced. Itis a
form of discriminated!3 extinction..."

This general analysis is consistent with both the bulk of ex-
perimental data and the formal properties of the reinforcement schedule.
The FI schedule, with unlimited hold, can be described in terms of a
sequential discrimination in which an sD period alternates with an S
period, which is terminated with the first reinforced response. Although
the experimenter arranges no explicit discriminative stimuli, the differen-
tial behavior which the subject correlates with the exiremes of the tem-
poral interval, testifies to the presence of effective controlling stimuli
not under direct experimental control. It is therefore not at all unreason-
able to suggest a response sequence controlled by extinction related

{S ) stimuli which gradually shift into or are replaced by sD stimuli.

13. Emphasis added.
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The accuracy data from the present experiment bring this generai
analysis into question. The reduced percent of S+ responding which fol-
lows reinforcement is not suggestive of a loss of schedule control pro-
duced by extinction. When discriminations are subjected to experimen-
tal extinction, rate of responding is reduced toward operant level, but
accuracy is substantially unaffected.

Cumming, Berryman, Cohen and Lanson (1967) extinguished
three~hue matching-to-sample behavior in three pigeons and found that
a systematic reduction in rate responding was not accompanied by re-
duced matching accuracy. Cohen (1969) reports comparable results
when a two-key matching problem is extinguished. Similar results
were obtained by Nevin (1967), who maintained a simultaneous bright-
ness discrimination on CRF. Nevin reports that over 10 sessions of
extinction, response probability decreased systematically for all birds,
while accuracy remained about constant. Extinction of a sequential
discrimination (Wolf, 1963) produces similar results.

In consideration of these data, it is probably better to con-
ceive of the rate and accuracy levels in the early portions of the inter-
val as reflecting specific schedule control of these response values,
rather than a random (or uncontrolled) performance produced by prior
extinction,

The parametric displacement of the within-cycle accuracy

functions, in the face of increasing S+, S- disparity, lends support
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fo this interpretation. This phenomenon could only result if schedule
control over the pattern of responding was: a) relatively strong, and
b) roughly equivalent at all temporal locations within the interval. As
is most evident in DRL schedules, the absence of responding does not
necessarily imply the absence of behavioral control. This argument
is particularly compelling when response patterns in the first third of
the interval are considered. In what might otherwise be considered a
random performance, the percent correct shows a parametric reduction
as S-/S+ values are increased.

The VI data adds little to the foregoing analysis. Although
response rate gradients of the type used in the present experiment
are to be expected in arithmetic VI schedules (Catania & Reynolds,
1968), the insensitivity of these gradients to changes in schedule
deviation was unexpected.

The first 50 seconds of the interval closely replicate the FI
data for all values of the VI, when we would in fact expect a notice-
able redistribution of responding when a population of shorter rein-

forced intervals were introduced (Catania & Reynolds, 1968).
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