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ABSTRACT

On Some Determinants of Behavioral Contrast

by
Donald M. Wilkie

The conditions responsible for the behavioral contrast which

typlcally occurs during differential reinforcement in multiple sched-

. ules were investigated in two sets of experiments, Several rats and

a8 pigeori served as subjects. The first set of experiments dealt with
the §uéstion of whethef a reduction in the rate of responding in one
component of a muitiple schedule, apart from any reduction in rein-
fbrce;nént frequency, would produce behavioral contrast in the other

component, When response rate was reduced and reinfércement frequency

" held constant by delivering reinforcement in one component of a mul-

tiple schedule independently of responding, no behavioral contfast
was observed in the othér component, This finding demonstrated that
a reduction in the rate of responding in one component of a multiple
schedule is not a sufficient coﬁditioh for the occurrence of behév-
joral contrast, It was also found in the first set of experiments
that a reduction in the reinforcement frequency in one component of
a mulfiple schedule was a sufficient condition for the occurrence of

behavioral oont_rast.

' The second set of experiments dealt with the question of whether

‘a reduction in either response rate or reinforcement frequency in one

component of a multiple schedule is a necessary condition for the

vi




: oécurrence of behavioral coﬁtrast._Whenvreinforcement in one compon-
ent of a multiple schedule was briefly delayed, behavioral contrast
was observed in the other componenf of‘the multiple schedule, The
' behavioral contrast occurred despite the-fact that there was no gen-
veral deérease in response rate inrthe délay component..This.finding
yéuggests that a reduction in réSponse rate in oﬁe'componéni of a mul-
tiple scheduie is not a necess#ry_cqnditibh for tﬁe oceurrencevbf‘be-
'havioral contrast, Some evideﬁce sﬁggestihg'that a decrease in rein-
forcement frequency invoneugomponent of a multiple schedule may n§t
‘be necessary for the occufrence éf behévioral contrast was also found.
The‘resulfs of thése ex@eriments;sﬁggest‘that the change to a
lessvpreferred condition in one comﬁonent of a multiple schedule is
sﬁfficient and hecessary‘to produce behavioral contrast in the other
compohent..Béhavioral contrast,was,obéervéd in the present experiments
only when ﬁhé conditions in one compénént of a multiple schedule ﬁere,
less preferred, as measured in a choice situation, to the conditions

prevailing in the other component.
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CHAPTER T INTRODUCTION

1. Behavioral contrast.

The establishment of stimulus cohtrol 1 over an operant behavior
through differential reinforcement is sometimes accompanied by an in-
creased rate of responding’dnring‘the stimulus correlated with rein-
‘fb?cement.”This"increased'rate'bf'respbnaingwis*cEIlea“"béhaVibfél
‘contrast® 2 (Eeynolds, 1961a). As an example of this effect, suppose
- that a pigeon was reinforced occasienally in the presence of two stim-
uli (51 and S2} which were presented successively, If reinforcement
- Was subSequentLj made no longer available during one of the stimuli
(s2), the following'wbuldktypically occur, First, the rate of respond-
ing during SZ.Wbuld decrease to a low level, If this occurred and the
| bird eontinued to respond during S1, it could be said that the bird's
reSpendlno was under stimulus control, Alternatively, it could be said
that = dlscrlmlnatlon between Si and 52 had been formed or that the
bird was diseriminating S1 from S2. Second, the rate of responding

during S1 would increase above the level prevailing when both Si and

1 Stimulus control (Terrace, 1966) refers to the relationship between

antecedent stimuli and the probability of a conditioned response., Con-
trol by a stimulus is measured by the extent to which the probability
of responding covaries with changes in the value of the stimulus on
some continuum - the greater the correlation, the greater the degree
of stimulus control.

The concept of stimulus control is similar to the traditional con-
cepts of diseriminastion and generalization, However, the traditional
terms have connotations not implied by the term stimulus control(Ter-
race, 1966; Gilbert, 1969). While both stimulus control and discrimine
ation-generalization will be used interchangeably in the present paper,
only the meaning of the former is intended,

2 Effects similar to behavioral contrast have also been noted in res. - -

.pondent conditioning (Pavlov, 1927), runway experiments (eg. Amsel and
Rousell, 1952), sensory systems (e.g. Ratliff et al, 1963), and in pun-
ishment studies (e.g, Azrin and Holz, 1966) _
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S2 were associated with reinforcement. This increased rate of respond-
ing during S1 is called behavioral contrast, Figure 1 illustrates the

behavioral contrast effect,
| A
Figure 1., Hypothetical data which
illustrate behavioral contrast, Re-
..Sponding. is originally reinforced
in both S1 and S2, When reinforce-
"ment is no longer available during
S2, the rate of responding during
'S2 decreases., The increased rate
of responding during S1 is behav-
ioral contrast. ;

RATE

- —TIME—>

Beha?ioral contrast is not a pérmanent:change in the organism's
behavior., Behavioral contrést disappeafs after extended exposufe to
~differential reinforcement (Terrace.>1966). In the example given abbveg
the rate of résponding during Si would eventually decrease to approx-
imately its original level. : ‘

The occurrence of behavioral contrast typically coincides with
several other effects, First, the rate of responding during the stime
ulus associated with reinforcement is highesi immediately following
presentation of the stimulus correlated with non-reinforcement, This
effect has been called "transient contrast® (Nevin and Shettleworth,
1966). Second, the peak or modé of the post-diserimination generaliz-
‘ation gradient is shifted in a direction away,from the stimulus assoC-
iated with non-reinforcement, This effect has been called the 'peak

shift" (Hanson, 1959). Third, if the stimuli correlated with rein-
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| forcement and ﬁon-reinforcemehﬁ are from orthogenal stimulus continuums
it can be shown that a gradient of non-responding, called a gradient
of inhibition, exists around the stimulus associated with non-rein-

forcement (e.g. Jenkins, 1965; Honig et al, 1963).

2. The determinants of behavioral contrast,

Apart from their bearing on classical discrimination-general-:
-izatien theory (Spence, 1936; HUil. 1952),behgviora1 contrast and the
other effects associated with the establishment of stimulus control
over operant behavior have been studied ae empirical phenomena in and
of themselves, Much of the recent research‘on'these topics has been
eoncerned with delineating the conditions under which they occur,

| There has been a‘considerable amount of research directed at
'defermining the conditiehs‘reEpeheibie for the occurrence efbbehaﬁiorai
contrast. One important finding has been that the establishment of
stimulus control per se does not produce behavioral contrast. If an
Merrorless diseriminafion" (Terrace, 1963) is established, behavioral
- contrast is not observed. Since few, if any, responses during the
stimulus correlated with non-reinforcement occur during an "errorless
discrimination}' one necessary prerequisite for the occurrence of behav.
loral contrast appears to be responding during the stimulus associatéd
with non-reinforcement,

Given that nen—reinforeed respohding’does occuf-during theeest—z
ablisﬁment of stimﬁlue'centrol..what'other conditions are necessary

before behavioral contrast will occur? There have been several
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:Asuggestions-as.to what constitutes other necessary prerequisites for
the occumence of behavioral contrast. It has been suggested that behav-
ioral contrast results from either (1) a reduced frequency of reinforce-

ment (Reynolds, 1961a) or, (2) a reduced rate of responding (Terrace,

~1956) during one of two succgssively presented stimuli, Since rate of
‘responding and frequency of reinforcement ténd to cOVarj, thése two
Processes are confounded in a simple differential reinforcement sii-
unation in which responding is reinforced in the presence‘éf one stimulus.

and non-reinforced in the presende of another, Because of this, special

techhiqdes have had to be used to differentiate between the role of
reductiéns‘in feinforgement frequency and response rate in the occur-
rence of behavioral contrast, Several experiments have been pérformed
which do differentiate between a reduced rate of réSponding and a rew
- duced fiequency of reinforcement, These experimenté have not, és yet,
allowedAa clear'choice between theée“two accounts of behavioral con- -
trast,

' Evidence for the frequenc& of reinforcement hynothesis,

There are several experiments which support the frequency of

reinforcement hypothesis of behavioral contrast. The first of these

Was perfoimed by Reynolds (1961a). In this experiment pigeons were

first reinforced for key pecking on a multiple:BVariable-interval

3 A multiple schedule is one in which different stimuli are core
related with different schedules of reinforcement, For example, if
variable-interval reinforcement was available during the presence
of a tone and no reinforcement during the absence of the tone, the
schedule would be called a multiple variable-interval -- extinction o
schedule. By convention, the term multiple schedule is also used to i
refer to a schedule in which different stimuli are correlated with '

identical schedules of reinforcement, Thus if the same varisble-in
terval one minute schedule was programmed in both tone and no tone
components, the schedule would be referved to as multiple variable-

interval one minute - variable~interval one minute,
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three minute. wvariable-interval three minute (multiple VI 3 min VI 3

| ';b min) schedule., The components of the schedule were correlated with red

and green key lights. After a period of training on this schedule ’

reinforcement in the presence of the green stimulus was made contingent

-upon the ncn-occurence of key pecking for a period of 50 seconds (dif-
ferent:.al reinforcement for other behavior or DRO) Pecking in the red
stimulus continued to be reinforced on the original VI 3 min schedule,
: ‘l‘his n'ultiple VI 3 min DRO 50 sec schedule had the effect of reduc:mg

the rate of responding during the green stimulus while at the same

time maintaining a more-or-less equal frequency of reinforcement in
the two components. Under these conditions, no increased rate of res- |
ponding during the red stimidus (behavioral contrast) was observed,
This experiment suggested that a .reduction in the frequency of reina
forcement rather than a reduction in response rate was: 2 necessary
condition for the occurrence of behavioral contrast,

An experiment performed by Catania (1961) also supports the

hypothesis that a reduced frequency of reinforcement in one stimulus

produces behavioral contrast. In this experiment pigeons could res-

pond on either of two keys. Originally a VI 3 min schedule was pro-

grammed on each key, Next, a multiple VI 3 min Extinction schedule
was programmed on one of the keys; the original VI 3 min schedule

‘remained on the other key. The rate of responding on 'both VI 3 min

| schedules :mcreased as a result of - this change. When the multiple

‘schedule Was 1s,ter changed to mxﬂ.tiple VI 1.5 min Extinction so that
the rate of reinforcement on both keys was again equal, the behavior-

al contrast on the VI 3 min key was éliminated. This occunfed despite
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 the continued reduction in'response'rete_during'the,Extincﬁienfeem-
ponent of the muitiple schedule,

Eloomfield (1967), in another experiment that supports the

frequency of relnforcement hypothesis, trained p:Lgeons on a series of

.. two=-component. multiple -schedules. in whlch@ne component. .was . always a
VI 1 min schedule and the other component either, for differen't birds,
" a fixed-ratio (FR) or differential reinforcement for low rate (DRL)

- schedule, By varying the value of the FR, in which rate of respond:mg ‘

| - and frequency of relnforcement are dlrectly related and the value of .
the DRI, in which response rate and reinforcement frequency are ine
versely related, Bloomfield found that similar changes in the rein-
forcement frequency in the FR or DRL component produced similar changes
.in the 'nate of responding in the constant VI 1 min component, This
finding suggested that behavioral contrast is a function of reinforce-
ment frequeney rather t.han‘res‘ponse re‘be.

| Yarczower et al's (1968) experiment also supports the frequency
of reinforcement hypothesis., In this'experjment pigeons were first
trained on a tandem VI 30 sec DRL & sec schedule. On this schedule a

response initiated a DRL interval once every 30 seconds on the average;

the next response which followed a preceding response by a period of 4
seconds was reinforced. After training on this schedule was completed,

a miltiple (tandem VI 30 sec DRL &4 sec) (DRO 10 sec) schedule was in-

‘troduced. On this schedule pecking in one component of the multiple
schedule was reinforced on the original tandem VI 30 sec DRL 4 sec

schedule. In the other component the non-occurrence of key pecking
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for a period of 10 - seconds. was reinforced, Despite'the fact that the .. = -

DRO 10 second component controlled a low rate of reSponding..no behav-
-loral contrast was observed. |

| | Similar results were found by Nevin (1968). In his experimerit -
-pigeons Were first trained on-a multiple VI 3 min VI 3 min schedule.-

One component was later changed so that the non-occurrence of pecklng

was reinforced. The non-occurrence of a key peck for a period of 10
seconds was reinforced on a VI schedule. the value of which was varied

in dlfferent parts of the experlment The value of this VI schedule o

controlled the frequenqy of relnforcement in this component. Nevin re-

‘ported that behavioral contrast was . observed only when the frequency
of reinforcement in the DRO component was less than that in the VI 3
min component of the multiple schedule. This finding suggested that a
' reduced,frequenoy of reinforcementwin one component of a multiple
schedule is a necessary prerequisite for the occurrence of behavioral
contrast,

Evidence for the rate of responding hypothesis,

Several experiments have provided evidence favoring a rate of

responding interpretation of behavioral contrast, These experiments

have shown that a reduced response rate in one component of a,multiple '

schedule, apart from any decresse in reinforcement frequency in this
¢cemponent can produce behav1oral contrast. ‘One- of”". these experlments
'>was performed by Brethower and Reynolds (1962) In thls experlment

pigeons were first trained_on a multiple VI 3 min VI 3 min schedule

in which the components were correlated with red and green key lights.‘

|
|
|
]
i
}
|
;
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' When each response during the green stimulus was" ‘subsequently punlshédv
with shock, the rate of responding in this stimulus decreased At the
same time, the rate of responding during the red stimulus increased
over its previous level. Behavioral contrast occurred in the red stim-
ulus despite the fact that, at least for some sﬁbjects. the rate of
responding in the.green stimulus was4sufficient to ensure a more-or-
less equal frequency of relnforcement in both stimuli, Similar findingS‘
‘have been reported by Terrace (1968) in a replication of this experi-
ment - ' |

. Further support for the rate of responding internretation comes
from an experlment by Reynolds and Limpo (1968), They trained pigeons
on a multiple DRL 35 sec DRL 35 sec schedule, Later, an interresPonse
time clock was correlated with the passage of time during the DRL ine
'vtervél.in one component of the ‘multiple schedule, The addition of the
clock decreased the rate of responding and increased the frequency of
reinforcement in this component. In spite of the increased frequency
of reinforcement in the component containing the clock, behavioral
contrast was still observed in the unaitered component,

- Terrace's (1968) experiment also supports the rate of responding
hypothesis, In one experiment in this study pigeons were trained on a
VI 1 nin schedule. The birds were later shifted to a multiple VI 1 min
DRL schedule, The value of the IRL was changed on a day-to-day basis
to ensure that the frequency of reinforcenent in the two components
of the mult:ple schedule were approximately equal, Under these conditions

in which the rate of responding in one component of the multiple
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-schedule was reduced, three of six birds showed behavioral contrast,
A similar eiperiment was performed by Weisman (1969). Weisman also
found behavioral contrast in the VI component of a multiple VI DRL
‘schedule in which the frequency of reinforcement in the two components
wus;more—or—leus-equal. . ,r' ' V

Two other experiments (Brownstein and Hughes, 1970; Browmstein
and Newsom, 1970) support the rate of responding hypothesis, In the
Brownstein and Hughes experiment pioeons were first irained on a mul-
tlple VI 1 min (28 1 min schedule. Later, a 51gna111ng procedure was
: added to one component of the multlple schedule. This procedure, which
-con51sted of i1luminating the response key only when a re1nforcement
was available on the VI schedule, reduced the rate of reSponding but
not the frequency of reinforcement in that component, Despite equal
reinforcement frequency in thebtwo components, behavioral contrast
still occurred in the unchanged compcnent. Similar findings with fixed-

intervel schedules were found by Brownstein and Newsom,

Bloomfield!s hypothesis,

In addition to the rate of responding and frequency of rein-
forcement hypotheses previously considered, a third aceount of the
conditions responsible for behavioral contrast has been developed,

This azccount (Bloonfield, 1969) states that behavioral'contrasﬁ re-
A}sults from. a "worsening of conditlons" durzng one of two succe531ve1y _
ﬁ~presented stimuli By "worsen1ng of conditions" Bloomfleld apparently

moans a change in conditions which results in the original condition
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~ being preferred to the new condition. Preference can be determined in
& choice situation: an organism is said to prefer one condition to an-

other if it spends more time in its presence than in the presence of

another condition when both conditions are available to the organism..

The change from reinfercement to extinction in one component of a
~multiple schedule is a good example of "wersening of conditions™ since‘
ofganisms typically prefer reinforcement to non-reinforcement in a
’choice situation. | |

Bloomfleld's hypothesis can account for several of the findings _

considered in the review of the evidence for.the rate of respondlng
and frequency of feinforcement_hypotheses. Since deprived organisms
will generally prefer a higher to a lowef frequency of reinforeemeht; ' '§'
studies in which behavioral contrast appears to be related to the |
reduction in reinforcement frequency could be subsumed under Bloomfield!s
‘hypothesis, Similarily, several studies suppofting the rate of res-

ponding interpretation also appear to support Bloomfield!s account

of behavioral contrast. For example, Terrace!s (1968) and Weismants

(1969) findings for multiple VI DRL could be accounted for by Bloom-

field's hypothesis since it is known (Fantino, 1968) that pigeons
prefer schedules ln which there is no required rate of responeing such
as the low rate required under DRL schedules, Also, Brethower and
ﬁeynolds' (1962) and Terrace's (1968) finding that punishment sﬁper-

imposed 6n the VI schedule in one component of a multiple VI schedule
resulted in behavioral contrast in the non-punishment component could .
be accounted for by Bloomfield!s hypothed s~ sinceiit. has.been: shown (g.g.

Azrin and Holz, 1966) that organisms prefer non-punishment to
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punishment in a choice situstion,

3+ Purpose of the Eresent research an investigation of the conditions
respon51ble for behavioral contrast. : :

) The ‘research reported here attempted to- provide additional ine o i

fbrmatlon on the conditions that are responsible for the behavioral
Acontrast observed in multiple schedules of reinforcement, Two sets of
experiments are reported. The first set of experlments reported in
’ Chapter II, deals with the question of the role of a reduced rate of

,reSponding in the occurrence of behavioral contrast The second set

of ezperiments, reported in Chapter 1171, deals with the question of
| whether a reduction in either response rate or reinforcement frequency | o
" in one component of a multiple schedule is a necessary condition for |

the occurrence of behavioral contrast,
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CHAPTER TI SOME EXPERTMENTS WITH VARTABLE-TIME SCHEDULES

i. Experiment I, Vériable-time reinforcement in a multiple schedule.u

Tuis experiment attempted to determine if a reduced rate of
responding during one of two successively presentéd stimuli is a
- sufficient condition for the occurrence of behaviofal‘contrast. As
previcusly n&tqa in Chapter I, special techhiques have had to be used
in attempts to determine if Behavioral contrast is due to a reduced v
frequency of reinforcement or a reduced rate of responding invohe
component of a multiple schedule. These techniques have included the
 &$3§0£ DRL and RO schedules,'puniéhmeht. clocks, gnd signalled rein-
foréement availability to reduce thé rate of r95pondipg in one compone
ent of ajmultiple schedule ﬁhile at the same time leaving the frequency
of‘reinforcement in this component éésentially unchanged, The present
experiment made use of another technique which reduces response rate
without changing the frequency of reinforcement; This technique cbn-
siste& of deiivering reinforgements in one component of a multiple
schedule independently of the subjects? behavior, It is known that
response-independent delivery of reinforcement reduces response rate
(s.g. Zeiler, 1968; Rescorla and Skucy, 1969).
Method
Subjects, Four male albino rats, obtained from the Holtiman Co.,served,

4 An experiment very similar to part of the present experiment has

~ recently been performed by Weisman. (1970), He trained pigeons first on
~a multiple VI 1 min VI 1 min schedule. The birds were later shifted to
multiple VI 1 min VT 1 min in which reinforcements in one component
were delivered independently of the birds! pecking on a variable-time
schediile with an average inter-reinforcement interval of one minute.He
found no behavioral contrast in the constant VI 1 min component despite
the fact that the VT schedule reduced the rate of responding,

;
P
i
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Subjects W3 and W4 were experimentally naive. ‘Subjects W7 and W8 had
previously served in an experiment invelving fixed-ratio schedules.
Subjects W3 and W4 were 180 days of age at the start of the experiment. -

The other two subjects were 190 days old. Prior to the start of the

~.present experiment, a1l four subjects wers reduced to 80.9 of their
normal free-feeding body weights by food deprivation, The subjects!

80 ¢ weights were adjusted, on the basis of normal growth curves from
Ezinga and Becker (in press), to control for normal growth during the _

.,course ‘of the exper:.ment The suhgects were malntalned at 80 normal

body- weight by food pellets obtained during experimental sessions and
by supplements of Purina rat food given after experimental sessiqns.
The subjects had free access to water in their home cages, The home
cage water contained oxyfetracycline hjdro.chloride (Terramycin) on
approx:tmately two-thirds of the’ experimental days,.

An adult female hom:mg pigeon, obtained locally, also served,
The pigeon was reduced to 80 % of its normal free-feeding body weight
‘by food deprivation. A grain mixture obtained duriﬁg; experimental
Sessions maintained the bird at 80 % normal body we:p.ght° Water and

grit were always available in the home cage.

Apparatus. The experimental space used for the rats was a standard
operant conditioning chamber for rodents (Lehigh Valley Electronics

l’odel 1568 test cage and Model 1642 cubicle) The inner dimensions of

'the test space were 23 cnm long, 20 cm wide,. and 18 em deep., On one wall L
of the test cage was mounted a lever and a ? watt light source. The -

lever was mounted 4 cm above the grid floor of the test Space. Thelight .
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Source was mounted 4 cm directly above the lever. Operatién of the
lever required a force of approximately 6.5 grams (0.064N), Reinforce-
ment consisted of 45 mg Noyes food pellets. The pellets were delivered
b& means o.f“a standard pellet ‘dispenéer into a recépf.icle mouhted 6cm
%o one side of the lever. A fan provided vsntllation and .a partisl
masking noise in the experimental Space.
The experimental space used for the pigeon was a BRS~Foringer

Model ‘PH-004 pigeon chamber, The inner dimensions of the test space
~ were l}9 cm long, 31:- cm hlgh, and 35 cn desp. One wall of the test
".cham’ber contained three response keys, 3.2 am in diameter, mounted 24
| em above. the floor of the chamber, Only the center key was used in the -
. present expei‘:‘xmenf.. -Ope'ration of this key requiréd a force of about 26

- grams (0,196 N), Stimuli were projected on a screen mounted directly

| behfmd the responsé key by an Industrial Electronics Engineersf One-

Plane Readou’c Cell. During the reinforcament period, stimuli on the
response key were extinguished. Relnforcement consisted of 4 seconds
'V access to a grain mixture presented bjr a standard grain feeder mountéd
directly below the center response key, 6 cm above the floor. A small
1ight sourse illuminated the grain in the feeder tray during the rein
- forcement pericd. A fan provided ventilation and a partial masking
noise in the experimental space,

Expsrimental contingencies and ev‘ents in both test chambers
were programmed with standard relay-type equipment, Data were re-
corded on digital impulse couﬁters and cumulsgtive recorders,

Procedure. Following a éhort perioed of preliminary training in which
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lever pressing;was conditioned, subjects W3 and W4 were placed on a two-
component multiple schedule, Subjects W7 and W8, after a few sessions

on a VI 30 sec schedule, were placed on the same multiple schedule, The .
components of the multiple schedule were correlated with light (C1) and

dgpkness_(CZ),in the experimental space.’ Both eemponentswlasted“fnr,a
period of 5 minutes, The cemponents alternated with each other'through-‘
out the session, Originally, both Cl and C2 were associated with a VI
30 sec schedule of reinforcement. Later, the schedule in CZ was elther~
(1) ‘a non-contingent schedule in which reinforcements were delivered,

independently of lever pressing, after var:able time (VT) periods aver-
- aging 30 seconds (VT 30 sec), (2) an extinction schedule in which no .
reinforcements were delivered, or (3) the original, response-contingent, N §
“VI 30 sec schedule, Tn addition, subjects W7 and W8 received two sessions
in which & differential reinforcenient for other behavior (DRO) schedule
“and the VT 30 sec schedule were combined in C2, Ihis schedule is des-
cribed in more detail in the Results section, - | ?
Sessions consisted of 5 presentations of each component, Sessions
always began with the Ci component, The subjects received 7 daily

sessions each week, Sessions occurred at about the same time each day,

The procedure for subjects W3, W4, W7, and W8 is outlined in
Table 1,

The plgeon was placed on a multiple VI 1 min Vii min after a

short period of prellminary tralning in which key pecking was condit-
‘ioned, The components of the multlple schedule were correlated with a

white line on a black background (C1) and a yellow-green light (c2)
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projected on the rear of the response key, The components were 5 minutes
in duratiop and were presented in strict alternation, After 16 sessions
on multiple VI 1 min VI 1 min, the bird was placed on a multiple VI 1 min
VT 1 min schedule for 11 sessions, On this schedule key pecking during
| -Cl was 'reinfofced as before on 'a VI 1 min sc_hedulé; in the C2 component
reinforcements were presented independently of key pecking once every

1 minute on the average,

Table 1

—_— Surmary of Procedure ° ' L i
Schedules, in order Number of sessions on schedule ,
of presentation W3 and W4 W7 and W8 ;
- A, multiple VI 30 VI 30 8 - 14
B, multiple VI 30 vr3 - 15 21*%
C, multiple VI 30 Extinction .13 9
D, multiple VI 30 VT 30 2 7 6 i

E. multiple VI 30 VI 30 : 16 ' 8
F. multiple VI 30 VT 30 ‘ 18 - 1 :
G, multiple VI 30 Extinction 7 -
H, multiple VI 30 VT 30 - 5 -
I. midtiple VI 30 VI 30 3 - |
J. multiple VI 30 VT 30 14 (18 for Wh) -

* The 15th and 16th sessions on this schedule had a DRO 10 second
. schedule superimposed on the VT 30 sec schedule, See text for
details, _ : : .

A1 sessions for the pigeon began in either C1 or (2, which

was varied accross days, and were one hour in duration, Sessions
 occurred at about the same time each day. Seven sessions were given

each week,

Additional aspects of the pr o}cedure are discused’! in more de-.
~tail in the Results section, .
Results

Figures 2 to 8 show the rate of responding in each component
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. multaple schedules outlined in Table 1, Thus the "A" panels refer to

,theleessiens_on multiple VI 1 min VT 1 min, .

shifted to multiple VI VI, This schedule change was of primary interest
© in the experiment, It was hoped that this change from VI to VT in C2
" of ‘the multiple schedule would allow an assessment of the role of a

reduced response rate in one component of a multiple schedule in the

- schedule,

17.

of the multiple schedules for shbjects'WBV(Figures 2 and 3), W4 (Fig-

ures 4 and 5), W7 (Figure 6), and WB (Figure 7) and the ‘pigeon, P3
'-.(Figure 8). The lettered panels of Figures 2 to 7 correSpond to the

 the sessions on multiple VI 30 sec VI 30 sec, the UBY panels to mule

" tiple VI 30 sec VT 30 sec and so forth, The first panel of Figure 8

is the sessions on multiple VI 1 min VI 1 min; the second panel is

~ After obtaining a baseline on multiple VI VI, the subjects were

occurrence of behavioral contrast, If a reduced rate of responding in
one component of a multiple schedule is a sufficient condition to pro-
duce behavioral contrast, one would expect that the rate of responding

in C1 would increase after the introduction of the multiple VI VT : -

As can be seen in Figures 2, 4, and 8, the shift from VI to VT

in C2 of the multiple schedule reduced the rate of responding in this

component for subjects. WB, wu and P3. It is less clear that the shift

from VI to vT in C2 reduced the rate of reSpondJnv in c2 for subgects

W7 or W8 (Figures 6 and 7). This is particularly;txnehfer subject W8

~who responded at a lower rate during C2 in the-originellbaseline con-

~dition. Slnce these two subjects were not showing clear dlfferentlal

respandlng under the mnltlple VI VT schedule, a dlfferentlal reinforce-




e'e]
o
]
| 3;.
o
@)

C1o
C2e

/MIN
o
O .

(-
=
w

RESPONSES
N

N
o

N

o | L

200000

] 10 . 20 30 40
- | SESSIONS
Figure 2, The rate of responding, in respbnses per minute, in each compdnent of thé multiple schedules

for subject W3, The letters correspond to the multiple schedules outlined in Table:1, The C1 component
was always VI 30 sec. The C2 component was VI 30 sec (A), VT 30 sec (B), Extinetion (C), VT 30 sec (D),

VI 30 sec (E), or VT 30 sec (F),

i

20

ER

| 7

081

N T R R R AR



RESPONSES/MIN
= S - O

N
o

19,

80

90

100
SESSIONS

110

Figure 3, Continuation of Figure 2, The C2 schedules shown
are VT 30 sec (F),
(1), and VT 30 sec (J).,

Extinetion (G),

VT 30 sec (H), VI 30 sec




- Cie
- C2e

o
O
!

‘W4

va\/\\j\w \M ‘

110 2 040 S0 60 - 70
| | SESSIONS
Figure 4, The rate of responding, in responses per minute, in both'components of the multiple schedules |

for subject Wh. The letters correspond to the multiple schedules outlined in Table 1. The C1 component

was always VI 30 sec. The C2 component was VI 30 sec (), VT 30 sec (B), Extinction (C), VT 30 sec (D),
VI 20 sec (E), or VT 30 sec (F). ' B .

RESPONSES/MIN

No
-
T

v ;oz i




TR

c o
O
t
T
I
—
-

JMIN
LGOI '

o

 RESPONSES

f, 4&"‘/yw

80 90 100 110
SESSIONS

Figure 5, Continuation of Figure 4. The C2 scheduleé shown are
VT 30 sec (F), Extinction (G), VT 30 :
Ve 39 cee (J): (a), 30 sec (H), VI 30 sec (I), and

L1,




S o o0
o el S

'RESPONSES/MIN

DO
)
T

C2e
C W7

id

O.J ] l't

30 sec component,

110 20 30 40 &p
| SESSIONS

Figure 6, The rate of responding, in responses per minute, in both components of f__,he multiple
schedules for W7, The schedule in C{ was always VI 30 sec, The schedule in C2 was -either VI 30
sec (A), VT 30 sec (B), Extinction (C), VT 30 sec (D), VI 30 sec (E), or VT 30 see¢ (F). The
sessions in panel B indicated by the arrows Had a DRO 10 sec schedule superimposed on the VT

60

70

QZZ




o‘,
O

T~
O

' Cie ‘
r C2e l

fws | - | .

110 20 0 6070

RESPONSES/MIN

™
o

0 40
3SESSIONS |

Figure 7. The rate of responding, in responses per minute, in both components of the multiple
schedules for subject W8. The schedule in C1 was always VI 30 sec. The schedule ih C2 was VI 30
sec (A), VT 30 sec (B), Extinction (C), VT 30 sec (D), VI 30 sec (E), or VT 30 set (F). The
sessions indicated by the arrows in panel B Had a DRO 10 sec superimposed on the VT 30 sec

<z

component, -




oy
ot
t~

w .
O

RESPONSES/MIN

_ L 1. .;l _

110 - 20
SESSIONS

Figufe 8. The réte of resﬁoﬁding; in‘responseé per

minute, in each component of multiple VI 1 min

VI 1 min (first panel) and multiple VI 1 min VT
1 min (second panel), Data are for pigeon P3.

24,




25,

ment for other behavior schedule (DRO) was superimposed on the VT -
30 sec component for the two sessions indicated by the arrows in
Figures 6 and 7, Under this schedule of reinforcement, reinforce-

‘ment was delivered 1rreSpective of 1ever pressing on the VT schedule,

- However, in addition, ~any period of 10 sécondé. in which no responses
occurred also produced a reinforcement, This schedule combinétion had

- the desired effect of reducing the response rate in the C2 component,

_ When‘the'DRO contingency was removed after two sessions, the CZ‘reSponse

| '~ rate remained at a level lower than that prevail1ng before the intro-

duction of this contingency. The addltion of the DRO contingency to the
VTvcomponent appeared to allow the subgects to be exposed to the VT

~ schedule, These two subjects, who had a history of fixed-ratio schedules,

had a considerably higher response rate in bothvcomponents of the mul-
tiple scheduie than the other subjects, This relatively high resoonse
rate probably prevented the subjects from being exposed to the VT

schedule, It should be noted that the addition of the DRO contingency
to the C2 component also reduced thé rate of responding in the C1 com-

ponent for both subjects. The reduction appeared to be permanent for

subject W3,

During the period when C2 response ratebwas reduced by the VT
schedule, no ev1dence of an increased rate of respondlng in C1 (ie.

behavioral contrast) was observed° To the contrary, at least two sub-

Jjects (W3 and W8) showed»a,small decrease in C; response rate under

i . the multiple VI 30 sec VT 30 sec schedule, It is less clear whether
| the C1 response rate was reducedifof the other two rats, This was

particularly true for subject Wh,
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The results of the shift from multipie'VI VI to ﬁﬁlﬁiple VI VT_
suggest that a reduced response rate in one componentvof a multiple
schedule is not a sufficient condition for the occurrence of behavioral
contrast, The shift from multiple VI 30 sec VT 30 sec to multiple Vi
30 sec Extinction did..hpwever, prqduce‘bghavioral coqtrast for al;f:
four subjects (C panels of Figures 2, 4, 6, and 7)., Behavioral contrast
. in the €1 component emerged in spite of the fact that the Extinction
component conirolled about the same réte_of responding as ﬁid the VT
component under‘multipie VI VI, Only in the case of one subject, W7,
did the Extinction schedule cbntrol a‘lower-rate of responding than
- the previous VT schedule. Thus ,while bdth the VT and Extinction sched-
ules controlled approximately the same rate of responding, only the
Extinction schedule, in which no reinforcements were delivered, pro-
duced behavioral contrast in-the constaht VI 30 sec component, This:

- finding tends to support the frequency of reinforcement hypothesis of
behavioral contrast. Furthér evidence for‘this comes from the fact
that the behavioral contrast occﬁrring under the multiple VI 30 sec
Extinction schedule was eliminated when‘the subjects were returned to
| the multiple VI 30 sec VT‘30 sec schedule (D panels of Figures 2, 4,
6, and 7). | |

When the subjects were returned.to the baseline multiple VI 30
sec VI 30 sec schedule an unexpected effect was observed, One might
have expected that the fate of responding iﬁ the component changed
from VT 30 sec to VI 30 sec wculd'gradually increase to about the
‘level prevailing in Ci. Instead, the rate of responding in both C1

and C2 increased (E panels of Figures 2, 4, 6, and 7). The rate
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increase for subjects W3 and Wi was particularly large. The effect for
the other two subjects was considerably smaller but nevertheless evident,
When the subjects were next switched to mnltiple VI 30 sec VT 30 sec,
the rate of responding in both C1 and C2 decreased w1th the rate in the
:MVT component -decreasing more ‘than the rate in the VI- component {F pan-
els of Figures 2, 4, 6, and 7). This result was somewhat similar to
the rate changes observed, especially for subject W3, when the schedule
‘was first swltched from multiple VI 30 sec VI 30 sec to multiple VI
; 30 sec VT 30 sec (B panels),

 Subjects W3 and Wi were next exposed to mnltiple VI 30 sec
‘Extinction, multlple VI- 30 sec VT 30 sec, multlple VI 30 sec VI 30 sec,
and multlple VI 30 ‘sec VT30 sec (panels G, H, I, and J of Flgures 2
and L), This series of schedules replicated the major findings observed
- earlier in the experiment. The shift from multiple VI 30 sec VT 30 sec
to multiple VI 30 sec Extinction pnoduced behavioral_contrast in the
constant VI 30 sec component, The shift from multiple VI 30 sec Extine
ction to multiple VI 30 sec VT 30 sec eliminated the contrast, The
change from multiple VI 30 séé VT 30 sec to multiple VI 30 sec VI 30
sec prodnced a rate increase in bothkcomponents. The rate of responding
in both'components decreased with the rate in the C2 component de-
creasing more than the»Ci rate when the subjects were shiftéd from .
multiple VI 30 sec VI 30 sec to multiple VI 30 sec VT 30 sec. v

Tt should be noted that, with the exception of the multiple
VI 30‘sec Extinction schedule,‘the freqnenqy of reinforcement in the -
two - components of the multiple schedule used in the present experiment :

were essentially the same°
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Discussion ;
The results of this experiment suggest that a reduction in the

rate of responding in one component of a multiple schedule is not a

.sufflcient condition for theoccurrenceof behav1oral contrast, While '
a reduced rate of responding in one component of a multiple schedule
may_be a necessa:y_condition for the occurrence of behavioral contrast,
\a_reduced rate 6f,responding by’itself does:not appear to account for

the occurrence of behavioral contrast, Tt could be argued, however,

that contrast qepends in sdme way on ths amount of .response suppression
obtained in one 'component of a miltiple schedule, That is, the failure
to flnd behav1ora1 contrast on the multlple VI VT schedules may have
been due to the rather small smount of response suppression typicaily
s_produced by the VT schedule, While.this argument may appear plausible,
it does not appear to be supported by the findings of other experiments
- (€egs Weisman, 1969) where contrast was reported with only relativelj
small reductions in response rate in one component of a multiple sched-
_ ule, Also, this argument is not supported by the finding in the present

experiment that the Cilresponse>rate increased after C2 was changed

from VT to Extinction despite the fact that both VT and Extinction
schedules controlled about the same rate of responding,

The results of this experiment seem to implicate a change in

reinforcement frequency rather than a change in response rate in the

occurrence of behavioral contrast, Behavioral contrast was observed
only when the subjects were shifted from multiple VI 30 sec VT 30 sec

to multiple VI 30 sec Extinction, The contrast observed on the

K4
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v multiﬁle'Vl;30“eec Extinction scnedule occnrred in spite of the facﬁ
that the VT and Extlnctdon schedules controlled a more-or-less equal

‘rate of responding, Further evidence for the frequency of reinforce-
ment 1nterpretatlon comes from the fact that the contrast observed on

lnmmltaple VI 30 sec. Extlnction was eliminated~after the switchto -

mnltaplevVI 30 sec VT 30 sec. Contrast was eliminated when reinforce-

ment was again available in C2 of the multiple schedule., Another

. finding supportlng the reinforcement frequency interpretation was the

reductlon in the 28 30 sec response rate observed when the DRO schedule

Was superimposed on the VT component.~Thls schedule combination greatly
increased the frequency of reinforcement in the VT component

One finding in the present experlment is rather puzzling. This o |
is the increased rate of responding observed in both components of the
multiple schedule when the subjects were shifted from mnltiple VI 30 sec
VT 30 sec to multiple VI 30 sec VI 30 sec., The fact that the rate of
responding increased in‘both components is difficult to explain. How

ever, it should be noted that somewhat similar findings have been

observed in our laboratory when rats are shifted from multiple VI

Extinetion to multiple VI VI, A similar effect is reported in an exper-
iment in Chapter III. |

2. Experiment IT, Variasble-time reinforcement in a concurrent schedule,

The results of the precedingvexperiment'Suggested that'é b -0
duced response rate. in one component of a multiple ochedule 'is not a

' sufflclent condltlon for the occurrence of behav1ora1 contrast, The
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- results appeared to support the rate of reinforcement interpretation
of behavioral contrast. However, the results also appear, on an in-
tuitive basis at least, to support Bloomfield's interpretation that

behavioral contrast is due to a "worsening of conditions" in one com-

wponenu of-a- multiple schedule, The failure-to find behavioral contrast g
on the multiple VI VT schedule is not inconsistent with Bloomfield's
hypothesis since it is difficult to conceive of the change from a

VI to a VT schedule'as a ™sorsening of conditions" On the other hand,

" the change to multiple VI Extinction, where behavioral contrast was
observed, could be thought of as a changé for the_worse since this
change involved a reduction in reinforcement frequency in one com- -

ponent of a multiple schedule. While Bloomfield's hypothesis is con-

cerned only with rGSponse rate ingreases resulting from a worsening
of condifions, it is possible'that response rate decreases in one
component of a multiple schedule may be due to a "bettering of con-
ditions" (ie. a shift to a more prefprred condition) in the other
‘ component, Some evidence for this comes from the fact that the VI

response rate was reduced when reinforcement frequency in the other

component was increased under the combination of VT and DRO schedules,
" The present experiment sought to provide some experimental
verification of Bloomfield's hypothesis. More specifically, the pre-

sent experiment sought to determine if a shift from VI to VT does

involve a worsening of conditions, Since contrast was not observed
on the multiple VI VT schedule, one would expect, on the basis of
Bloomfield!s hypothesis, that subjects would show no preference for

the VI schedule in a situation where they could choose between a
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" VI and VT schedule that provided an equal frequency of reinforcement.,
Preference was ascertained in a concurrent VI'VT schedule in which
both a VI and a VT schedule were available to the subject.

| | Mhthod

.._““Subgects. Two adult male albino rats served. The. subjects were ob-
tained from the Holtzman Co, Poth subJects were experimentally naive
. and were 152 days of age at the start of the experiment., The subjects
were reduced to 80 £ of their normal,free‘feeding body weights by

food deprivation. Allowance for normal growth, on the basis of data

from Ezinga and Becker (in press),v'was made in calculating the sub-
Jjects!? 80 % body weights, The subjects were maintained at their 80 %
weights by milk obtained during experimental sessions and by supple~ o
ments of Purina rat food given after experimental sessions. The sub- |
Jects had free access to water in-thgir home cages, The home cage
water contained oxytetracycline hydrochloride (Terramycin) on about
two-thirds of the experimental da&s.’

Apparatus. The experimental space conéisted of a standard operant con-

ditioning chamber (Lehigh Valley Electronics Model 1316 test cage and
Mode 1316C cubicle)., The test space was 30 cm long, 19 cm high, and

20 cn deeps The chamber contained a dipper feeder for delivering rein-
forcement, a 7 watt houselight, and two identical response levers which

required a force of about 24 grams (0.235 N) to operate. Reinforce-

ment consisted of 0,01 ml of a mixture of sweetened condensed milk
- and water (50 ¢ of each by volume).
Expérimental contingencies and events were programmed with

solid state digital logic. The concurrent schedules were programmed
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with a BRS-Foringer FP-8 two-channel tape reader. Data were recorded
on digital impulse counters,
Procedure, Before the expériment proper began, the two subjects were i

given a short period of preliminary training dﬁring which lever press-

.Ang was .conditioned, Following this period of pretraining, the subjects.
were placed on a concurrent VI 60 sec VI 60 sec schedule, The con-
current schedule was programmed with a changeover-lever procedure
(Findley, 1958) in which the two VI 60 sec.schedules were correlated
w1th different stimuli (llght and darkness in the experimental space).

Two levers were used, Responses on one lever, the changeover-lever,
changed the stimulus condition from light to dark and vice versa. Re-
spondihg'on a second lever, the scheduié lever, ﬁas reiﬁforced-on tﬂe
schedule assoéiated with the prevailing stimulus condition, Responding
on the schedule lever was never iéinforced immediately following a re-
sponse on theAchangeover-lever. Instead, a response on the changeoverw
leveriinitiated‘a changeovervdelay period of 2 seconds during which

‘time reinforcement was not available for responding on the schedule

lever,

- In order to ensure an equal rate of reinforcement in the two

stimulus conditions, a procedure similar to one described by Stubbs
and Pliskoff (1969) was used. A two-channel tape reader assigned the

reinforcements, One channel assigned reinforcemehts in the light con-

.dition; one channel assigned reinforcements in the dark condition., Re=-
‘inforcements in the light and dark conditions were assigned at irregular .
intervals averaging one reinforcement assigrnment per minute for each

condition, Once a reinforcement was assigned in either stimulus condition
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thettape'drive.was stooped ﬁntil that reihforcement‘wes'obtaioed This
procedure ensured that the frequency of reinforcement in the two stinm-
uli (light and darkness) was equal. ,

| After 28 sessions on this concurrent VI 60 sec VI 60 sec sched- '
v;;nle,AiheﬂsubjectsLwere"shifteduto,amconcurrent;VI¢50qSecmVTaéowsec
‘schedule, This schedule was. similar to the concurrent VI 60 sec VI

60 sec schedule in all reSpects except that reinforcement during the

light stlmulus were no longer contingent upon lever pressing. The 2

'second delay between a response on the changeover—lever and the .
aVailability of reinforcement was maintained in both‘stimulus‘conditions.
One subject, W13, did not appear to be making contact with'the
VT 60 sec component of the concurrent VI 60 sec VT 60 sec schedule even - g’
after 10 sessions on the schedule., This appeared to be due to £his sub- . |
Ject!s high rate of responding (aboﬁt 70 responses per minute) in both
the VI and VT»components. To bring this subject into contact with the
.VT schedule, reinforcements in the light condition were delivered only
after a short period (5-10 seconds) of non-responding for three ses-

sions, During these three sessions the experimenter manually withheld

prograrmed reinforcements during the light condition wuntil a 5—10'sec-
ond period of non-responding had elapsed. After these three sessions
the subject was returned to the regular concurrent VI 60 sec VT. 60 sec

_s&mmﬂm

-The-Subjects were finally placed-on the original concurrent e
VI 60 sec VI 60 sec schedule in which reinforcements in both the 1light
.and dark stimuli were contlngent upon lever pres51ng.

Summary details of the procedure for both subjects are shown in
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Table 2. Omitted from the table are the three sessions for subject
Wi3 in which reinforcement in the light stimulus was ‘contingent upon

a short period of non-respohding.

Table 2
| Stmmary of“?rocedﬁre: Concurrent Schediles
Schedule in S Number of Sessions
~Dark Tight Wi2 W13
concurrent VI 60 VI 60 S .- 28 28
concurrent VI 60 VT 60 o ' 13 47

concurrent VI 60 VI 60 ' L2 7

:~Threughout the'experiment 45 minute sessions were given 7.

days a week, Sessions occurred at approxlmately the same time each

day. Sessions began in either the 1ight or dark component which was
varied across days,
Resﬁltsu
One measure of. inierest in this experiment was the relative rate

of reSpending in the light stimulus, defined as -

Relative response rate . = . response rate in light
: ' (Light) response rate in light + response rate in dark

This measure is of relevanee in determining if the introduction of the

concurrent VI 60 sec VT 60 sec schedule reduced the rate of responding
in the VT 60 sec.component. If the rate of responding in the two stim-

uli were equal this ratio would equal 0.50. If the response rate in the

light was greater than the response rate in the dark, this ratio would
: ‘be‘greater than 0,50, The ratio will be less than 00,50 if the reSponse .
rate in light is less than the response rate in the dark,

After the introduction of the VT 60 sec schedule in the light
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stimulus, one would expect that the relative response rate in.the light
to decrease below 0.50. One would also expect that this ratio would be
about 0,50 under the concurrent VI 60 sec VI 60 sec schedule. Figure 9 |

shews for the two subjects the actual relative rate of responding in

the 1ight component for the three stages of the experlment concurrent
VI 60 sec VI 60 sec, concurrent VI 60 sec VT 60 sec, and concurrent

VI 60 sec VI 60 sec. These three stages are represented by panels A,

B, and C respectively in Figure 9, As can be seen'from panel A, the

relative rate of respondlna in the llght was approximately 0,50 for

both subgects This indlcates a more-or-less equal rate of responding
in the light and dark stimuli when these stimuli were both associated

__ﬁith.the VI 60 sec schedule; When the concurrent VI 60 sec VT 60 sec
schedule was introduced (panel B), the relative rate of responding in
the.lighﬁ decreased for subject Wi2 indicating a lower response rate
on the VT 60 secrschedule. Subject W13 did not show this effect until
- he was. reinforced for three sessions for not responding in the 11ght
Astlmulus. After these sessions, 1ndlcated by the arrow in Figure 9,
this subject also showed a decreased relstive response rate in light,

When the subjects were returned to concurrent VI 60 sec VI 60 sec

(panel C), the relative respense rate in light increased to approx-
imately 0.50. These data indicate that both stimuli controlled a

more~or-less equal rate of responding on concurrent VI 60 sec VI 60

sec, On concurrent VI 60 sec VT 60 sec, the light stimulus controlled
a lower rate of responding.
The measure of central interest in this experiment was the

relative amount of time spent by the subjects in the presence of the
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the last 7 sessions on concurrent VI 60 sec VI 60 sec, Panel B shows the sessiohs on concurrent
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light stimulus, defined ss =

Relative time . time Spent in light
(Light) time spent in light + time spent in dark

This measure indicates the degree of preference for a stimulus cone

- dition in a concurrent schedule, If this ratio equals 0.50, no prefer-

ence exists, If this ratio is greater than 0,50, the subject prefers
the light stimulus., A ratio of less than 0.50 indicates a preference
for the dark condition, - '

One would expect a relative time ratio of about 0.50 on the
concurrent VI 60 sec VI 60 sec . One would expect, on the basis.of.
Eloomfield!s hypothesis, that the ratio weuld remain at 0.50 on the

'concurrent VI 60 sec VT 60 sec schedule even when the VT 60 sec schedule

controls a lower rate of responding than the VI 60 sec schedule, Fig-
ure 10 shows the actual relative tlmes obtained during the three stages

of the exper1ment concurrent VI 60 sec VI 60 sec (panel A), con-

; current VI 60 seec VT 60 sec (panel B), and concurrent VI 60 sec VI

60 sec (panel C).

From panel A of Figure 10 it can be seen that the subjects Spentl

about an equal amount of time in the light and dark stimuli while on

the concurrent VI 60 sec VI 60 sec schedule. This is particularly true

of subject Wi3, Subject W12 tended to spend more time in the light

component but this preference for the light stimulus was fairly small,
Panel B of Figure 10 shows the relative.time spent in the light stimulus
under conecurrent VI 60 sec VT 60 sec. Neither of the subjects showed

a preference for the VI 60 sec schedule over the VT 60 sec schedule,
Subject W13 may have showed a slight prefereﬁce'for the-VT 60 sec

schedule but this effect was relativelyvsmall. In any event, the
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Figure 10, The relative amount of time spent in the light stimulus by subjects Wi2 and W13, Panel
A shows the last 7 sessions on concurrent VI 60 sec VT 60 sec. Panel B shows thé sessions on
concurrent VI 60 sec VT 60 sec, The arrow indicates where subject W13 was reinférced for not
responding for three sessions., These sessions are omitted from the figure, Panel C shows the
final sessions on concurrent VI 60 sec VI 60 sec. ’ ' .

L. . H 7 1 A | S

30 v 20 36

gt




YR e s BT S M B e ¥ S e B b T

39

subjects showed ﬁo marked shift in preference following the intro-
duction of the cbncurrent VI 60 sec VT 60 sec schedule, This finding >‘
-was substantlated during the shift from concurrent VI 60°sec VT 60 sec
vto concurrent VI 60 sec VI 60 sec, . The C-panel of Figure 10 shows the
relaiiv?,amoﬁnt of time spent in the presence of the_iight condition
after the subjects were returned to concurrent VI 60 sec VI 60 sec,
Again there waé no indication of a shift in preference for the light
stimulus, The subjects tended to séend abqut one-half of the session .
in the light stimulus and ébout-dne-half of the session in the dark
stimulus,
Discussion

The méjqr>finding of the present experiment was that there was
no preference for the VI 60 sec schedule while the subjects were on
concurrent VI 60 sec VT 60 sec. This finding supports Bloomfield!s
interpretatidn of behavioral contrasi. It will be recalled that Bloome
field believes that beha§ioralvcontrast is dﬁe to the shift to a less
preferred (or worse) condition in one component of a multiple schedule.
Since no behavi§ra1 contrast was found on the mhitiple VI VT Schedules
in Experiment I, Bloomfield's interpretation of contrasﬁ.Wbuld hold
- that the shift from multiplé.VI VI to multiélé VI VT did not involve
a worsening of conditibns. This being the case, the subjects should
show no preference for the VI schedule in a situation in which both
VI and VT schedules were available to the subjects, This is what was
observed in the present experiment: the subjects showed indifference

between the VI and VT schedules ﬁhile on concurrent VI VT,
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'3. Sunmary,
In Experiment I Subjects were exposed to multiple schedules in
- which one cohponent was always a VI schedule. The second-componént of
the multiple schedule was,at various times during the experiment, either
v:'(é) a VI schedule, (b) a VT schedule in which roihforcoménts were de-
livered independently of responding, or (c) Extinction. The rate of
respondlng in the second component was reduced by both the VT and Ext-
inction schedules. Behav1ora1 contrast was observed however, only A
when Extlnction was programmed 1n the second component The results
‘show that a reduced rate of reSponding-in one component of a multiple
- schedule is not a sufficient condltlon for the occurrence of behavloral
contrast |

The findings of Exporiment Irsupport a reinforcoment rather than
a response rate interpretation of behovioral contrast., Experiment II
demonstrated, however, that the findings of ExPeriment I can also be
accounted for by Bloomfield's interpretation of behavioral contrast
which. suggests that contrast results from the shift to a worse (or
less preferred) condition in one component of a multiple schedule.
Since the subjocis in Experiment IT showed no preference for a VI
schedule in a concurrent VI VT choice situation, no behav1oral contrast

on the multlple VI VT schedules would be predicted,
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-~ CHAPTER TIT SOME EXPERIMENTS INVOLVING DELAYED RETNFORCEMENT

i.Aﬁgperiment IIT. Delayed‘reinforcement in a multiple scheduie.

The experiments reported in Chapter IT suégestediﬁhat a de-
créased rate of responding in one component of a multiple‘schedule is
'”not'a‘Sufficient'COHdition“for*fhe dc¢urrence‘6f”béhavi0rél contrast,
The experiments reported‘in this Chapﬁer sought to determine if a
reduced rate of responding in one component’5f~a multiple scheduie
is a necessary condifion for the occurrence- 6f behavioral contrast.

_ To provide a clear demonsfrétioﬁ that é redﬁctioﬁ in response rate is
pot a necessary'condition fdf the occurrence of behavioral contrast,
two ponditions must be met, First, the rate of responding in one come
poneht of a multiple schedule must increase over its baseline level
as a result of some change in the other component. Second, there must
be no reduction in the rate of'reSponding in that other_compénent. |
The present_exﬁeriment also sought:to determine if a reduced fﬁequency
ofvréinforceﬁent in one éomponent of_a-muitiple schedule is necessary
to produce behavioral contrast., To demonstrate that a reduction in
réinforcement ffequency is not a neceésaryvcondition for the occurrence

-of behavioial contrast, it must be shoﬁn that any increase in the rate
of reéponding in one component of a multiple schedule is not due to a
reducﬁion in reinforcement frequency in fhe other component,

In an attempt to satisfy these conditions, brief delays of
reinforcemeyt were introduced in one component of a multiple schedule,
A short value of delay was chosen:. so as tb minimize the liklihood
that the introduction of the delayed reinforcement would lead to

large decreases in either response or reinforcement rates in the delay
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component of the nultiple.schedule. The present experiment was, for

the most part, a preljnﬁnanyexperiment which attempted to determine

if delayed reinforcement would (1) produce behavioral contrast in the

~non-delay component, and (2) involve little, if any, changes in reSponse -

.m:u'zwnnforcement.rates_ln ihe.delay.cgmpnnent. N
Method

Subjects Four adult male albino. rats, obtalned from the Holtzman Co.,

served. Subaects 102 and 103 were experimentally naive. Subjects 39 and

'40 had previously served in an ‘experiment involving Variable-lnterval
reinforcement, Subjects 102 and 103 wers 106 days of age at the start
of the experiment; the other two subjects were 168 days old. The sub-
Jjects were reduced to 80 ¢ of their normal free feedlng body weights

by food deprivation., The subjects! 80 ¢ weights were adjisted, on the

' ' basis of data from Ezinga and Beckér (in press), to control for normal
growth during the period of the experimént._The subjects were maintained
at 80 % normal body weight by milk obtained during experimental sessions
and by suppléments of Purina rat food. The subjects had free access to

water in their home cage, The water in the home cage contained oxytet-

~ recycline hydrochloride (Terramycin) on about two-thirds of the exper-

imental days .
Apparatus, The experimental space was a standard operant conditioning

chamber similar to that used in Experiment II. The chamber contained

a response lever requiring a forece of about 16.5 grams (0.162 N) to
. operate, a 7 watt houselight, and a dipper- feeder .(Lehigh Valley
- Electronies Model 1351). Reinforcement consisted of 0.01 ml of a

mixture of sweetened condensed milk and water (50 % of each by volume),
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Experimental events and contingencies WBre.programmed with solid state
digital logic. A BRS-Foringer Precision Probability Unit was used to
generate’the random-interval schedule used in the experiment,
Procedure, Following a short period'of preliminary training during which
lever éfgsssing was conditioned, subjeqts 102 and'103 ﬁere~p1a¢ed on a
mnltiplesséhednié of r;nadm-iﬂfefﬁaiHB féinfﬁrcement. Th§ avefége théof-
etleal inter-reinforcement interva1 in each component of the multiplé
schedule was 25 seconds (RI 25 sec), The compoﬁents of the'multipleb .
schedule were correlated with light and darkness in the expefimental N
space, Each component lasted 256 seconds, Six presentations of. each
componént comprised a session.'Ihelcomponents were presented in strict
alternation with the initial component in each session béing varied
across days.

After 12 sessions on the multiplé-RI 25 sec RI 25 sec,#chedule,
delayed reinforcement was introduced in the first component (C1) of
the mﬁltipleﬂschedule. During C1 (houselight on) the reinforcement
cyele; which previously consisted of the dipper beihg lowered into a
reservoirof milk and then being immediately raised into a fecepticle :
‘where‘the subject could drink,‘was changed so as the dipper remained
lowered in the:réservairfor a period of 5 seconds, Responding during
fhe delay period between the dipper descent and the dipper ascent had
- no programmed consequences, No exteroceptive stimulus was correlated
- with the delay period, Reiﬁforcementé in the other component (C2)

continued to be delivered without the delay interval,

5 A random-interval schedule is one in which reinforcements are
assigned randomly in time, Millenson (1963) gives a more complete
~ description of random-interval schedules.
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Following 9 sessiqns in which C1 reinforcements were delayed
by 5 seconds, the subjects received an additional 1k sessions with-
out the delay period in Ci,
| The procedure for subjects 39 and 40 was simliar to that of sub-
Jects 102 and 103 except for the omission of preliminery training and
the number ofisessions received during a particular cohdition. Summary

details of the procedure for these subjects, as well as for subjects

A: 102 and 103, are presented in Table 3,

, Table 3
Summary of Prbcéaure: Multiple RI 25 sec RI 25 sec Schedule
Reinforcement in S - Number of sessions
c1 Cc2 : 102 103 139 40
A. Tmmediate Tmmediate S 12 12 18 16
B. 5 Sec Delay TImmediate o 9 9 10* 12%
C. JTmmediate . Immediate i 14 13 13

* ,Sﬁbjécts 39 and 40 were not rﬁnAfbr 7\cbﬂsecﬁtive'day§ befﬁeen
the 7th and 8th sessions in this condition.

With the exception noted in Table 3; the subjects received
either 6 (subjects 102 and 103) or 7 (stbjects 39 and 40) sessions
each week; Experimental sessions occurred at about the same time‘each
day. |

Results

Figure 11 shows, for the different subjects, the rate of re-

- sponding in each component of the multiple RI 25 sec RI 25 sec sched-
ule before, during, ahd after the introduction of the 5 second delay
- of reinforcement in Ci. Panel A shows the rate of responding in Ci

and C2 of the multiple schedule during the last 6 sessions of pre-

Y
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Figure 11, The rate of responding, in feSponses per second, in

both components of the maltiple
Data are for subjects 39, 40, 10

RIL 25 sec RI 25 sec schedule,
2y end 103, Panel A shows the

last 6 sessions in which reinforcement was immediate in both

components, Panel B shows the se
in C1 was delayed by 5 seconds,
in which reinforcement in both c
arrows indicate where subjects 3
one~week period, ’

ssions in which reinforcement
Panel C shows the final sessions
omponents was immediate, The

9 and 40 were not run for a




liminary training in which there was no delay of reinforcement in Ci,
‘These sessions were used as a basline against which to assess the effects
produced by the introduction of delayed reinforcement in Ci, No system-

atic differences in the rate of responding in the two components of the

:.multaple.schedule can be seen .at this. stage.
The middle (B) panels of Figure 11 shows the rate of responding
in each component of the multiple schedule after the 5 second deléy"of

reinforcement was introduced in Ci. The rate of responding in the non-

delay component (CZ) is of particular 1nterest here. The rate of re-
sponding appeared to increase over its previous level when delayed rein-
forcément was introduced in Cl, Whether this increase in C2 response

rate was a case of behavioral contrast or merely the continuation of

trends established during the previous baseline condition 1s not en-
tirely clear for subjects 39 and 40, However, the data for the other
two subjects is more suggestive that the observod rate inerease in C2
| was béhavioral'contrast. The data for subject 103, in particular,

suggest that the rate increase in €2 was behavioral contrast resulting

from the introduction of delayed reinforcement in C1 since the increased

rate in C2 was a'complete reversal of the baseline trend,
Response rate during the delayed reinforcement component is also
shown in Figure 11, In computing response rate in C1 during the delayed

reinforcement condition neither the delay time nor responses during

the delay period were subtracted. Computing response rate in this
mammer tends to underestimate the actual rate in this component if the
subject did not reSpond or responded less frequently during the delay

interval, Since casual observation indicated that the subjects did




= forcement in Cl did not reduce the rate of respondlng in this com--,v

47,
-respond only occasionally during the delay interval, the computed -
rate of responding in Ci is actually a conservative estimate of the

actual reSponse rate in this component. Given this bias in the Cl re-

sponse rate it is still apparent that the introductlon of delayed rein-

ponent Por all of tne subJects. SubJect 102 showed an increased
rather than a decreased, rate of responding in the delayed reinforce-
ment component, The response rate for subject 40 did not appear te be

decreased, Subjec£ 39 is less clear. Only subject 103 showed a clear

A decrease in C1 response rate. These con51derations suggest that the
increase in C2 response rate did not result from a reduction in the
rate of responding in the delay component in all cases.

| The inerease in C2 response rate during the delayed relnforcement
'conditlon dld not appear to be the result of a decreased frequency of
reinforcement in C1 of the multiple schedule. Figure 12 shows the total

number of reinforcements obtained in each component of the multiple :

schedule for the three phases of the experiment., There is little evi-
dence that Cl reinforcement frequency decreased below that in C2 when

delayed reinforcement was introduced‘in C1 (panel B). The rather large

amount of variation in the total mmber of reinforcenents obtained in
both components during all three phases of the experiment was probably

due to the fact that reiuforcements were assigned with a probability

unit raﬁher than the convention punched tape used on variable-interval
» schedules.
When the subJects were returned to the orlglnal schedule, all

~subjects showed a temporary decrease in C2 response rate (C panel of

-
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Figure 12, The total number of reinforcements obtained in
both components of the multiple RI 25 sec RI 25 sec schedule,
Panel A shows the last 6 sessions in which reinforcement in
both components was immediate, Panel B shows the sessions in
which C1 reinforcement was delayed by 5 seconds. Panel C shows
the final sessions in which reinforcement in both components
Was immediate., The arrows indicate where subjécts 39 and 40
were not run for a one-week period, Data are for subjects 39,
4o, 102, and 103,
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Figuré 11). No sﬁbject. however, returned to its originél c2 base-
line level of responding, Response rate during both C1 and C2 tended

to level off at the C2 rate of the delayed reinforcementjcondition

(subjects Lo and 103) or increase above the C2 rate preValllng during
- the delayed-reinforcement condxtion (subjects 39 and 102)..
Discussion

While it is fairly clear that the 1ncreased rate of responding

observed in C2 during the delayed relnforcement condition did not re-

sult from a decrease in C1 response rate or from a decrease in the
‘number of reinforcements obtained in Ci.‘it is not perfectlj clear
whether the increased rate of responding observed in C2 was a genuine
case ofvbehavioral céntrast resultingvffom the introduction of the |
‘deiayed reinforcement in the C1 component or merely the continuation

of baseline trends, Interpretation of the rate increase in C2 is made
‘<more difficult by the fact that the original baselines rates of respond.
ing wére not recoverable after exposure to the delayed reinforcement
condition, Had the rate rate of responding in €2 réturned to the or-
igingl baseline level, a stronger cése for behavioral contrast could

have been made, There are some lines of evidence that suggest that

behavioral contraét may not always be reversible, In Several experi-
- ments conducted in our laboratory it has been frequently found that

behavioral contrast is not reversible (e.g. Pear and Wilkie, 1969).

Similar findings have been observed in an experiment by Bloomfield
(1967). | |
Granted the limitations of the present experiment)perhaps the
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“safest conclusion is that the introduction of delajed reinforcement
in one componentvof a multiple schedule may produce behavioral con-

trast in the other component, If the rate increase observed in the

non-delay component of the present experiment was behavioral contrast,

RO & ¥ would appear that neither a .reduced rate. of reSpond:Lng nor a re-

duced rate of reinforcement in one component of a multiple schedule

may be necessary to produce behavioral contrast,

2 E&perlment IV, A second experiment with delayed reinforcement in
a multiple schedule, - .

The present experiment attempted to provide additional inform-

ation on the effect of delayed reinforcement in a multiple schedule.

The experiment was essentially a replication, with different subjects,
of Experiment III. The experiment attempted to overcome some of the
limitations found in Experiment III, For example, an attempt was

made to obtain stabler ba'selines in ‘the present experiment than were
obtained in Experiment III, Also, responses made during the delay in-
terval were recorded. These end the time taken by the delé.y interVal
were used to calculate an accurate rate of responding in the delay‘

component,

Method
Subjects, Three adult male albino rats, obtained from the Holtzman Co.,

served. The subjects were experimentally naive and ranged in age from

- 109 to 138 days of age at the start of the experiment., The subjects
were reduced to 80 % normal free feeding body weight by food depri-
rivation. The subjects! 80 % weights were adjusted to control for

normal growth on the basis of data from Ezinga and Becker (in press), -
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The subjects were maintained at 80 ¢ normmal body ﬁéight by milk ob-
tained during experimental sessions and by supplements of Purina rat
food., The subjects had free access to water in the home ‘cage. The home

cage water contained oxytetracycline hydrochloride (Terramycin) on

‘about two-thlrds of the exper:\_mental days

A female homing pigeon also served. This subJect had sefved pre-
viously in Experiment I, The bird was maintained at 80 4 normal body
we:.ght by a grain mixture obtained durlng exper:uuental sess:Lons.

Wa’c.er and grit were contlnuously available in the home cage.

: EE aratuss The apparatus used for the rat subjects was the same as used
. in Experiment ITI, The apparatus used for the pigeon was the same as |
used in Experiment T, |
Procedure. After a short period of prel::_mlnary training, the rats were
placed on a multlple ’%I 25 sec RT 25 sec schedule, Reinforcement in
both components was immediate, The componen'ts were correlated with
vlight,. and darkness in the experimental space, Components lasted 256
seconds and were presented in strict alternation.

After several sessions (see’ Table 4 for details) on multiple

RI 25 sec RI 25 sec, the rats were shifted to g multiple RI 25 sec

RI,'2_5.sec schedule in which reinforcements in the first component (C1)
were delayed by a period of 5 seconds. The procedure for delaying rein-

forcement was the same as used in Experiment IIT. Responding during

the delay interval was recorded but had no programmed consequences.,
Smnmary details of the procedure for the ral subjects are pre-

sented in Table 4,
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Table 4
Summarv of- Procedure: Multiple RI 25 sec RI 25 sec Schedule
Reinforcement in - . Number of sessions
- Ci , - C2 P99 W6 Wil
A,  Immediate  Tmmediate 6. 22 20
B. 5 Sec Delay Immediate o 21 18 14

The pigeon (P3) was first placed on a multiple VI 1 min VI 1
min schedule, Reinforcement, which consisted of & seconds access to

a grain mixture, was immediate in both components of the multiple

schedule, The components, which were 5 minutes in duratlon, were cor-
related.with a red or blue-green llght prOJected on the rear of the
response key. The components_occurred in strict alternation throughout , ?
the session, | | |
After 12 sessions on multiple VI 1 min VI 1 min w1th immediate
relnforcement in both components the b1rd was placed on a multiple
VI i min VI 1 min schedule in which reinforcements in the blue-green
component (Cl) were delayed. Reinforcement was delayed in the follow-
ing manner, The first peck after a VI reinforcement assignment started

a clock which ran'for a fixed period of time, When this clock finishdd

running, a seéond‘clock. which operated the grain feeder, was started,
During the opefation of both clocks the stimulus on the response key

was extinguished. Key pecking during the delay interval was recorded

but had no programmed consequences, The value of the delay period
was varied in different sessions in an attempt to maintain the rate
of responding in the delay component at about the same level as was

- ocenrring during the baseline condifion. The value of delay used
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fduring the iQ-sessiehs in which delayed reinforcement‘was in force
was as follows{ 543:3,1,1,1,2,3,3, and 3 seconds, During these ses-
sions, reinfercement in the red component (C2) were delivered immed-
mmmmm“m”m o

. Sessions. for the pigeon consisted of 6 presentatlons of. each
component, Sessions for the rat subjects consisted of 5 presentations

of each component, Seven sessions per week were given, Sessions occurred

at about the same time each day. Sess1ons began in either C1 or C2

which Varied across 59551ons.
Results

Panel A of Figures 13 to 16 shows‘the rate of respondiﬁg in | i
ﬁoth_components of the multiple schedule during the last 14 (P99, W6, |
~and Wi1) or last 11 (P3) sessions in which reinforcement in both
combonents ﬁaSndelivered'immediately’afterbe résponse. Unlike the
comparable data in Experiment III, there'eppeared to be no trends in
- the response rates during the basellne phase of the present experi-
ment, Also it is evident that there is no dlfferentlal rate of re-
sponding in the twn components of the multiple schedule,

Panel B of Figures 13 to 16 shows the rate of responding in

both components for the sessions in which reinforcement in Cl was
delayed. Two measures of response rate are shown for the delay com-

ponent. The first, which will be called the uncorrected rate of re-

sponding, was computed in a manner similar to that used in Experiment
IIT. That is, the total number of responses in the delay component
was divided by the total time the delay component was in effect. This

measure is shown by the black circles eonnected by the solid lines,




'RESPONSES/SEC

110 20 30
~ SESSIONS

Figure 13, The rate of responding, in responses per second,
in both components of the multiple RT 25 sec RI 25 sec schedule,

" Data are for subject P99, Panel A shows the last 14 sessions

in which reinforcement was immediate in both components,
Panel B shows.the sessions in which reinforcement in ¢1 was

- delayed by 5 seconds. Two response rate measures are shown
“for Ci during the delayed reinforcement condition -

uncorrected (e—=2 ) and corrected (e----8) response rate,




55.

£
o
>
(U0,

)

[ 4

o
N

RESPONSES/S

W6

110 20 30
SESSIONS

Figure 1k, The rate of responding, in responses per second,
in both components of the multiple RI 25 sec RI 25 sec
Schedule, Datz.are for subject W6, Panel A shows the last
14 sessions in'which reinforcement in both components was

. immediate, Panel B shows the sessions in which C1 rein-
forcement was delayed by 5 seconds, Two response rate
measures are shown for C1 during the delayed reinforcement
condition - uncorrected (e—— ) and corrected (o~-~--0)
response rate,
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Figure 15. The rate of responding, in responses per second,
- 3n both components of the multiple RI 25 sec RI 25 sec
schedute, Data are for subject Wil, Panel A shows the last
14 sessions in which reinforcement was immediate in both
components, Panel B shows the sessions in which Cl rein.
forcement was delayed by 5 seconds, Two response rate
measures are shown for C1 during the delayed reinforcement
condition - uncorrected (é——e ) and corrected (e~--49)
response rate, o
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Figure 16, The rate of responding, in responses per
minute, in both components of the multiple VI 1 min
VI 1 min schedule., Panel A shows the last 11 sessions
in which reinforcement in both components was
immediate. Panel B shows the sessions in which C1
reinforcement was delayed. Two response rate mesgsures
are shown for Ci during the delayed reinforcement
condition - uncorrected (e——e) and corrected (e-~--0)
response rate. Data are for subject P3.
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. The second measure of response rate, called the corrected response rate,
ié shown by the black circles connected by the broken lines. This,re-
sponse fate measure was computed in the following manner -

| corrected response rate =

‘total responses in delay com onent - res nses in del
total time in delay component - total delay time

This measure subtracted out both responses occurring during the delay
1nterva1 and the time relnforcement was delayed to yield a measure

of response rate that is more comparable to the response rate meagsure
yln the non-delay component,

| o The 1ntroductlon of delayed reinforcement in Ci was followed
‘by an increased rate of responding in C2 for all subjects, This effect
4occurred within the first few sessions for all subgects except W6,
vThis subgect's rate of responding in CZ d1d not increase until 12 ses-
s;ons after the introduction of the delayed reinforcement in Ci, The
fact that the C2 rate did not inecrease sooner raises doubts about
whether W6's rate‘inérease in C2 was directly related to the intro-
duétioh of delayed reinforcement. However, it should be noted that
this subject responded quite often during the delay interval during
:the eérly sessions of the délayed reinforcement condition, While
subjects P99 and Wit averaged about 0,05 fesponses per second in the
delay interval, sﬁbject W6 responded at abéut.0.23 reSponseé per sec-
ohd during the first 12 sessions of the delay condition., During the
last 6 sessions of the delay conditioh, W6!'s rate of responding in
.the delay interval had dropped to about 0.10 responses per second,

The fact that the C2 rate of responding did not increase during the
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A_firstviz sessions of the delay schedule could have been due to a lack

-.‘fof exposure to delayed reinforcement caused by responding during the

" delay period. -

The increased rate of responding observed in the C2 component

B ﬁ,;did,netjappear“to,be.generally”correlated”wiih.decreases_insr35ponse -

rate in the delay component, This is especially true if one considers
the corrected, rather than the uncorrected response rate in the delay
component. Only for the pigeon- d1d the introduction of delayed rein-
forcement lead to a large decrease in Ci response rate, However,.the
decrease for this subject was only tempofary¢ When the deley interval
was shortened from its initial value of 5 seconds, the response rate
in C1 increased., The respense rate in C1 for this subject durihg the
last 6 sessions of the delayed reinforcement condition was approxi-
mately equal to the baseline rate, The data for the other subjects
also suggests that the increased rate of responding observed in the
non-delay component was not due‘to decreases in response rate in the
delay eomponent. The rate in C1 increased for subjects W6 and Wi1,
TheVrate in C1 for subject P99 remained at about the same level as
during ﬁhe baseline condition, Thus the rate of responding in C2 of
the multiple schedule increased regardless of whether the rate of
responding increased (W6 and Wil), decreased temporarily (P3), or
remained about the same (P99) in Ci after delayed reinforcement was
introdnced in this component.

The increased rate of responding observed in C2 did not appear

to be the result of a reduced frequency of reinforcement in Cl. The
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number of relnforcements obtained in both components for both phases
of the experiment is shown in Figure 17, Panel A of Figure 17 shows
‘the number of reinforcements obtained in both components when rein-

forcement in both components was immediate, Panel R shows the number

’of reinforcements ‘obtained dnrinv sessions in which relnforcement 1n'
Cl was delayed., There appeared to be little, if any, difference in
~ the number of reinforcements obtained in the delay and non-delay

components for P3. The data for the other subjects is not as clear,

" but if fewer reinforcements wefe_obtaihed in the delay component, the

difference was small and not consistent on a session~to-session basis,

Discussion
The results of this experiment support the tentative conclusion
reached in Experiment IIT that the introduction of delayed reinforce-
ment in one component of a multiple schedule produces behavioral con-
trast in the other, non—delay, component, The results of the present
experiment are considerably clearer in this regard than those of

Experlment ITI., While some of the increases in response rate in the

non-delay component in Experiment III could be interpreted as con-

tlnuatlons of baseline trends rather than behavioral contrast, the
results of the present experiment.suggest that the inerease in rate

of responding in the non-deiay component was behavioral contrast re-

sulting from the introduction of delayed reinforcement in the other
component.
Again, as in Experiment III, there is some evidence to suggest

. that the increased rate of reSpondingbobserved in the non-delay
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Figure 17, The number of reinforcements obtained in each component of the multiple RI 25 sec RI 25 sec
(subjects P99, W6, and W11) and multiple VI 1 min VI 1 min (subject P3) schedules, Panel A shows the
last 14 (11 for P3) sessions in which reinforcement in both components was immediate, Panel B shows
the sessions in which C1 reinforcements were delayed, ' ' s

o-[9
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component was not a result of a reduction in response or reinforcement
rate in the delay component. The occurrence of the increased rate of
responding in the non-delay component appeared to be independent of
response rate in the delay component. The rate of responding in the
“non-delay component‘incfeasediarterjthe*introduotioh_of the delajed-o.‘
- reinforcement regardless of whether.there was little or no chahge, a

temporary decrease, or an increase in the rate of responding in the

. delay component, Similarily, there is some ev1dence to suggest that -

the increased rate of respondlng in the non-delay component did not
result from a reduction in relnforcement frequency in the delay com-
. ponent, The data for subject P3 are suggestive in this regard., The
,data for the other subjects is less clear,but if the frequency of
reinforcement in the delay component was 1ese than.that in the non-
delay component, the difference between the two components was small
-~ and not consistent on a se551on-to~se551on basis. Also in this regard
it should be noted that similar differences sometimes existed durlng
the baseline condition)yet this did ﬁot lead to behavioral contrast.
Thus while the possibility is not eliminated entirely, there is some
evideoce to suggest that the rate of responding increase in the non-
delay. component did not depend upon a reduction in Feinforcement
frequency,

' 3+ Experiment V. A third experiment with delayved reinforcement in a
multiple schedule,

This experiment was another replication of Experiment III.

A longer delay interval was used for two of the three squects. The
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three rats from Experiment IV served.
| Method

Subjects.Subjects P99, W6, and.Wii served,

Appar aratus. The experimental chamber as well as the programmlng and re-

a;{cordlng equpiment was -identical to that of Experlment v,

Proceaure. Immediately followzng the completion of Experiment IV, the ‘
subgects were placed on a multlple RI 25 sec RI 25 sec schedule in
'whithfeinforcement‘in both components was immediate. After several

 sessions with immediate reinforcement in'both'components, the subjects

were shlfted to a multiple RI 25 sec RI 25 sec schedule in which rein-

‘ forcement in the first component was delayed by either 5 ( subject P99)
or 10 (subjects W6 and Wil) seconds, Summary details of the procedure

are shown in Table 5.

Table 5
Sumary of Procedure Multiple RT 25 sec RT 25 sec Schedule
Reinforcement in - Number of sessions
C1 C2 P99 W6 Wii
A, Tmmediate Immediate " ' i 21 22

B. Delayed Inmediate , 1 14 21

~ Other aspects of the procedure (e.g. delay procedure, component
duration, session length ete. ) were 31mllar to that of EXperlment
Iv,
Resulfs _
Figureé 18, 19, and 20 show the rate of responding in both

components of the multiple RI 25 sec RI 25 sec schedule during both
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- Figure 18, The rate of responding, in responses

per second, in both components of the multiple
RI 25 sec RI 25 sec schedule, Panel: A shows the ... . ...
last 5 sessions in which reinforcement was immediate . |

~in both components, Panel B shows .the sessions in.
which Cl reinforcement was delayed by 5 seconds,

. Two response rate measures are shown for C1.
during the delayed reinforcement condition -
uncorrected (e—e ) and corrected (e---6) response

. rate, Data are for subject P99, . B
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Figure 19. The rate of responding, in responses per -

second, in both components of the multiple RI 25 sec
RT 25 sec schedule., Data are for subject W6, Panel

A shows the last 5 sessions in which reinforcement
in both components was immediate, Panel B shows the
Sessions in which Cl reinforcement was delayed by

10 seconds, Two response rate measures are shown for
C1 during the delayed reinforcement condition -
uncorrected (¢—=e) and corrected (0---€) response
rats, .
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i Figure 20, The rate of responding, in responses per second, in
both components of the multiple RI 25 sec RI 25 sec schedule.
Panel A shows the last 5 sessions in which reinforcement was
immediate in both components, Panel B shows the sessions in
which Cl reinforcement was delayed by 10 seconds. Two response
rate measures are shown for Ci during the delayed reinforcement

condition - uncorrected (e——=) and corrected (e----) response
rate. Data are for subject Wii,
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phases of the experiment. Panel A of these figures shows the rate of
responding in the two components duringvthe.laet 5 sessions of base-

1ine conditions, Panel B shows the rate of responding in both compon-

‘ents for the sessions in whlch Ci relnforcements were delayed As

‘can be seen from these figures, all three subgects showed an 1ncreaeew
in C2 response rate following the introduction of delayed reinforce-
ment in C1. This rate increaee appeared soon after the introduction

of the delayed relnforcement in Ci, The fact that W6 showed an 1ncreased

" rate Soon after the introductlon of the delayed reinforcement is in-
terestlng in view of the results for this subject in Experlment IV
It will be recalled that this subject showed an increased response
rate some 12 sessions after the introduction of delayed reinforcement
in that experiment. It was suggested that‘this result ﬁight have been
due to the fact that this subject tended to respond frequently during

the delay interval., This explanation is supported by the present

experiment, Subject W6 responded infrequently (about 0,06 responses
per second) in the delay interval in the present experiment, This

finding suggests that the increased rate of responding observed in

the non-delay component of the multiple schedule is related to a
suppression of responding ( and a exposure to an actual delay of

reinforcement ) in the delay interval,

The rate of responding in the delay component is also shown
in Figures 19 to 20. The corrected rate of responding in C1 did not
appear to be redueed by the delayed reinforcement for subject Wi1,

"The rate ‘. of responding in C1 for the other two subjects did
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show an overall decrease following the introduction of the delayed
reinforcement, (During several of the delayed reinforcement sessions,
however, the corrected rate of responding in the delay component was
ébout the same as it was duringvihe baseline condition.,)

.. The number 6ffrqinforcements.dbtained'in,both;cOmponents of .
the miltiple schedule is shown in Figure 21. Panel A shows the last
5 sessions in which reinforcement in both‘components was immediate.
'Pahel B shows the sessions in which C1 reinforcements were delayed,
The nﬁmber of reinforcements obtained in the delay'component appeared
to be consistently lower than fhe number obtained in thé non-delay
'_'compohent. The difference in feinforcement fréquency in the two
componehts was not cbnsistént, however, on a session-to-session
basis,

- Discussion
The present experiment replicéted the majbr finding of the

‘earlier delayed reinforcement experiments, gig; that the introduct-
ion of delayed reinforcement in one component of a multiple schedule
produces behavioral contrast in the other, non-delay, component, All
three subjects in the present experiment showed an increased rate of
responding in the non-delay cbmponentvafter the introducfion of de-
layed reinforcement. It is.interesting to note that subject W6 showed
a more-or-less immediate increase in response rate in the non-delay
component following the introduction of delayed reinforcement in the
present experiment. This finding suggests that a suppression of re-

sponding during the delay interval)such as occurred for this subject




— | A} B A
= . _
L]

=560 [

Q.

% !

.

Z 40} 0
Ld."’J» Vd ‘r:

VV\‘/'H |

_ o 5
© 1 10 20
SESSIONS iR S

Figure 21, The total number of reinforcements
25 sec schedule, Panel A shows the last 5 sess

immediate. Panel B shows the sessions in which
_or 10 (subjects W6 and Wil) seconds.

obtained in each component of the multipie'RI 25 sec RI
ions in which reinforcement in both components was
Cl reinforcement was delayed by either 5.(subject P99)
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in the present experiment)is a.neéessary prereQuisite for the occurrenée
of behavioral contrast in the non-delay compoﬁent of the multiple sched-
ule, Since responding during the delay interval has the effect of
shortening the delay interval between response and reinforcement, a
-”msuppreQSion of¥r65ponding dnring“ihé;délaywihterial.ensures that the
subject is being exposed to the delay of reinforcement., This fact could
explain why subject W6 showed an immediate increése in response rate
in the present experiment and a slower increase in Expefiment Iv.
This problem would probably not have been encountered had fespond—
ing during the delay interval postponed the delivery of reinforcement.
This technique ﬁould have ensured a constant delay period between re-
sponses and reinforcement, '

While thé evidence is considerably weaker than in Experiment |
IV, there is some evidence in the present experiment which suggests
that a reduction in response rate in oné component of a multiple sched-
ule is not a necessary prerequisité for the occurrence of behavioral
contrast, This is that-the-response rate in the non-delay component
increased for subject Wil after the introduction of delayed reinforce-
ment in spite of the faet that there was no consistent decrease in the
corrected response rate in the delay component for this subject. There
is little evidence in the present experiment to suggest that the con-
trast observed was not due to a reduction in reinforcement frequency
in the delay component of the multiple schedule. The number of rein-
forcements obtained in the delay component appeared to be generally.. -
lower than the number obtaiﬁed in the non-delay component. This decrease

in reinforcement frequency in the delay component for W6 and Wil is
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not surprising considering the'iength of the delay intervale(io secdnds)
and the average interreinforcemen£ interval (25 seconds) used in the
present experiment, The decrease in reinforcement frequency in the de-
lay component for subgect P99 was probably attributable to the 1ow
'~“rate of- respond1ng'in the delay ccmpcnent shnwn"by fhis subaect
The results of the present, as well‘as'the previous, delayed

~reinforcement experimehts tend not to completely support the rate of
responding hypothesis of behavioral contrast. The data of EXperimeﬁt =
IV, in particular, suggest that a reduction in the rate of responding
in one oomponent of a multiple schedule is not a necessary condition
for the occurrence of behavioral contrast. The data for subject 102

in Experiment III and subject W11 in the present experiment elso‘
suggest that behavioral contrast‘may occur in situations where response
rate in one component of a mﬁltiple schedule is not decfeased. There is
also some evidence in these experiments to suggest that a reduction in
reinforcement frequency in one component of a ﬁultiple schedule is

also not a necessary prerequlsite for the occurrence of behaV1ora1 col-
trast, The data of the present experlment are not clear in this regard,
However; the data of the previous experiments, in particular the

data of subject P3 in Experiment IV, suggest that a reduced frequency
of reinforcement in one component of a multiple schedule may not be
necessary for the occurrence of behavioral contrast.

The findings of the present and previous delayed reinforcement

experiments are quite consistent with Bloomfield's interpretation of

behavioral contrast which views contrast as resulting from the shift
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to a less preferred (or worse) condifion in one component of a
multiple schedule, It is known (e.g. Chung, 1965; Chung and Herrn-
stein, 1967) that organismsvprefer immediate to delayed reinforce-
ment ThlS belng the case, the shift from immediate to delayed rein-
~forcement in the present experxments-would on “the basis of Bloom—
field's hypothesis, be expected to produce behavioral contrast. This,

of course, was what was observed,

4, Summary,

‘ Subjects were first trained on a two-coﬁponent multiple schedule
in which reinforcement in both components was delivered immediately
after é response, Reinforcement was scheduled on equal RI or VI sched-
ules in the two components, Following training with iﬁmediate rein-
forcement in both components, reinforcement in one component of the
maltiple schedule was deldyed by a few seconds; The major effect of
the aelayed reinforcement was to increase the rate of responding in
the non-delay componen£ of the multiple schedule. This contrast effect
did not appeaf to be dependent upon a reduction in the rate of respon-
ding or the frequenqy of reinforcement in the delay componeht in-all
-cases.' |

The delayed reinforcement experiments suzgest that a reduction

in response.and/or reinforcement rate in one component of a multiple
scheduleamzynot'bé a nécessary condition for the occurrence of behav.
ioral contrast in all cases. The results are, however, quite compat-
ible with Bloomfield's hypothesis which holds that behavioral contrast
is the result of a worsening of conditions in one component of a

multiple schedule,
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CHAPTER IV DISCUSSION

1. The necessary and sufficient conditions for the occurrence of‘beQ
havioral contrast, v

It w111 inwalled from Chapter I that there are three maJor

_ accounts of what constltutes necessary'and sufficlent condltlons for ;
the occurrence of behavioral contrast. These are (1) a reduced rate of
 responding in one component of a multiple schedule, (2) a reduced fre-
- quency of reinforcement in one component of a multiple schedule, and

(3) a worsening of conditions in one component of a multiple schedule.

The flndlngs of the present research suggest that a reduction in : .
response: .rate’.s in one component of a multiple schedule is neither

a necessary nor sufficient condition for the occurfence of behavioral
contrast, The results for the multiple VI VT schedules in Experiment

‘I show that a reduction in response rate in one component of a multiple

schedule by itself is not a sufficient condition for the occurrence of

behavioral contrast., Behavioral contrast was found in the delayed re-

- inforcement experiments reported in Experiments IIT, IV, and V despite

the fact that there was no general decrease in response rate in the

delay component, This finding suggests that a reduced rate of respond-

ing in one componenf of a multiple schedule may not be a necessary
prerequisite for the occurrence of behavioral contrést. These exper-

iments also suggest that a reduced frequency of reinforcement in one

component of a multiple schedule may not be a necessary prerequisite
for the occurrence of behavioral contrast. Contrast was found in the
non-delay component despite the fact that there was little, if any,

decrease in the rate of reinforcement in the delay component for at
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least some of ﬁhe éubjects. These data tend to limit the generality
of both the’rate.of'responding and rate of reinforcement interpretat-
‘iSns of behavioral contrast,

Lfﬁhe dita of the present experiments provide a considerable de-
' gree of'supporf for Bloomfield's hypothesis regarding the determlnants
of behavioral contrast It will be recalled from Chapter I that Bloom-
fieldts hypothesis, which holds that behavio?al contrast results from
a Worséning of conditions in one component of a mﬁltiple schedule,
accouﬁts for a‘considerable'amount of the experimentél evidence that
 'haS‘been used to support the rate of responding and frequency of rein-
forcement interpretationéeof behavioral contrast. The generality of:
this hypothesis is incréased by the present research. First, the fail-
‘ure to find behavioral comtrast on the multiple VI VT schedules in
'  Experlment I is combatlble w1th Bloomfield®'s hypothesis since another
,,exberlment ( EXperiment II) demonstrated that rats -do not prefer VI
: over vT schedules. This being the case one could conclude that the
| shift from VI to7y$ did.nét involfe a éhift tova worse or less'prefer-
:”red conditibn and that behavioral contrast would not Ee expected to ..
.. occuyr undér these conditions, Secondb'the océurreﬁce of behavioral
'contfast in the delayed reinforcement experiments couid be said to
result from a shift to a worse or less preferred condition in one com-
ponent of a multiple'schedule. The éhift fréﬁ immediate to delayed
~elnforcement could be consideyed as a worsenlng of conditions since
it is known (e.g. Chung, 1965) that animals prefer immediate as op-
‘posed to delayed reinforcement in a concurrent situation.

The findings of the,ﬁresent.research suggest then,that the
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major determinants of behavioral contrast in multiple schedules is the
change to a worse or less preferred condition in one component, A
worsening of conditions appears to be a sufficient and necessary con-

dition for the occurrence of behavioral contrast. This hypothesis of

- behavioral contrast appears to be more- general than the- response or
relnforcement rate hypotheses of contrast. In addition to accounting
for a considerable number of_experimental findings, Bloomfield's hypo-

thesis has another advantage. This is that it makes possible an inte-

' gration of several aspects of mnltiple.and concurrent performances,
Such an integratisn would appear desirable when one considers the
similarities of multiple and concurrent schedules, Concurfent schedules,

. particularly, those programmed with a changeover-key technique, can be ﬁ
sonsidered as multiple schedules in which the subject, rather than the
experimenter, controls the components (cf. Catania, 1966), Since
Bloomfield's'ﬁypothesis predicts that’sny'change to a non-preferred

“eondition will result in béhavioral contrast, findings from concurrent S
preference studies can be used to prédict whether or not a particular

change in one cémponent of a multiple schedule would be expected to

produce behaviorél contrast, The converse, prediction of preference
'iri a concurrent situation on the basis of whether or not behavioral
contrast was observed in multiple schedules, is also a possibility.

In conclusion, it would appear that Bloomfield's hypothesis

of behavioral contrast is the most general of the current hypotheses
of behavioral contrast. Just how general a hypothesis it is,is an
empiriecal questlon. It is also an empirical question if this hypo-

thesis can account for some of the other effects)such as the peak
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v'shift,that typically occur during the establishment of stimulus con-
trol over operant behavior,

2. Some considerations concerning the definition of behavioral
-contrast.

The data reported in this ﬁaper, in particular those from the.
delayea‘feinfofbeMenf experiments, are relevant to the problém.éf de-
fining behavioral contrast. Behavioral contrast has typically been
defined as a change in response rate in one component of a multiple
 schedu1e in a direction opposite the change in either response rate
(Reynolds, 1961a) or reinforcement'freqﬁenqy (Bloomfield, 1967) in the
other component, It is ob&ious,that all of the inereases in response
rate observed in the delayed reinfdrcement experiments would not,
acéofding to these definitiéns,be'considered as instances of behavior-
Val contrast, While it is true that the rate of responding did in-
creaée in one compohent of a multiple schedule after the introduction |
Qf delayed reinforcement in the other cgmpohent, there ﬁas not a
general decrease in either response or reinforceﬁent rate in the
delay component in all cases., This ébnsideration points out a dif-
ficulty with the above defihitions of behaVioral cohtrast, namely,
that they are more of an explanation than a definition of behavioral
»contraét. Defining contrast as a rate change in one component of a
multiple schedule in‘a direction opposite the chaﬁge in response
or reinforcement rate in that component logically implies that
contrast is dependent upon such changes, This problem has been

recognized by Bloomfield (1969) who has suggested that behavioral

contrast be regarded as simply " an uncalled for change in responding
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in one component of a multiple scnedule" (p. 219). To this could be
added, for the sake of clafity. "as a result of some change in con-
ditions in another componentﬁ This definition appears to encompass
quite well the types of effects observed in the delayed reinforce-~
“ment-experiments . In-addition, this def‘.mition 2150 has-the adven~
tage of incorporating the essential feature of the traditional def-
inition, namely, a change in the rate of responding in one component
of a multiple schedule, vhile at the same time not specifying in
advance the.types of changes in:the other component that will pro-
dﬁce such rate‘changes. This definition, bowever, fails to specify
the direction of rate change involved in behavioral contrast Pre-
sumably, a decrease in response rate in one component of a multiple
schedule ( which is typically called™egative behavioral contrastor
"negative inductiofi!see Reynolds:(1961a) ) would be considered as
behavioral contrast. One could get around this problem by defining
behavioral contrast as an uncalled for increase in response rate in
onhe component of a multiple schedule. This formulation, however, is
also incomplete, For example, Reynolds (1961b) has found that the
shift from multiple Extinetion Ektinction to multiple VI Extinction
produces an increase in response rate in the Extinction as well as
the VI component of the multiple schedule, The increased rate in the
Extinction component would, according to the above definition, be
considered as behavioral contrast. Such a rate inerease, however,
wouldinot be typically considered as a case of behavioral contrast.
These and similar considerations encountered in attempting

~ to define behavioral contrast suggest that defining behavioral
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.contrasi, at this stage, may be premature, Tt may be better to talk
about specifie, exﬁpirically Yestablished response rate changes in

| multiple schedules without attatching labels to such rate changes
until the causes - ie, necessary and sufficlent condltlons - of these

- changes have been emp:.rically well establlshed
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Appendix

6

"A Methodological Note Concerning Rate of Responding

The basic datum in operant conditioning experiments is typically
Arate oflrespoﬁding. This measure is generally expressed as an averaze
' rate.ofqreSponding over avparticular interval. The choice of an in-
terval over wﬁich to avérage response rate is imporiant in two respects,
First, the iﬁterval_should be short enough so that an effect may be
‘observéd. For examélé,_oﬁé’would not choose an interval of several
4.-hours over ﬂhiéh té average response rate if the effect was expected
" to last only.a few minutes, Effects observad‘are thus to a degres
dependent upon the time interval over which we choose to average
response rate, Secoﬁd, the time_interval should be long enough so that
S : ) ' :

- én'effectbis not obscured by short-term fluctuations in rate of respond-
T.ing. bné'would_nbtit&piéélly use an interval of one minute over which
S;ito'évefége'résﬁqn$e'rétévsinée minute-to-minute fluctuations'in~wate/of-
reséonding would ténd,t§ be large in most experiments and would tend to

| dbscure an.effect; esﬁecially‘if the effect was small.

N The choiqe of'ah.actual interval over which to average respénse
rate‘is'lafgely an empiricél matter.>The main criterion for choosing ~
an interval is ﬁhe'orderliﬁessvof the resulfing data.‘Any interval
-fﬁhich yields ordeiiyvdata can be consideredvappropriate. -
Once a time interval has been choosen, an average rate of responding

"‘fbr this interval can be computed. This is done simply by dividing the

total number of responses which occurred in the interval by the amount

6, This note concerns the rate of responding measurces plotted in
Figures 2,3,4,5,6,7,8,11,13,14,15,16,18,19, and 20,
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ofvtime:in tho ioterva1. The actual time 1nnit:au used is an arbitrary
mattér;_One could divide the number of responses in the interwval by
the number of seconds in the in terval to 3 Jie’d an average rate of
r95ponding exp?esséd in responses per second or one could divide by
the number of minutes in the interval to jield an average rate of
responding expressed in responses per minute and so forth. One could
conve*t WluhOUb distortinv the data, one average response rate to
another 81mp1y oy div1d1ng or maltlleinc by an appropriate conbtant
For example, one could convert an average rate expressed in responses
per minute to an average rate expressed in responses per second bj
dlvidinw the former by 60 " |
For the sake,of cqpvénience both average responses per minute

and average rebponseo per second .were used in the present experiménts.
:However, in all cases the bime interval over which responsc rate was
_averaéed was the same, viz,one complete dally session, 9e951on duration
varied somewhat between subjects and exper "Iments but was constant for
any sub1ect throuvhouu an experiment. In any event, the major comparlsoﬂs
in the present research were within rather uhan between subjects, For
fany given'subject,_both~the,rate of responding shown (either rasponse;
per second or reéfonses pérvminute)'and the period of.time_over which

‘this response rate was averaged was constant throughout an experiment,




