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Abstract

Parameters Contributing To Sequential Effecta Under
Multiple Schedules 0Of Reinforcement
by

Alison Debra Hassin Herman

Adviasora: Professor Bruce L, Brown

Professor Nancy S. Hemmes

The present investigation explored the discrepancy
between two different sequential effects observed in
nultiple schedule paradigms. The following-high-density
effect was detined when higher keypecking rates occurred 1in
a target component which was followed by a component
associated with a high density of reinforcement than during
a target component which was followed by a component
associated with a low density of reinforcement. The
following=low-density effect was defined when higher
keypecking rates occurred in a target component whilich was
followed by a component asscciated with a low/zero density
of reinforcement than during a target component which was
followed by a component associated with a high density of
reinforcement. In each of three experiments, pligeons were
exposed Lo a wmultiple schedule containing two fixed
two~-component sequences, Each sequence was differentially

cued during the initial component of each sSequence, Across
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all three experiments, a differential S-SR relation was
introduced in the initial component by eliminating
reinforcement 1n the terminal <c¢omponent of one 3equence.
The initial component was 6 sec 1In duration and was then
systematically inereased until equal in duration to the 30
sec terminal component of each sequence, In Experiment 1,
with extinction schedules iIn the initial c¢omponents and no
differential stimuli in the terminal componentsa, the
following-high-density effect varied with the duration of
the initial component, In Experiment 2, with a nonzero
schedule of reinforcement in the initial components and no
differential stimulld in the terminal components, the
following-high=-density effect and the frollowing-low-density
effect were observed at initial component durations greater
than 6 sec, With a nonzero schedule of reinforcement in the
initial components and differential stimuli in the terminal
components, birds in Experiment 3 responded similarly to two
birds in Experiment 2. When the initial c¢omponent was short
(6 sac), the following-high-density sequence was
demonstrated. When the initial component was long (18 or 30
sec), the following-low-density effect was demonstrated.
The duration of the initial component and the schedule of
reinforcement in the initial component were determining

factors for the type of following density effect obtained.
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GENERAL INTRODUCTION

Since the demonstration of behavioral contrast
{Reynolds, 1961a), achedule interaction phencmena have been
observed 1n a variety of multiple schedule paradigma and
have remailned a topic of much interest (Herrnstein, 1970;
Rachlin, t973; Reynolda, 1%61a, 1961b, 1963; Terrace, 1966)}.
More recent research in multiple schedules of reinforcement
has focused upon the role of sequential factors in schedule
interaction phenomena (e.g. Brown, Hemmes, Coleman, Hassin,
and Goldhammer, 1982; Farley, 1980; Marcuocella, 1981;
Schwartz and Gamzu, 1977; Williams, 1979, 1981). Rates of
responding in target components differed when the schedules
of reinforcement which followed these components also
differed, This recent literature has revealed ¢two quite
different asequential effects. The following-high-density
effect was ldentifilied when higher keypecking ratesa occurred
in a target component which was followed by a component
assoclated with a high density of reinforcement than during
a target component which was followed by a component
assoclated with a low density of reinforcement. Brown et
al. (1982) demonstrated higher keypecking rates in a target
component which was followed by a component associated with
a nonzero schedule of reinforcement than 1n a target
component which was followed by a component associated with
extinction (the following-high~«density effect). The

following-low- density effect was 1dentified when higher
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keypecking occurred in a target component which was followed
by a ocomponent assoclated with a low/zero density of
reinforcement than during a target component which was
followed by a component assoclated with a high density of
reinforcement {(the following-low-density effaect),. Williams
(1979) demonstrated higher keypecking rates 1in a target
component which was followed by a component assoclated with
extinction than in a target component which waa followed by
a component associated with a high denaity of reinforcement
({the following-low-density effect). Since these two
findings are contradictory, it i1s important to examine the
contexts in which these findings were obtained,

Wilton and Gay (1969) showed that responding in one
component of a multiple schedule varied as a function of the
schedule of reinforcement operating 1n an immediately
following componeant. Keypecking rate in a VI 5-min
component which was followed by an extinction component was
higher than 1n a VI 5-min component which was lellowed by a
VI t=-min component (the following-low-density effect).
Wilton and Gay suggested that multiple schedule interactions
may vary as a function of the ordering of the components.

Williams (1979) expanded upon the finding of Wilton and
Gay (1969) and investigated how component duration 1in a
multiple schedule is functionally related to two tLypeas of
schedule transiticns. Williams examined component duration

in a four-component multiple schedule designed to separate
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the effects of the preceding schedule of reinforcement from
those of the following schedule of reinforcement, In saach
four-component sequence, the reinforcement schedulesa for two
of the components were identical (VI 3-min). Therefore, any
difference in response rate during these two components, the
target c¢omponents, was described as being due to their
location in the four-component segquence, In the sequence
teasting the role of the following schedule, the target
components were each preceded half the time by a VI 1-min
component, and half the time by an Ext component, Any
influence of the preceding schedule was then equivalent for
the target components, However, the schedules following the
target components always differed, so that differences in
response rate in the target components would be due to the
reinforcement schedules in the following components. In the
sequence testing the role of the preceding sachedule, the
target components were preceded by components containing
different schedules o¢f reinforcement, but the following
components contained the same 8chedule of relnforcement.
Hence, any difference in response rate during the target
components would be due to the achedule of reinforcement In
the preceding component.

Although the reinforcement schedule in the preceding
component had no consistent effect upon behavior 1n the
target components, the reinforcement schedule in the

following component had a strong effect upon behavior 1in
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these components, Pigeons displayed higher rates of
resaponding during the target component which was followed by
an extincetion component than during the target component
which was followed by a component containing a nonzero
schedule of reinforcement (the following-low-dansaity
effect). Additionally, all pigeons demonstrated a reduction
in response rate as the duration of all components was
increased to 15, 60, and 180 sec. Williams suggested that
the effect of component duration in multiple schedules is
the result of the change in control by the following
schedule of reinforcement. Willliams proposed that

responding during a component was inversely related ¢to the

fvalue®™ of the following component. The formulation of
"value" incorporated both primary and secondary
reinforcement. Accordingly, the relation between a

component cue and the Taverage value” of the followlng
component generates the following-low-denaity effect,
Unfortunately, the mechanism which underlies the
fecllowing-low-density effect remains unclear.

Using a variety of multicomponent schedulea of
(response- dependent or -independent) reinforcement similar
to those used by Williams (1979, 1981}, Farley (1980)
functionally separated the effects of the preceding
schedule, the effect of the following schedule, and the
effect of the overall relative rate of reinforcement

independent of the local tranajitions,. Farley expoased
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pigeons to multicomponent sachedules such that the effect of
eliminating reinforcement (Ext) from one of the components
could be observed separately for the preceding and the
following components. Pigeons displayed higher keypecking
rates during a target component which was preceded by a
component which was assoclated with the same or lower rate
of reinforcement and was followed by an extinction component
than when this sequence was reversed. Farley suggested that
elevated rates of responding occur 1in one component when
that component cue signals a greater rate of reinforcement
than the components which temporally surrcund it. Rates of
responding were substantial even though that component was
followed by a component cue which signaled a decrease in
overall reinforcer rate, Similarly to Williams {1979),
Farley suggested that a cue associated with the occurrence
of an impending extinetion periocod has an increased ability
to function as a conditioned reinforcer.

In contrast to these findings by Williams (1979) and
Farley (1980) are the data of Brown, Hemmes, Coleman,
Hassin, and Goldhammer (1982) and Marcucella (1981). Brown
et al, {1982) investigated the contrcl of keypecking by =a
differential stimulus-reinforcer (5=-SR) relation 4in the
context of a four-component multiple schedule. This
procedure, termed the temporal separation procedure, used a
four-component multiple schedule 1n which there were two

fixed two-component sequences. Each sequence was
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differentially cued by colored keylights during the initial
components, which were 4, 6, or B asec 1in duration 4in
different experiments. While reinforcers could be earned on
a response-dependent schedule 1in the 30 8sec terminal
component of each seguence, responses were not reinforced in
the initial component of etther sequence, When
reinforcement was eliminated (Ext) in the terminal component
of one sequence, rate of keypecking ifincreased in the initial
component of the other sequence. That 1is, plgeons
demonstrated higher response rates in the component which
was followed by & component associated with a nonzero
schedule of reinforcement than 1in the compohent which was
followed by a component associated with extinetion (the
following~high-density effect). Brown et al. suggested that
responding during the 1initial (target) component was
dependent upon the differential relation between the astimuli
in the initial components and the schedule of reinforcement
in the terminal c¢omponents, i.e. an 3«3R contingency.
Similar data were reported by Marcucella (t981). With a
multiple schedule paradigm similar to Brown et al.,
Marcucella also demonstrated keypecking during a 1.5 sec cue
which was followed by a 58.5 sec component containing a
relatively high density of reinforcement. Marcucella also
suggested that differential responding during the cue was

controlled by a differential S-SR relation.
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The foregoing review suggests that the discrepancy
between the fcllowing-high-density effect and the fellowing-
low=denaity effect may be resolved by examining the
procedural variables involved 1in each following density
effect. Williams (1979) demonstrated that the
following-low-density effect was functionally related to
component duration (e.g. 15, 60, and 180 sec). Of note i=s
that Williams always used component® which were equal in
duration and observed the following-low-density effect to be
greater with short cowmponent durations, On the other hand,
Brown et al. (1982) also speculated that the following-
high-density effect might be related to component duration
since increased responding was observed when the duration of
the finitial components wasa shortened across experiments
(i.e. B8, 6, and 4 seg). Unlike Williams, Brown et al.
always used a procedure in which the target components were
very short relative to the following components, It is
apparent, therefore, that one procedural variable which may
be responsible for the type of following density effect
obtained 1s the duration of the target component relative to
the duration of the following component,

Whereas Williams demonstrated both the following-low-
density effect and the lfollowing-high-density effect with
target components which contained nonzero Jlanasities of
reinforcement (i.e. VI 3-min), Brown et al, only

demonatrated the following-high-density effect with target
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components which were asaociated with extinction, However,
Williams only demonstrated the following-high-density effect
when his procedure was most similar to the procedure of
Brown et al.-- when the target components but noet the
following components were differentially cued. Thus, two
other procedural variables which appeared to have
contributed to the discrepancy between the following-high-
and following-low=-density effecta are the presence versus
the absence of a nonzero schedule of reinforcement in the
target components and the presence versus the absence of
differential stimuli 1in all components of the multiple
schedule,

The present investigation consists of three experiments
which explore the apparent discrepancy between the
following- high-denaity effect and the following-low~density
effect. Each of the three experiments uses some version of
the temporal separation procedure (Brown et al, 1982) to
determine how the schedule of reinforcement operating in the
target components, the duration of the target components,
and the preaence cf differential stimull iIin each component

contribute to the type of following density effect obtained.



EXPERIMENT 1

Experiment 1 examined the {influence of component
duration as one varlable potentially responsible for the
type of following density effect observed, Pigeons were
exposed to two fixed two~component sequences in which only
the 4initial component of each sequence was differentially
cued, Reinforcers could be earned on a response- dependent
achedule in the terminal <c¢omponent of each asequence, but
responses were not reinforced in the initial component of
either sequenca. Thus, the present experiment employed a
procedure similar to that of Brown et al. (1982) =since the
target components were, at first, short relative to the
duration of the terminal components; there were extinction
schedules in the target components; and there were no
differential cues in the terminal components. With the
terminal component aet at 30 sec in duration, the duration
of the initial component was systematically 4increased from
6 sec to 30 sec in duration. Therefore, the present
procedure was also similar to the procedure employed by
Williamas (1979). In his investigations, Williams (1979,
198t) used components which were equal 1in duration, and 1in
apecific 1insatances, each component was not differentially
cued by keylights.

If component duration 1s a determining factor for the
type of following density effect obtained, then the

following~high-density effect observed with relatively short



target componentsa might glve way to the
following-low-density effect observed when the target
components are equal in duration to the following
components, At i1s3sue 1s whether the change in the duration
of the initial component would systematically affect the

rate of responding during the target components,

Sublects

Four naive adult White Carneaux plgeons served as
subjects in the present study. All birds were maintained at
80% of their free-feeding welghts throughout the experiment,
Water and grit were always avallable 1in thelr home cages,
Apparatus

The experiment was c¢onducted in two standard three-key
plgeon chambers (BRS/LVE). The right key could be
transilluminated with variocus stimuli provided by display
projectors (BRS/LVE IC-901). The 1left and ocenter keys
remained dark and responses directed toward these keys were
not recorded and had no programmed consequences, Reaponses
of at least .10N to the pright key were recorded. The
reinforcer was 2 3ec access to mixed grain delivered by a

food hopper located directly bPbelow the center key. The

10



houselight remained on during the entire sesasion except
during reinforcement when both the houselight and keylight
were turned off and the food hopper was illuminated.
Masking noise was provided by a fan in the chamber and white
nocise in the chamber and in the room containing the chamber.
Electromechanical programming and recording equipment were
located in an adjacent room.
Procedure

Pretraining: After all pigeons were trained to eat fronm
the food hopper and to peck a white right side key, they
were exposed to two seasions of continuous reinforcement in
which 100 reinforcers were dellivered in each sesasion. All
birds were then exposed to a random-interval (RI) 30-sec
schedule in the presence of a white keylight, The RI 30-8sec
schedule wasa produced by using a t cycle duration of 3 sec,
and a probability generator set at .10. A probability
generator was sampled at the beginning of each 3 sec¢ bin.
Under this schedule, all birds were run for 55 minutes each
day until they earned at least half of the reinforcers
avallable during two consecutive sessions, All birds were
then exposed to a four-component mixed schedule in which
there were two fixed two-~component sequences, The component
stimull employed in the experimental phases are sShown 1in
Table 1 and described below. In each sequence the initial
component was firat & sec in duration and was immediately

followed by a 30 sec terminal component, Strict alternation

1



of sequences was maintained throughout the experiment.
During thias and all subsequent phases of the experiment,

sessions were run 6 days a week, for 55 minutes each day.

Phase I: Following pretraining and during the next 42
sessions subjects were expoased to a wmixed aschedule of
reinforcement in the presence of a white keylight, A
session was terminated after 90 sequences were presented (55
minutes). Subjects' responses were never reinforced during
the initial component of each sequence. Responses were
reinforced on an RI 30-3ec achedule of reinforcement during
the terminal component of each sequence (mix Ext RI 30~sec).
Once a reinforcer became available in a given component, it
was held wunti}l earned for the duration of that component
only. The durations of the initial and terminal components

of each sequence were b and 30 sec, respectively,

Phase II: During this phase, the initial component of
each sequence was cued by a white cross cn a black
background projected onto the response key. The terminal
component of each sequence continued to be cued by a white
keylight, The introduction of a cue during the initial
component of each seguence converted the mixed schedule to a
multiple schedule of reinforcement. The reinforcement
schedules in each component were the same as those desacribed

in Phase I. For this Phase and Phases III through VI, each

12



session terminated after 90 sequences were presented. This

phase lasted for 35 sessions.

Phase III: In this phase, each sSequence was how
differentially cued by red and green keylights during the
initial component, The white keylight remained the cue for
the terminal component of each sequence. The reinforcement
schedules in each component were the same as those operative
during Phases I and 1II. All birds were exposed to this
sequence of atimull for 35 sessions.

The common feature among Phases I, II, and III was the
absence of a differential S-SR contingency between the cues
in the initial components and the schedules of reinforcement
in the terminal component of each sequence, Response rates
during Phase III established a baseline for comparison with

future manipulations.

Phase 1IV: An S-SR contingency waa introduced by
converting the reinforcement schedule 1n the terminal
componant of a sequence from an RI schedule to extinction.
For two subjects the red-cued sequence was assoclated with
extinetion, while the green~cued sequence was associated
with extinction for the other two subjects (see Table 1)},

All subjects were exposed to this phase for 30 sessions.

13



Phase V: The S-3R contingency was eliminated during
this phase with the re-introduction of the RI 30-sec
schedule 1in the terminal componant of the sequence
previcusly assoclated with extinction, i.e., a return to a
baseline condition was instituted, All subjects were

exposed to thias phase for 30 sessions,

Phase VI: The S=-83R contingency was re-introduced during
this phase. However the correlation between component one
cues and component two sSchedules was reversed from that
prevailing in Phase IV, The two 3sSubjects who were
originally exposed to a red-cued sequence assoclated with
extinction, were, in this phase, exposed to¢ a red-cued
sequence associated with the RI 30-sec schedule of
reinforcement, and a green-cued sequence associated with
extinction, The other two subjects who were originally
exposed to¢ a green-cued sequence assoclated with extinction
were, in this phase, exposed to a green-cued sequence
associated with the RI 30-s8ec schedule of reinforcement and
a red-cued sequence assocliated with extinction,. All

subjects were exposed to 25 sessions during this phase.

Phase VIiI: The duration of compohnent one of each
sequence was manipulated in Phase VII, All subjects were
exposed to a new duration every 20 days in the followlng

order: 12, 18, 30, and 6 sec, The number of sequences per

14



session were 76, 68, 54, and 90, respectively. 1In all other
respects, conditions were the same as those in effect during

the previous phase,

Phase VIII: Component one duration was held at 6 sec
while the S~SR contingency was aliminated with the
re-introduction of the RI 30-sec schedule of reinforcement
in the terminal component of the sequence previously
associated with extinection, This phase was terminated after

25 sessions,
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Phase 1
cue

Duration
Schedule

Phase 11
Cue

Duration
Schedule

Phase 111
Cue

Duration
Schedule

Fhase IV
Cue

Duration
Schedule
Schedule

Phase V
Cue

Duration
Schedule

Phase Vi

Cue

Duration
Schedule
Schedule

Fhase VII1
Cue
Duration
Duration
Duration
Duration
Schedule

Phase VII]

Cue
Duration
Schedule

Table 1

Summary of Conditions for Experiment 1}

Sequence A

In'tl. Co.

White
6 sec

Ext

Cross

&

Ext

s5ec

Red

6

Ext

sec

Red

&

Ext
Ext

5ec

Red

&

Ext

sec

Red

6

Ext
Ext

Red

12
lg
30

&
as

sec

sec
sec
sec
sec
Phase VI

Red

&

Ext

sec

White
30 sec
R1 3Q-smec

White
0 sec
Rl 30D-sec

white

30 sec
Ext

R1 30-BecC

White
30 mec
Rl 30-mec

White

30 sec

RI 30-sec
Ext

White

30 smec
30 smec
30 sec
30 sec

Seguence B

In*tl. Co.

White
6 sec
Ext

Cross
b6 sec
Ext

Green
& sec
Ext

Green
6 sec
Ext

EXxt

Green
6 sec

Green
€& mec
Ext
Ext

Green
12 gec
18 mec
30 Eec
6 Bec

as Phase VI as Phase VI

White
30 sec
R1 30-sec

Green
6 mec
Ext

Term. Co.

White
30 sec
R1 30-Bec

White
30 sec
Rl 30-sec

White
30 sec
Rl 30-sec

White

30 sec

Rl 30-sec
Ext

White
30 sec
Rl 30-gec

White

30 Bec
Ext

R 30-mec

White

30 sec
30 sec
30 sec
30 sec

as Phase V]

White
30 sec
R1 30-=mecC

Sub jects

1,2,3,4

1,2,3.4

1,2,3,4

IR
~
L]

1,2,3,4

Ll
- .
b

1,2,3,4

1,2,3,4

16



Results

With the introduction of an S-SR contingency (Phase IV),
birda displayed an 1increase in responding in the 1nitial
component of the high-density sequence. Figure 1 presents
mean response rate plotted over five-session blocks during
Fhasea III, 1V, and V for all birds,. The wupper graph for
each bird presents performance during the initial
components, and the lower graph presents performance during
the terminal componrents.

With an 8-SR contingency in Phase IV, Birds 2, 3, and 4
displayed higher rates of responding 1in the initial
component that waa followed by an RI component than in the
initial component that was followed by an extinction
component, i1.e. a following-high-density effect was
obtained, Differentiation of responding was alsc observed
in the terminal components. When the 5S-SR contingency was
removed (Phase V), response rates in the 1nitial and
terminal components approximated baseline levels, However,
Bird 2 continued to display higher rates of responding
during the sequence which had c¢ontained the RI 30-sec
schedule in Phase 1IV.

As the duration of the initial component increased, the
following-high-denaity effect diminished, Figure 2 presents
the mean response rate during the initial component for the
laat ten sessions feor each manipulation of component

duration,

17
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Figure 1. Rates of responding for four birds during
Phases III, IV, and V of Experiment 1. Initial component
rates during high- and low-~-denajity sequences are shown 1n
the upper graphs, and the terminal component rates are shown
in the lower graphs. Solid, vertical lines separate data

from successive phases,
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Figure 2. Mean response rates of the last ten sessions
of Phasesa V¥I and VII of Experiment 1. Each graph presents
one bird's rate of responding during the initial component

for each manipulation of the initial c¢omponent duration.
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Throughout the change 1n initial component duration,
differential responding was maintained. As the initial
component increased in duration, Birds 1, 2, and 3 continued
to display higher responae rates in the initial component of
the hilgh-density sequence than in the initial component of
the low-density sequence. However, rate o¢f respoending 1in
the 1initial component of the high-density sequence did
decrease as the 1nitial component increased to 30 sec. When
the duration of the initial component was returned to 6 sec,
responding in the initial component of the high-density
sequence lncreased,

To determine whether differential rates of responding
between sequences of the 1lnitjial components were related to
component duration, the mean response rates of the last ten
sesslons for each duration of the initial component ( 6, 12,
18, and 30 sec) in Phases VI and VII were analyzed
statiastically. A duration x seguence analysis of variance
revealed a reliable main effect of duration (F(3,9) = 65.88;
p <.01) and a duration x sequence interaction (F{3,9) =
3.54; p <.06). Although this duration x sequence
interaction did not reach a conventional level of
significance, the following-high~density effect tended to
diminish for all birds as the initial component inhcreased in
duration (see Figure 2). For example, when the initiail
component was & sec in duration, the mean response rates

across subjects were 25.90 and .91 in the initial component

22



of the high-density and low~density sequencea, respectively.
When the initial component was 30 sec in duraticn, the mean
response rates were 5,89 and . 41 in these respective
components {(see Table D in Appendix).

These effecta can also be 38een 1In Figure 3 which
presents mean responae rate during both componenta plotted
over five-session blocks during Phases VI, VII, and VIII.
This figure also shows that responding during the terminal
component of each sequence did not vary systematically with
initial component duration. When the S-SR contingency was
removed {Phase VIII), rates of responding in the initial and
terminal components approximated baseline levels (Phase
III). Temporal patterns of responding 1in the initial
components are presented in Figures 10 and 11 in the

Appendix,. These data have not been reviewed in the text.
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Figure 3. Rates of responding for four birds during
Phases VI, VII, and VIII1 of Experiment 1. 1Initial component
rates during high- and low-density sequences are shown in
the upper graphs, and the terminal component rates are shown
in the lower graphs. Sclid, vertical lines separate data
from successive phases, Dashed, vartical lines separate

successive manipulations of the initial component duration.
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Discusasion

The results of Experiment 1 are consistent with those of
Brown et al. {(1982). The 1introduction of an 3=3R
contingency with respect to initial component cues resulted
in a higher rate of responding in the initial component of
the high-density sequence than in the initial component of
the low-density sequence., The following-high-density effect
observed 1n the present study 1Is similar to the data
obtained by Brown et al. and Marcucella (1981).

The present results also showed the following-high-
density effect to vary with the duration of the initial
components. The following-high-density effect was larger
when the initial components were relatively shert (e.g. 6
sec). It should be noted, however, that the present resaults
showed no evidence of a following-low-density effect. This
is of 1interest since other atudies (Wilton and Gay, 1969;
Farley, 1980; Wwilliams, 1979, 1681} have demonstrated the
following~low-density effect using similar multiple schedule
paradigms. Apparently, another procedural variable must be
responsible for the discrepancy between results,

One likely possibility for the discrepancy between the
two following density effects 1s the presence versus the
absence of a nonzero schedule of reinforcement in the target
components of a multiple schedule. Both Farley (1980) and
Williams (1979) argued that responding during a component

cue was dependent upon the signaled decrement 1in overall
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reinforcer rate at the cue's terminaticn. In the present
study, the following-low-denaity effect may not have
occurred since the presence of an extinction schedule in the
initial componentsa precluded a transition from a higher rate
of reinforcement in the initial components to a lower rate
of reinforcement 1in the terminal components, However,
Williams (197%) also observed the following-high-density
effect when the target components contalned a nonzero
schedule of reinforcement.

The results of Experiment 1 and those of Williams {(1979)
raise the questiocn of how the type of the following density
effect i3 related to the schedule of reinforcement operating
in the target components. It appears that the presence
versus the absence of a nonzero schedule of reinforcement in
the target component cannot itself resolve the discrepancy
between the following-high-density and low~densaity effects.
However, Williams observed both following density effecta
using equal component durations whereas the present study,
as well as Brown et al, (1982), only observed the
following-high-density effect when component durations were
unequal., Therefore, the presence of a nonzero achedule of
reinforcement in the target components and the duration of
the target components may Jointly determine the type of
following density effect obtained.

Experiment 2 studied the influence of a nonzero schedule

of reinforcement in the initial component as a determining



28
factor for the type of following density effect obtained.
At issue 13 whether the c¢hange in the duration of the
initial component would systematically affect the rate of
responding during target components which contain a positive

reinforcement schedule,

EXPERIMENT 2

Method

Subjects

Four naive adult White Carneaux plgeons sServed as
subjects, All birds were maintained at 80% of their
free-feeding weights throughout the experiment. Water and

grit were always available in their home cages.

The apparatus was the same as in Experiment 1.

The procedure was the same as 1n Experiment 1 with one
exception,. During all experimental phases, animals'®

responses were relnforced o¢on an RI 150-8ec schedule of



reinforcement during the initial component of each s3equence,
As in Experiment 1, responses were reinforced on an RI
30-sec schedule of reinforcement during the terminal
component of each sequence. The RI schedules were obtained
using a t c¢ycle duration of 3 seec, and probability
generators set at .10 and ,02 for RI 30-sec and RI 150-3ec
schedules, respectively. The component stimull employed in

the experimental phases are shown in Table 2.
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Phase 1

Cue White
Duration & Bec
Schedule Rl 150-sec
Phase 11

Cue Cross
Duration €& sec
Schedule RI 150-sec
Phase 111

Cue Red
Duration & sec
Schedule R1 150-sec
Fhase IV

Cue Red
Duration 6 sec
Schedule PRI 150-sec
Schedule R1 150-sec
Phase V

Cue Red
Duration 6 sec
Schedule RI1 150-sec
Phase VI

Cue Red
Duration & sec
Schedule RI 150-sec
Schedule RI 150-gec
Phase VII1

Cue Red
Duration 12 sec
Duration 18 sec
Duration 30 sec
Duration 6 sec
Schedule as Phase V1
Phase V111

Cue Red
Duration 6 sec
Schedule R1 150-sec

Table 2

Summary of conditions for Experiment 2

SEgUEhCE A

In'tl. Co.

Term. Co,

White
30 sec
R1 30-sec

White
30 sec
R1 30-sec

White
30 Bec
Ri1 30-ser

White

30 sec
Ext

Rl 30-sec

White
30 sec
R1 30-sec

White

30 sec

Rl 30-gec
Ext

White

30 Bec
30 sec
30 Bec
30 sec

as Phase VI

White
30 sec
R1 30-gec

Sequence B

In‘tl. Co.

White
6 mec
Rl 150-gec

Cross
& Bec
Rl 150-sec

Green
6 mec
RI 150-sec

Green

& EBec
Rl 150-sec
Rl 150-sec

Green
6 sec
Rl 150-sec

Green

6 sec
R1 150-BecC
RI 150-mec

Green
12 mec
18 mec
30 BecC
6 mec

as Phase VI

Green
6 sec
R1 150-8ec

White
30 sec
RI 30-smec

White

30 Bec

R1 30-sec
Ext

White
30 sec
Rl 30-sec

White

30 sec
Ext

R]1 30-sec

White
30 mec
30 mec
30 mec
30 mec

as Phase VI

White
30 sec
Rl 30-sec

Subjects

5.6,7.,8

5,6,7,8

5,6,7,8

5.,6,7,8

~I i
m o

5,6,7.8

5,6,7,8
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Resaults

With the introduction of an S-SR contingency (Phase IV
and VI), some birds displayed an increase 1n rate of
responding in the high-density sequence, Figure 4§ presents
mean response rates plotted over five-seasion blocks during
Phasea III, IV, and V for all birds, The format for this
figure 1is the same as that for Figure 1 of Experiment 1,

With an S-SR contingency in Phase 1V, only Bird 5 showed
an lncrease in response rate in the initial component of the
high~-density sequence (the following-high-density effect).
Although there was an RI 150-sec schedule of reinforcement
in the initlial component of each sequence, Birds 6, 7, and 8
demonstrated 1little responding during these components,
hence no reinforcers were earned. Response rate differences
were also observed in the terminal components. All birds
displayed higher rates of responding 4in the terminal
component of the high-density sequence than in the
low=-density sequence.

When the S-SR contingency was removed (Phase V),
response rates in the initial and terminal components
approximated baseline levels, Bird 5 continued to display a
higher rate of responding in both components of the sequence
which had contained the RI 30~sec schedule than in the
sequence which had contained the extincticon schedule in
Phase 1IV. Bird 6 continued to display a higher rate of

reasponding in the terminal component of the sequence which
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had contained the RI 30-sec¢ schedule than in the sequence
which had contained extinction in Phase 1V, In c¢omparisoh
with the data of Birds 2, 3, and 4 of Experiment 1, the
added schedule of reinforcement in the initial component of
each sequence did not serve to systematically strengthen
responding in the 6 sec initial component,

As the duration of the initial component increased, two
of the four birds displayed an increase 1in rate of
responding in the 1nitial component of the low-density
sequence which exceeded the value of the rate of responding
in the 4initial component of the high-density =sequence.
Figure 5 presents the mean response rates during the 1initial
component for the last ten sesssions of each manipulation of
the initial component duration.

As the initial component increased in duration to 12,
18, and 30 sec, Birds % and 6 displayed an increase in rate
of responding 1n the 1initial component of each sequence.
Response rates during the 1nitial component of the
low-density sequence were higher than those during the
initial c¢component of the high-density sequence (the
folloewing-low-density effect), When the initial component
was agaln 6 sec in duration, Bird 5 displayed an increase 1n
rate of responding in the 1initial component of the
high~density sequence, while Bird 7 displayed a reduction in
rate of responding in the initial component of the
high-density sequence, Birds 6 and 8 did not display any

change in rate of responding in the initial components.
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Figure 4. Rates

Phases III, IV, and V
rates during high-
the upper graphs, and

in the lower graphs.
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of responding for four birds during
of Experiment 2. Initial component
and low-density sequences are shown in
the terminal component rates are shown

Solid, vertical lines separate data

from successive phases,
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Figure 5. Mean response rates of the last ten sessions
of Phases VI and VII of Experiment 2. Each graph presents
one bird's rate of responding during the initial component

for each manipulation of the initial component duration.
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To determine whether differences in rates of responding
between sequencesa of the initial component were reliably
related to the duration of the initial component, the mean
response rates of the last ten sessions for each duration of
the d1initial component during Phases VI and VII were
subjected to a duration x sequence analysis of variance,
This analysis revealed no reliable effects, Differences 1in
the rates of responding observed at each duration of the
initial component did not differ significantly across all
durations of the 1initial component ( F(3,9) < 1.0).
However, only two of the four birds displayed substantial
rates of responding 1n the initial component of either
sequence (see Table E in Appendix).

Figure 6 presents mean response rate during both
components plotted over five-seasion blocks during Phases
VI, VII, and VIII, The format for this figure i3 the same
as that for Figure 3 of Experiment 1. As obaserved in Figure
5, Birds & and & demonstrated the following-low-density
effect when the initial components ware extended.
Interestingly, Bird 7 responded similarly to birds in
Experiment 1, displaying a higher rate of responding in the
initial component of the high-density versus the low-density
sequence as the 1nitial component duration increased,
Across asubjects, rates of responding during the terminal
component of each sequence showed no systematic change

across durations, With the inc¢rease in duration, rates of
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responding during the terminal component of the high-density
sequence were higher than during the terminal component of
the low-density sequence.

When the S-SR contingency was removed (Phase VIII), only
Birds 7 and 8 demonstrated a return to a baselline level
{Phase 1III} of responding during the initial and terminal
component of each sequence. Birds 5 and 6 only demonsatrated
a return to a baseline level of responding during the
terminal component of each sequence,. These birds continued
to display a higher than baseline rate of responding in the
initial component of each saeguence,.

In contrast to Birds 5 and 6, Birda 7 and 8 rarely made
contact with the RI 150-sec schedule 1in the initial
components (see Table G in Appendix)., During the last five
sessions of Phasesa V1 and VII, Birds 7 and 8 earned totals
of 19 and 3 reinforcers, respectively, in the initial
components. Whereas, in these same phases, Birds 5 and &
earned totals of 140 and 114 reinforcers, respectively, in
the initial components. When the duration of the initial
component was returned to 6 sec (Phase VII), Birds 5 and 6
continued to display higher response rates 1in the initial
component of the low~density sequence than in the initial
component of the high-densaity sequence, Hence, these birds
did not demonstrate a return of the fecllowing-high-density
effect. However, Birds % and 6 had also earned a greater

number of reinforcers in the initial components ac¢ross the
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different durations of these componentasa, During the last
five seasions of Phave VIII, Birds 5 and & earned a total of
13 and 15 reinforcer, respectively, in the 1initial
components, while in Phase IXI these birds earned a total of
3 and 2 reinforcers, respectively, in the initial components
during the last five sessions. Temporal patterna of
responding 1in the 1initial components are presented 1n
Figures 12 and 13 in the Appendix. These data have not

been reviewed in the text,
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Figure 6. Rates of responding for four birds durlng
Phases VI, VII, and VIII of Experiment 2. Initial component
rates during high- and low-density sequences are shown in
the upper graphs, and the terminal component rates are shown
in the lower graphs, Solid, vertical 1lines a3eparate data
from successive phases. Dashed, vertical lines separate

successive manipulations of the initial component duration.
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Discussicon

The results of Experiment 2 stand in opposition to those
of Experiment 1 and to those of Marcucella (1981) and Brown
et al, (1982). Whereas Experiment 1 demonstrated the
following-high-density effect and 1ts varlation with the
change 1n 1initial component duration, some birds in
Experiment 2 demonstrated both following density effects
with the same manipulation of c¢component duration. Birds §
and 7 demonstrated the following-high-density effect when
the initial component was relatively short, and Bilrds 5 and
6 demonstrated the following-low-density effect when the
initial component was extended, However, when the 1initial
component was returned to 6 sec 1n duration, none of the
birds demonstrated the return of the following-high- density
effect, Birds &% and 6 continued to demonstrate the
following-low~density effect.

As mentioned in the results of Experiment 2, the
insertion of the RI 150-sec¢c schedule of reinforcement 1in the
initial component did not serve to notably strengthen
responding 4in the 6 sec initial components; few reinforcers
were earned, Apparently, when the 1initial components were
short in duration, birdas did not make contact with this lean
schedule of reinforcement and possibly associated the
initial components with the absence of reinforcement. When

the 1initial components increased in duration, Birds 5§ and 6
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began to make contact with the reinforcement schedule in the
initial component. At the same time, rate of responding 1n
the 1initial component of each sequence increased, with the
increase 1n the initial component of the low=-density
sequence exceeding that 1in the 1nitial component of the
high-density sequence (the following-low-density effect),
The fact that the following-low-density effect appeared when
the birds earned a substantial number of reinforcers in the
extended initial components suggests that the presence of a
nonzeroc schedule of reinforcement, along with c¢omponent
duration, may co-determine the type of following density
effect.

A review of the procedure used might explain why only
two of the four birds demonstrated both following- high- and
low-density effects, The temporal separation procedure
might be <c¢onsidered a three component multiple schedule
since there are only three-component cues--red, green, and
white. The lack of a following-low-density effect for two
birds implies that the duration and type of reinforcement
schedule 1in the target component might not be the only
factors responsible for the following-low-density effect,
Williams (Experiments 2 & 3, 1979) and the present
Experiment 1 demonsatrated the following-high-denaity effect
when the followling components were both associated with the

same cue, However, Willlams consiastently demonstrated the
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following-low-density effect when all components were
differentially cued, It i1a apparent that another
possibility for the lack of the following-low-density effect
for two ©birds 1n Experiment 2 as well as the discrepancy
between the twoe following density effects may be the

presence versus the absence of differential stimuli in the

terminal components of each sequence in the temporal
separation procedure, Hence, the presence of a nonzero
schedule of reinforcement in the target components, the

duration of the target components, and the presence/abaence
of differential stimulil in the terminal components may all
determine the type of following density effect.

The addition of differential stimulil in the terminal
components to the temporal separation procedure, as employed
in Experiment 2, makes the upcoming Experiment 3 similar in
procedure to other multiple schedule paradigms, especially
Williama (1979). Experiment 3 also investigated the
influence of component duration as a determining factor in
the type of following density effect obtained. The quesation
railsed is whether response rates in the target components
would be systematically affected by the change in initial
component duration. Also of interest 1is whether the
presence of a nonzero schedule of reinforcement in the
target components and the presence of differential stimuli
in the followlng components also influence the type of

following denaity effect obtained,.



EXPERIMENT 3

Method

Subljects

Four naive adult White Carneaux pigeons served as
subjects in the present study. All birds were maintained at
80% of their free-feeding weights throughout the experiment.

Water and grit were always avallable in their home cages.

The apparatus was the same as in Experiments 1 and 2.

The procedure was the same as in Experiment 2 with one
exception. During Phase IlI, each saquence was
differentially cued by red and green keylighta during the
initial component. The white keylight remained the cue for
the terminal component of each sequence. However, after the
first five sessions following the introduction of the
colored keylights in the initial components, an additional
set of colored keylights was introduced 1in the terminal
components of each sequence, For these subjects, sequences
were differentially cued by red and green keylights during

the initial components, and by blue and yellow keylights
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during the terminal components, Thus, each component of a
sequence was differentially cued. Initially, all subjects
displayed a response bias in favor of the yellow and green
cues, although there had been no change 1n reinforcement
schedules during this phase, For this reason a white
circle was projected onto the blue keylight in crder to
brighten this cue, With this change three out of the four
animals recovered their non-differential response rates
within the 1initial component and within the terminal
component of each BsBequence. Only Subject 11 continued to
display a higher response rate during the green-yellow cued
sequence, Subjects were exposed to this sequence of stimuli
for 30 sessions; a total of 35 sessions for Phase III (as in
Experiments 1 and 2)}. The component stimull ewmployed in the

experimental phases are shown in Table 3.
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Seguence

In*tl. Co.
Phase 1
Cue White
Duration 6 sec
Schedule RI 150-sec
Phase I1
Cue Cross
Duration & Bec
Schedule R1 150-sec
Phase 111
Cue Red
Duration 6 sec
Schedule RI 150-sec
FPhase IV
Cue Red
Duration & mec
Schedule RI 150-sec
Schedule R1 150-sec
Phase V
Cue Red
Duration 6 sec
Schedule R} 150-sec
Phase V1
Cue Red
Duration & sec
Schedule R]I 150-sec
Schedule R]1 150-sec
Fhase VII
Cue Red
Duration 12 sec
Duration 1B sec
Duration 30 sec
Durat ion 6 mec
Schedule as Phase VI
Phase VI]1
Cue Red
Duration 6 sec
Schedule R1 150-sec

Table 3

Summary of Conditions for Experiment 3

A
Term. Co.

White
30 mec
R1 30-sec

White
30 mec
R1 30-sec

Blme
30 sec
R1 30-sec

Blue

30 sec

R1 30-sec
Ext

Blue
30 sec
RI 30D-sec

Blue

30 mec
Ext

R1 30-sec

Blue

30 sec
30 sec
30 secC
30 sec

as Phase V]

Blue
30 sec
R1 30-sec

Sequence B

In*tl. Co. Term. Co.
White White

6 sec 30 sec

Rl 150-sec R1 30-mec
Cross White

6 Bec 30 sec

RI 150-mec RI 30-sec
Green Yellow

& mec 30 sec

RI 150-sec Rl 30-gec
Green Yellow

6 EecC 30 sec
Rl 150-gec Ext
R1 150-sec Rl 30-sec
Green Yellow

& sec 0 sec
Rl 150-sec R 30D-sec
Green Yellow

6 sec 30 mec
RI 150-sec Rl 30-mec
RI 150-sec Ext
Green Yellow
12 gec 30 sec
18 sec 30 sec

30 gec 30 sec

6 sec 30 smec

as Phase VI

Green
& mec
RI 150-sec

as Phase VI

Yellow
30 mec
Rl 30-sec

Subjects

9,10,11,12

9,10,11,12

9,10,11,12

9,10
11,12

9,10,11,12

9,10
11,12

9,10,11,12

9,10,11,12
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Results

As 1n Experiments t and 2, the introduction of an S-SR
contingency led to higher rates of responding in the initial
component of the high-density sequence than in the initial
component of the low-density sequence, Figure 7 presents
mean response rates plotted over five-session blocks during
Phases III, IV, and V. The format for this figure 1is the
same as that for Figure 4§ of Experiment 2.

With the introduction of an S-SR contingency in Phase
Iv, all birds demonatrated the following~high-density
effect, Additionally, all birds displayed higher rates of
responding in the terminal component of the high-density
sequence than 1in the terminal component of the low-denalty
sequendce,

When the S-8R contingency was removed in Phase V, Birds
9 and 10 demonstrated a return to baseline rates of
responding,. Birdas 11 and 12 continued to display higher
rates of responding in the sequence which had contained the
Rl 30-sec schedule in Phase IV, Of special note is that all
birds earned larger tcotals of reinforcers in the 1initial
components during Phases IV and V than during Phase III (aee
Table H 1n Appendix}. The lack of a recovery of baseline
levels of responding 1in the initial components suggests

control by the increased exposure to the RI 150-sec achedule

of reinforcement.
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Figure 7. Rates of responding for four birds during
Phases III, IV, and V of Experiment 3. Initial component
rates during high- and low-density sequences are shown 1in
the upper graphs, and the terminal component rates are shown
in the lower graphs. Solld, vertical lines separate data

from successlve phases,
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When the initial component duration was extended, higher
rates of responding occurred in the initial component of the
low-density sequence than in the initial component of the
high-denasity sequence,. Figure 8 presents the mean response
rates during the initial component for the last ten seasions
of each manipulation of duration.

As the duration of the initial component increased fronm
6 to 12, 18, and 30 3ec, all birds displayed an increase 1in
rate of responding 1in the 4initial component of the
low-density sequence to a value that exceeded the rate 1in
responding in the initial component of the high~density
sequence (the following-low-density effect).

When the 1initial component was 12 sec 1in duration,
initial component rates of responding for all ©birds became
more similar. That is, the magnitude of the
following-high-density effect, observed at 6 sec, appeared
to diminish., The following-~high-density effect, observed at
& and 12 sec, was statistically reliable, as shown by a t
test on the difference scores for response rates in the
target componenta ( t{(3) = 4.10; p< .05). When the initial
component was longer in duration (18 and 30 sec), rates of
responding in the 1initial component of the high- and
low-density sequences increased, However, rates of
responding 1in the initial component of the low-density

sequence were higher than in the initial c¢omponent of the
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high-density sequence (the following-low-density effect).
The following-low-density effect, observed at 18 and 30 sec,
was statistically reliable, as shown by a t test on the
difference acores for response rates in the target
componenta ( t(3) = 3.35; p <K.05). When the initial
component was agaln 6 sec in duration, all birds continued
to respond in the initial component of each sequence, but
only Birds 11 and 12 displayed an increase in response rate
in the initial component of the high-density sequence.

As 1n Experimentas * and 2, the mean response rates of
the last ten sesslons of each duration of the initial
component during Phases VI and VII were sudbjected to a
duration x sequence analysis of variance. There was a
reliable main effect of sequence; rates of responding
between sequences of the initial component were reliably
different (F (1,3) = 27.33; p < .01). The analysis also
revealed a significant duration x sequence interaction.
Differential rates of responding in the initial component of
the high~ and low-density sequences were relliably different
at each initial component duration (F (3,9) = 13.73; pn <
L0011}, When the initial component was extended, the mean
response rate in the initial component of the low-density
sequence was higher than the mean response rate in the
initial component of the high-density sequence (see Table F

in Appendix).
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Figure ¢ presents mean response rates during both
components plotted over flve-sesasion blocks during Phases
Vi, VII, and VIII. The format for this figure is the same
as that for Filgure 6 of Experiment 2. As mentioned
previcously, all birds demonstrated the following-
low~density effect when the initial component was extended.
However, rate of responding during the terminal component of
each sequence was unaffected by the change in 1nitial
component duration, When the Initial component was returned
to 6 sec in duration, Birds 11 and 12 displayed the return
of the following~- high-denaity effect, and Birda 9 and 10
continued to display the following-low-density effect.
There was no difference in the total number of reinforcers
obtained 1in the initial components across birds which could
have accounted for the difference in recovery rates of
responding among birds (see Table H iu Appendix).

When the S-SR contingency was removed (Phase VIII), only
Birds 1M and 12 approximated a return to baseline levels
(Phase III) of responding 1in the 1initial and terminal
component of each sequence. Birds 9 and 10 maintained
differential resaponding 1in the initial components, but
approximated return to baseline levels of responding during
the terminal component of each sequence. of note iz that
Birds 9 and 10 earned totals of 8 and 9 reinforcers,

respectively, 1n the initial components during the last five
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sessions whereas

sesslions III these birds only earned totals of

and 4 reinforcers, respectively, in the initial c¢components,

these birds earned the expected number of reinforcers
9) during Phase VIII, but not during
Temporal patterns of responding in the initial

components are presented Figures

Appendix. These data are not reviewed 1n the text.
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Figure 8. Mean response rates of the last ten sessions
cf Phases VI and VII of Experiment 3. Each graph presents
one bird's rate of responding during the initial component

for each manipulation of the initial component duration.
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Figure 9. HRates of responding for four birds during
Phases VI, VII, and VIII of Experiment 3. 1Initial component
rates during high- and low-density sequences are shown 1in
the upper graphs, and the terminal component rates are shown
in the lower graphs. 5011d, vertical 1lines separate data
from successive phases, Dashed, vertical lines separate

successive manipulations of the initial component duration.
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Discussion

The rasults of Experiment 3 taken together with those of
Experiments 1 and 2 demonstrate that there are two factors
which can account for the direction of the following density
effect, The schedule of reinforcement operating in the
initial component and the duration of the initial component
appear to contribute to the type of followling density effect
obtained. In Experiment 1, with extinction schedules in the
initial «c¢omponent and no differential stimull in the
terminal components, the magnitude of the
following-high-denaity effect varied with the duration of
the initial compohnent, In Experiment 2, with a nonzero
schedule or reinforcement in the initial component and no
differential stimuli in the terminal components, the
following-high-density effect was observed for only two
birds when the 6 sec¢c 1initial component was presented,
However, only two of the four birds demonatrated the
following-low-density effect at long durations, Finally, in
Experiment 3, with a nonzeroc schedule of reinforcement in
the 1initial component and differential stiwmuli in the
terminal components, the following~high-density effect
occurred at the 6 sec initial component, but the
following=low~denaity effect waa obaerved at longer

durations.
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The demonstration of the following-high-denaity effect
at the short duration o¢f the 1initial component, across
Experiments 1, 2, and 3, 1s «consistent with the data of
Brown et al, (1982) and Marcucella (198t). Brown et al.
and Marcucella both observed higher rates of responding
during a target component which was followed by a component
assoclated with a nonzero schedule of reinforcement than
during a target component which was followed by a component
assoclated with extinction, Whereas Brown et al, and
Marcucella were able to demonstrate the replicability of the
following-high-density effaect, only 1in Experiment 1 was this
effect able to be recovered at the return to 6 sec recovery
point. However, only in Experiment 1 did the
following-low-density effect fail to appear, Birds in
Experiments 2 and 3 demonstrated the followlng-low=-density
effect at the extended durations, but most of these birds
faliled to demonstrate a return of the following-high-density
effect when the initial component was returned to 6 sec,
The difference between the following-high and -low-density
effects, obtained at long durations as well as at the 6 sec
recovery point, suggests that the presence of reinforcers in
the 1nitial component was an important determinant of the

following~low-density effect.
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General Diacussion

Experiments 1, 2, and 3 present a syatematic unravelling
of the factors which were resaponsible for the type of
following density effect obtained. The duration of the
initial component and the schedule of reinforcement in the
initial component appear to Jjointly determine the type of
following density effect obtained.
Ihe Following Denaity Effects

Across all three experiments, only the
following-high-density effect was observed when the target
component was 1nitially 6 sec 1in duration, This effect
evaluated 1in Phase VI, was statiatically reliable for
Experiments 1 and 3, as shown by separate t tests on the
difference scores for response rate in the target components
(Experiment 1 t{3) = 3.20, Experiment 2 t{(3) < 1.0, and
Experiment 3 t(3) = 3.93, p <.05). This sequential effect
was demonstrated at the short duration, eventhough the type
of reinforcement schedule in the target components and the
presence versus the absence of differential atimuli in the
terminal components were different among experiments. Brown
et al. (1982), Marcucella (1981) and Williams {(1979) also
demonatrated the following-high-density effect with
differences 1in procedures, Brown et al. and Marcucella
observed the following-high-density effect when target

components were associated with extinction and were short in
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duration (e.g. 1.9 or 4 sec). Williams observed the
following-high~density effect when all components were short
but equal 1in duration, the target components contained
nonzero schedules of reinforcement, and the terminal
components were not differentially cued.

When the target ccmponents were 1increased 1in duration,
the three experiments revealed differences in the behavior
occeurring in these components, Therefore, the mean response
rates of the last ten sesaions for each duration of the
initial component during Phases VI and VII of Experiments 1,
2, and 3 ware subjected to a duration b ¢ sequence X
experiment analysis of variance, This analysis revealed a

aignificant three-way 1interaction ( F(6,27) 2.56; p <

.05). Among experimentsa, differential rates of responding
in the 1nitial component of the high- and low=density
sequences differed reliably with the change in 1initial
component duration. Figures 2, 5, and 8 demonsatrate the
differences in reaponse rates in the {1nitial component
between sequences across the various durations of the
initial component. However, as indicated 1in the results
sections, different patterns of responding were reliable in
Experiments t and 3 in their analyses of variance, While
the data of Experiment 1 demonstrated the
following~high-density effect and its diminution with the

increase 1in component <duration, the data of Experiment 3
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demonstrated the diminution of the following-~high-density
effect and the appearance of the following-low-density
effact with this 1increase 1in component duration. The
following-low-density effect was also observed at the long
durations for two birds of Experiment 2, but this effect
never appeared in Experiment 1.

The appearance of the following-low-density effect in
Experiments 2 and 3 but not in Experiment 1 suggesats that
the reinforcers earned in the target components played an
important role in the following-low-density effect, At the
extended durations (18 and 30 sec), birds made contact with
the reinforcement schedule in the target components, and at
the same time, rates of responding in the target components
increased. Consistent with this finding, Williams (1979)
also obaerved the following-low-densaity effect in target
components which contained a nonzero achedule of
reinforcement,. When the target components were shortened to
6 sec in duration, rates of responding in these components
did not consistently return to the response rates observed
prior to the duration manipulation (Phase VI). Since target
component response rates in Experiment 1 did demonstrate the
return of the following-high-density effect and the target
component response rates in Experiments 2 and 3 did net
demonatrate a return of this effect, the increased exposure

te the presence of reinforcers in the target compohents,
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across durations, appears responsible for the maintenance of
tha following-low-density effect 1in Experimenta 2 and 3.
Further support for the role of reinforcers in the target
component 1s alsoc 1indicated when the S-SR contingency was
removed in Phase VIII. Ratesa of responding 1in the target
components in Experiments 2 and 3 did not return to baseline
response rates observed prior to any manipulation, 1.,e.
Phase III,.
Implications of the Following Denalty Effects

The present results provide an opportunity to reconcile
the different sequential effectas observed in multiple
achedule paradigms (e.g. Brown et al., 1982; Farley, 1980;
Marcucella, 1981 ; Williams, 1979). The
following-high-density effect reported by Brown et al. and
Marcucella, was replicated by the present Experiment 1 and
was demonstrated to be dependent upon the duration of the
target component, Another moderator of the
following-high-density effect appears to be the presence of
reinforcers in the target components. This latter
conclusion 18 supported by an examination of the pattern of
results at the various exposures to the 6 sec duration of
the target component when an S-SR contingency was present
(i.e. Phases IV, VI, and VII).

Across experiments, either the followlng-high-density

effect, or no effect was evident in the first two of these
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phases, However, under the final condition (Phase VII),
both the following-high-density effect and
following-low-density effect were observed, It should be
acknowledged that there were at least three factors which
differentiated the final é sec condition from the preceding
6 se¢c conditions. First, between the two c¢onditions birds
in Experiments 2 and 3 acquired a history of exposure to an
increased rate of reinforcement in the target componants,
Second, under the final 6 3sec condition, there was a
somewhat higher prevailing rate of earned reinforcement 1n
the target components in Experiments 2 and 3 {(see Tables G
and H). Third, the following-low-density effect was
observed, at extended duratlions ¢of the target components, in
Experiments 2 and 3 prior to the final 6 sec condition,
This third factor suggests that the failure to recover the
following-high-density effect, by some birds, reflectas
non-asymptotic performance, However, a review of the data
suggests that this explanation ia not by i1tself an adequate
account, At the final 6 sec condition (Phase VII), birds in
Experiment 1 did recover the focllowing-high~densjity effeact,
Birds 5 and 6 in Experiment 2 and all birdas in Experiment 3
appeared to demonstrate stable performance in the target
components, Thus, it appearsa that the presence of earned
reinforcers in the target c¢component is i1gplicated as a
determining factor for the type of following density effect

obaerved.
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The pattern of resulta obaserved in the present
investigation bears some similarity to the data presented by
Woodruff et al. (1977). 1In their investigation, keypecking
rate in a two-component multiple schedule was demonstrated
to be sensitive to the manipulation of S-SR and R-SR
relations, The differential effects of an S-SR relationship
were influenced by the strength of an R-3R relationship, and
vice versa. In the present investigation, the 5-5R
contingency effects diminished with the increase in target
component duration. The S-SR contingency effects also were
weakened by the presence of an R~=SR contingency in the
target components, That is, in the present atudy, with an
S-5R contingency and no reinforcers present in short target

components, the following-high-density effect was obaerved

(e.g. Experiment 1). With an S-SR c¢contingency and
reinforcers present 1in short target components, no
consistent affect was obaerved (e.g. Experiment 3),

However, this analysis in terms of competition between S-SR
and R-SR relations cannot explain all of the present data,
notably the following-low~density effect.

Although there does not seem to be a satisfactory simple
explanation for the following-low-density effect, the
present inveatigation provides some important new
information. The appearance of the following-~low-density

effect was dependent upon the presence of earned reinforcers
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in the target components; this sequential effect was only
observed 1in Experiments 2 and 3, not in Experiment 1, The
following-low~density effect was also observed to be weakest
when the effects of the S-SR contingency between the target
component cues and the reinforcement schedule 1n the
terminal components were demonstrated to be strongest, 1l.e.
at short durations of the target component,

The above observations suggest that the sequential
information provided by target component cues exerclses
separate and opposite effects on behavior in the target
components, These followling density effects varied as a
function of both the rate of reinforcement in, and the
duration of the target components, The sequential effect
which occurs under a particular set of parameters may be
undarstood as resulting from an interaction of these
factors.

While the data of Experiment 2 appears to be somewhat
anomalous, Birds 5 and § did respond similarly to birds in
Experiment 3. Although the followlng components were uncued
in Experiment 2, a correlation based on sequential cues was
possible s3ince there was strict alternation of sequences,.
Birds 5 and 6 appeared to be able to learn the alternation
of high-density (RI) and low-density (Ext) reinforcement
schedules in the following components, while the data of

Birds 7 and 8 auggest that these birds were inaensitive to
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theae sequential regularities. Target component response
rates of Birda 7T and 8 were low and were not consistently
related to the value of the following schedule. Birda 7 and
8 also displayed smaller differences in response rates 1in
the terminal component of each sequence than other birds in
comparable stimulus conditions (i.e. Experiments 1 and 2).
Ihe Relative Delay Hypotheais: An Interpretation of

the Following Density Effect
A plausible interpretation of the following-high-

density effect was suggested by Brown et al. who stated that
responding during the target component was dependent upon
the relative delay to reinforcement signaled by each
component cue, 1l.e. an S-3R contingency. Higher rates of
responding were cobserved during the initial component which
was associated with the shorter delay to food. Uasing choice
procedures, Fantino (1977) has also ashown that behavior
during the initial links 13 dependent upon the reduction in
delay to reinforcement associlated with each cholce
alternative. Therefore, the relation between response rate
and relative delay to reinforcement was also examined in the
present investigation, The relative delay to reinforcement
was calculated as 4in Brown et al.. That 13, the time
elapsed from the onset of an initial component and the next,
single reinforcer occurrence, was determined for all

presentations of each of the two initial components in a
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session. The relative delay was <calculated as the mean
delay from the initial component in the sequence designated
as high-density in Phasesa VI and VII, divided by the sum of
the mean delays from both 1initial components, Any
reinforcers earned subseguent to the first in a component
were ignored. The relative rate of respconding was computed
as the response rate in the initjial component of the
high-density sequence divided by the sum of the response
rates in the initial component of each sequence, Both
measures were calculated for the last ten sessions of each
duration of the initial component { see Tables A, B, and C,
in Appendix). As observed by Brown et al,, differential
responding during the 6 sec 1initial component between
sequences was related to the relative delay to reinforcement
{(see Tables A, B, and C in Appendix). 1In Phase VI, higher
rates of responding were observed in the initial component
associated with the shorter delay to food. When the initial
component duration was increased in the present study, the
S-SR contingency expressed in terms of relative delay to
reinforcement does not provide a satiasfactory explanation of
the present data. An examination of Tables A, B, and C in
the Appendix i1llustrate only small and inconsistent <c¢hanges
in the relative delay to reinforcement associated with the
initial component cue of the high-density sequence as the

initial component 1inereased 1in duration, Moreover, there
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was no ccocnslistent relation between the relative delays ¢to
reinforcement and the relativae response rates. At long
durations, the relative delays to reinforcement in
Experiments 2 and 3 were consistently below .5 (Tables B and
c). According to the relative delay model, the
following-high-density effect would be expected to be
maintained at l1ong durations. However, at longer component
durations birds make contact with the reinforcement schedule
in the target component and a competition between following
density effects may occcur. Although differential responding
during the target components can be discussed in terma of
the relative delays ¢to reinforcement signaled by each
component cue, how this S-SR contingency operates across the
different experimental paradigms remains unclear,
Lonclusion

The present investigation demonstrated that the duration
of the target components and the schedule of reinforcement
in the target components were important determinants of the
type of following density effect obtalined. This
investigation further suggests that analyses of seguential

effects must consider the interaction of these factors.
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Relative Reaponse Rates,

Table A

Absolute Delays,

Relative Delays for Experiment 1

and

T2

Subject  Phase Relative Rate DelayH DelaylL DelayR

1

DelayH
DelaylL
DelayR

I1I(6sec)
ViI(6sec)
VII{t2sec)
(18sec)
(30sec)

(6sec)

III{6aec)
VI(6sec)
VII{12sec)
{18aec)
{303ec)

(6sec)

III(bsaec)
Vi(6asec)
VII(t2sec)
(18aec)
(30sec)

(6sec)

III{68ec)
Vi{6sec)
VII{12sec)
(18sec)
{30sec)

{(6sec)

.50
-96
-95
.99
.94
+99

.50
.97
.93
n96
«93
-98

.48
- T1
.99
.99
'95
.99

.39
1.0
1.0
1.0
.99

00

37.6
56 .8
70.1
95.7
124.2
64.9

37.4
56.3
79.4
88.2
107.2
60.2

37.2
62.6
70.1
82.5
101.4
58.2

40.7
58.3
T1.7
91.0
t17.4
58.7

ko .7
90.3
110.7
142.3
t82.6
99.3

39.3
30.3
121.9
133.4
165.8
9”.7

34.8
96 .0
110.9
128.9
158-5
92.7

38.8
92.5
113.3
118.9
180.7
93.3

absolute delay in the high-density sequence
absolute delay in the low-density sequence
relative delay in the high-density sequence

.48
-39
039
.40
U1
40

.49
-38
-39
.40
+39
-39

.52
-39
-39
-39
«39
«39

-51
-39
-39
43
«39
<39



Relative Response Rates,

Table B

Abaolute Delays,

Relative Delays for Experiment 2

and

73

Subject Phase Relative Rate Delavyi DelaylL Delayl

5

DelayH
DelaylL
DelayR

u wn

ITI(6sec)
VI(6sec)
VIiI(12sec)
{18sec)
({30sec)

(6sec)

III(6sec)
VI{(6sec)
VIiI{123ec)
(18sec)
(30sec)

(6sec)

III{6sec)
VI(63ec)
VIiI(12s8ec)
(18sec)
(303ec)

(6sec)

II1(63ec)
VI(6sec)
VII(12sec)
(18sec)
{30aec)

(6sec)

Y
.81
.04
.23
.22
.31

.46
.57
.22
.37
e
L4

.56
.99
+ 91
1.0
-99
1.0

.50
«99
.96
.80
- T4
.95

40.6
62.1
58.8
79.9
78.8
53'3

4g0.2
96 .2
90.5
107.0
116.5
84.7

36.3
95.5
86.5
110.3
116.3
80.3

35.3
97.8
113.3
156 .4
156.3
89.5

34.7
103.9
t22.2
150.0
173.9

$7.3

absolute delay 1n the high-density sequence
absolute delay in the low-density sequence
relative delay in the high-density seguence

.50
+39
-39
43
LU0
-39

49
039
41
<41
<31
.38

«50
<40
LU0
LU0
.38
038

.50
40
<39
U1
40
40



Relative Response Rates,

Table C

Absolute Delays, and

Relative Delays for Experiment 3

74

Subject  Phase Response Rate DelayH Delayl DelayR

9

10

i1

12

DelayH
DalayL
DelayR

III(6s8ec)
Vi(6sec)
VII(12sec)
(t8sec)
(30sec)

(6aec)

III{(6sec)
Vi(6sec)
VII{(t2sec)
(183eac)
(30s8ec)

(6sec)

III(63ec)
VI(6sec)
VII(12sec)
(18sec)
(308ec)

(6sec)

III{Gsec)
VI(6sec)
VII(t2sec)
(18sec)
(30sec)

(6sec)

42
.98
.62
- 31
48
JUH

«57
096
.95
.50
<43
A7

45
.98
.92
A7
45
73

.63
.99
.54
by
Aah
.58

35.3
53-0
66.1
63.3
81.3
56.9

30.8
52.7
75.8
65.2
86.4
56.0

40.0
56.0
T4.3
78.5
84.3
63.6

40 .1
56 .5
67.1
72.5
84.2
67.8

35«6
87.4
99.3
100.7
116 .6
89.1

33.7
88.0
121.4
103.1
113.0
87.6

41.8
89.9
114.0
115.5
122.1
96 .2

§1.2
90.8
104.0
106.7
118.5
94.7

absolute delay in the high-~density seguence
absolute delay 1in the low-density sequence
relative delay In the high-densaity sequence

050
.38
40
.39
<41
+39

48
«37
.38
-39
43
+39

49
038
<39
41
<41
40

-50
038
-39
A1
42
42



Table Db

Mean Response Rate Across Subjeots During tha

Initinl Component of the High-

and Low-Danslty

Segquences of Exparimsnt 1

Durationo High-Dansity S3equancs Low-Density
Maan 5.Db. Mean

6 seo 25.9%0 19.25 .91

12 sao 15.09 12.62 -T9

18 sec 8.12 9.33 24

30 sec .89 T.06 N1

& assc 18.10 13.11 17

Sequenos
5.0,
.87
1.10
.46
+55
13

75



Table I

Hean Response Rate Acroass Subjeots During the
Initial Component of the High- and Low=-Denaity

Sequenceas of Experisent 2

bDurstien High-Density Segquanoe Low-Dsneity Ssquence
Hean 3.D. Hesbd 3.D.

6 meo 5.67 .93 .30 Y

12 asco 2.32 2.32 16 .81 32.67

18 asc 20.01 26 .15 28.19 JB.16

30 sac 23.87 28.57 30.75 38.04

& sec 24.27 24.86 N1.62 51.78



Table F

Hean Reaponse Rate Acroass Subjeocts During the

Initial Component of the High-

and Low=-Denasity

Sequences of Expariseant 3

Duration

Maan
6 sec .54
12 aec 26 .68
18 wmec L X ]
30 aeo 49,23
& sec 59.68

High-DPensity Sequance

5.D.
23.5%
11.68
14.60
10.62

15.80

Mesan
1.07
11.86
59.18
57.15
55.08%

S.0.
1.18
16.20
15,18
21.0
25.08

77

Lov-Denaity Saquence



Teble G
Number of Reinfercers Earped in the Target Component
of mach Sequsnce in the Last Five Sesaicaos of wsach Phane

in Experiment 2

Birds
Rhasra 5 b 1 a
111
High~depsity 1 1 1] 0
High-denaity 2 1 1 0
Iv
High-denaity & 6 1 2
Lov~-denaity 3 0 0 o
¥
High-denaity 4 5 1 F4
High-density 9 & 5 [+]
V1
High-denaity [ 5 2 1
Low=denaity )] 0 0 4]
¥I1X{12 smsec)
High-denaity 9 | 1 1]
Low—-denaity 21 9 Q o
VII(18 ssc)
Bigh-denaity 20 20 1 ]
Low~densality 25 23 0 0
Y11(30 sac)
High-deansity 27 26 15 1
Lov-density 17 18 0
YII(E6 sec)
High-density T L] o a
Low-denaity & 5 0 [}
Y111
High-density 5 T 1 0

High-dansity 8 a8 9 o



Tabla H

Numbar of Reinforcers 1in the Target Components

of wsach Sequence for the Last Five Seanions of asch Phase

Rhanes

111
High~deneity
High-dennity

1Y
High-denalty
Low~denaity

v
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Figure 10, Rates of responding for four birdas 1n the
firast 3 aec bin and the last 3 sec bin of the initial
component of each sequence for the last ten sesaions of
Phases III, Iv, and V of Experiment 1. S0lid, vertical

lines separate data from succesasive phases,
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Figure 11. Rates of responding for four b'’rda in the
first 3 sec bin and the last 3 sec bin of the initial
component of each sequence for the last five sessions of
Phases VI and VII of Experiment 1. Solid, vertical lines
separate data from successive phases,. Dashed, vertical
lines separate successive manipulations of the initial

component duraticon.
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Figure 12. Rates of responding for four birdas 1in the
first 3 sec bin and the 1last 3 sec bin of the injitial
component of each sequence for the last ten sessions of
Phases 1III, Iv, and V of Experiment 2. Solid, vertical

lines separate data from successive phases,
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Figure 13. Rates of responding for four birds 1in the
firast 3 sec bin and the last 3 sec bin of the initial
component of each asequence for the last five sessaions of
Phases VI and VII of Experiment 2. Solid, vertical lines
separate data from successive phases. Dashed, vertical
lineas =separate successilve wmanipulations of the 1initial

component duration.
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Figure 14, Rates of responding for four birda in the
first 3 sec bin and the last 3 sec bin of the initial
component of each sequence for the last ten sessions of

Phases III, Iv, and V of Experiment 3. S0lid, vertical

lines separate data from successive phases,
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Figure 15, Rates of responding for four birda in the
firat 3 seq bin and the 1last 3 sec bin of the initial
component of each sequence for the last five sesslons of
Phases VI and VII of Experiment 3. Solid, vertical lines
separate data from successive phases, Dashed, vertical
lines separate successive manipulations of the 1initial

component duration.
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