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INTRCDUCTION

Experimental investigations of behavioral contrast in
rigeons have gzenerally employed two-component multiple schedules,
A multi~-le schedule 1s one in which two or more reinforcement
schedules are alternated, with environmental stimuli signalling
which schedule is in effect. In most investigétions of behav-
ioral contrast, after the subjects have been trained on one
multivle schedule the reinforcement schedule in one of the two
comnonents 1s changed. If the subject's rate of responding
changes in opprosite directions in the two comvonents, behavioral
contrast is sald to ccecur, If resvonse rate decreases in the
changed comnonent and increases in the comTonent with the sane
gschedule throughout, this change is an instance of positive
contrast. Negatlive contrast 1s obtalned when there is a rate
increase in the changed component while rate decreases in the
constant component,

It may be rreferable to define positive and negative
behavioral contrast with reference to a baselline condition in
which the comnonents of the multiple schedule have the same
reinforcement schedule, For example, a change from a multiple
variahble-interval 30-sec variable-~interval 30-sec schedule
(mult VI 30-sec VI 30-sec) to a multiple variable-interval
30-sec extinction schedule (mult VI 30-sec EXT) produces an
increase in response rate in the constant VI 30-sec component and
a decrease in response rate 1n the changed component; 1.e.
positive contrast, A change from the mult VI 30-sec EXT schedule

back to the oririnal mult VI 30-sec VI 30~sec schedule produces a



decrease in response rate in the constant VI 30-sec component
and an increase in response rate in the changed component, This
has sometimes been referred to as an instance of negative
contrast rather than as a return to the baseline condition,
There has been some question (e.g, Schwartz, 1975) about whether
the same interpretatlion is appropriate for thlis type of
"negative contrast" and that obtained when one component of an
equal VI multinle schedule is changed to a richer schedule,
Because the present experlment includes numerous shifts between
an equal VI nmultiple schedule and a multiple schedule containing
VI and EXT componentg, 1t is felt that a clearer and more
conslstent-1nterpretation of the data may be made 1f the results
are described as positive contrast with return to baseline
rather than alternation of positive and negative contrast.

Many investigations of behavioral contrast were deslgned
to test two theories which were develored as explanations of
contrast., Reynolds (1961) hypothesized that contrast is due to
the change in the frequency of reinforcement in the changed
component, Terrace (1966) hypothesized that contrast is caused
by emotional responses which occur when the change in schedule
produces response suppresslon in one com-onent of the multiple
schedule, In her review of experlments designed to test these
two hypotheses, Freeman (1971) concluded that neilther the
reinforcement frequency nor the response suppressicn explanation
of contrast had been shown to be superior, She did not consider
any of the experiments an adequate test between these two ex-

'planations hecause reinforcement frequency and response suppres-



silon were confounded in most of the experiments and none had
controls for systematlc changes 1n response rate over extended
pericds of time,

Brown and Jenkins (1968) found that plgeons will peck a
resvonse key which 1s 1lluminated briefly just before response-
independent food presentations, Because the procedure "auto=-
matically” shapes the pigeons to keypeck, they called this
phenomenon "autoshaping.”" This behavicr has also been called
"autopecking," (e.g. Redford and Ferkins, 1974) and "sign-
tracking" (Hearst and Jenkins, 1974), The term sign-tracking
actually designates a broader class of hehaviors which includes
autoshaping, Hearst and Jenkins (1974, p., 4) define sign-
tracking as "behavior that 1s directed toward or away from a
stimulus as a result of the relation between that stimulus and
the reinforcer, or between that stimulus and the absence of the
reinforcer," In other words, these behaviors are conditioned
as a result of the response-independent stimulus-reinforcer
(S-S*) contingencies of the schedules, rather than the resronse-
reinforcer (R-S*) contingencies which occur with response-
dependent procedures,

Studies of autoshaping have led to an alternative inter-
pretation of behavioral contrast, which has been called ﬁhe
"additivity theory" of contrast (Schwartz, 1975). According
to the additivity hypothesis, contrast occurs because S-S¥* and
R-S%* relationshlps are superimposed in the multiple schedules
used to study behavioral contrast., Investigations of behavioral

contrast using pligeons, the keypeck response, and discriminative



stimuli located on the response key have obtalned rositive con-
trast as the schedule was changed from mult VI VI to mult VI EXT,
The R-S* effects in the VI comronents {(keypecking for contingent
food) are assumed to be equal in both multirle schedules. Gamzu
and Schwartz (1973) reported that autopecking 1s obtained only
If keylight stimuli are differentlally correlated with food
presentationg., Therefore, the mult VI EALT schedule is assumed
to contaln the S-S* relationships which elicit autopecking,
while the multiple schedule with equal VI components 1s not.

The sdditivity theory of contrast implies that since the behav-
lors produced by the R-8%* contingency and the S-5% contingencies
of the mult VI EAT schedule are topographically similar, and
both behaviors are directed toward the response key, the result
of' the superimposition of the two effects is the increment in
keypecking in the constant VI component which we call positive
behavioral contrast.

Several recent studies have provided evidence which
suprorts this additivity hypothesis. Gamzu and Schwartz (1973)
employed multivle schedules similar to those used in studies of
behavioral contrast except that food presentaticns were not
response contingent. When the schedule was multiple variable-
time 33-sec extinction {(mult VT 33-sec EXT), pigeons pecked the
key when 1ts color signalled the VI component. When the sched-
ule was changed to mult VI 33-sec VT 33-sec, rate of pecking
declined. Because these changes in response rates resemble
those found 1n studies of behavioral contrast using VI schedules,

Gamzu and Schwartz suggested that positive behavioral contrast



may result from keypecking elicited by the S-S# relationships
present in the mult VI EXT schedule.

Redford and Perkins (1974) used a similar procedure for
their VT subjects except that each bird with VI schedules was
yoked with a VI bird., All stimull were presented simultane-
ously to both birds, with food presentations contingent upon
the VI bird's keypecking on mult VI VI and mult VI EXT schedules.
The yoked subjects'® changes in rate of keypecking were quite
similar to the VI subjects' changes in response rate in the
constant component of the multiple schedules; 1.e. VI and VI
birds showed a similar contrast effect, This further supprorts
the notion that contrast 1s due to the sign-tracking behavior
elicited by the differential S-S* relationships of the mult
VI EXT schedule,

Keller (1974) devised a method for experimentally separat-
ing behavior due to S-S¥* effects and R-S5% effects of multiple
schedules., In his experiment, responses on cne of two keys
produced food occasionally, while responses on the other key
had no scheduled effect, The food key was illuminated with the
same color throughout all conditions, while the color of the
stimulus key changed when the components of the multiple‘sched-
ules changed. When the components of the multiple schedule were
the same VI schedule, subjects responded only to the food key.
When the schedule was changed to a mult VI EXT schedule, al-
though no contrast was shown on the food key, the birds began to
peck the stimulus kXey when it slgnalled that the VI component was

in force. The sum of the pecks to the two keys was similar to



contrast, This suggests that the increase in pecking normally
found in the constant comronent when the schedule components
sre signalled on the food key 1s due to the addition of S-S#%
effects to the R-5* effects when the multiple schedule 1is
changed to mult VI EXT. Although Schwartz (1975) replicated
Keller's results, other experimenters (Beavers, Note 1j

Edmon and Grisham, Note 2) d1d not obtaln pecking on the signal
key with a similar procedure. The difference in results may

be due to the more extensive training Keller's and Schwartz's
subjects had received prior to the lnitlation of this procedure,
Keller did not specify the comrlete experimental histories

of his subjects., Schwartz's subjects had previously recelved
training on multirle schedules in which the components were
signalled by the color of the fcod key; the same colors were
then used as the stimull which were located on the stimulus
key. This type of training may have increased pecking to the
signal key.

Further support for the additivity theory comes from
studies in which responses other than the keypreck did not show
contrast. Hemmes (1973) and Westbrook (1973) obtained positive
contrast with pigeons using a keypeck response, but did not
obtain contrast when the response used was a treadle preés or Aa
bar press, respectively., With the treadle press contingency,
the 5-5% contingencles and H-S* contingency result in responses
which are topographically dissimlilar and which are not directed
toward the same stimulus; one would not expect the combination

of these affects to be contrast,



The present study wss designed to test the implications of
the additivity theory of contrast for two orposins response
classes, FPrevlious studies of behavioral contrast have used
responses compatible with sign-tracking (keypeck) or orthogonal
to sign-tracking (bar press or treadle press). One purpose of
the present study 1ls to further test the additivity theory of
contrast by making food contingent on a response incompatible
with the autopecking tendency. The resronse used in this ex-
periment may be termed "other behavior" or "nonpecking;" it is
defined as a flve-second period in which the key is not pecked,
A differential reinforcement of other behavior (DRO) schedule
is one in which reinforcement 1is delivered only when the subject
does not make a certain response (for example, does not keypeck)
for a specified time interval., A DRC schedule has sometimes
been used in the changed component in behavicral ccontrast
experiments in attempts to hold either reinforcement frequency
or respcnse rate constant in the chanzed component in order to
distingulsh between the reinforcement frequency and response
suprression theorles of behavioral contrast., However, the
present experiment appears to be the flrst in which a schedule
similar to a DRO schedule was used in a constant component.

Positive contrast of a nonpeck (F) response would be ob-
tained where there 1ls an increase in nonpecking in the constant
component as the schedule is changed from mult VI VI to mult VI
EXT, Reynolds' reinforcement frequency theory of contrast does
not make differentlal predlicticns depending upon the respcnse

used; he seems to imply that changing the reinforcement sched-



ule from mult VI VI to mult VI EXT should produce rositive con-
trast for any instrumental response chosen., Terrace's response
suppression hypothesis seems to imply that no change in rate of
nonpecking should occur in the constant component, since non-
pecking presumably would not be suppressed in the EXT component,
The additivity theory of contrast implies a chénge in nonpecking
rate opposlte to positive behavioral ccntrast, There should be
a decrease in nonpeckling in the unchanged component as the
schedule is changed from mult VI VI to mult VI EXT because key-
pecking 1s elicited by the S-S* relationships in the mult VI EXT
schedule but not the mult VI VI schedule, This effect is re-
ferred to as "opposite to positive contrast"™ rather than as in-
duction for three reascns, The first 1s that the decrease in
response rate in the constant component is rroduced by the same
schedules which produce positive contrast when a keypeck re-
sponse 1s used. Second, use of the term induction implies that
an effect is produced by generalization across multiple schedule
components, Since the effect here is assumed to result from
effects other than generallzation, a term other than induction
is preferred, Finally, because one would not expect any change
in nonpeck rate in the changed component, the expected effect
does not fit a precise definition of ilnduction.

Studles of positive contrast using off-key discriminative
stimull wilth the keypeck response have not produced consistent
findings, Hemmes (1973) obtained positive contrast using
houselight stimnli and Westbrook (1973) obtalned positive

contrast using anditory stimuli. However, Redford and Ferkins



(1974) reported no positive contrast using houselight stimuli,
and Schwartz (1974, 1975) did not obtain positive contrast using
elther houselight or auditory stimuli,

Schwartz (1973) examined different conditions under which
autopecking would develop or be maintained, XKeylight and/or
auditory stimull were used to signal the compoﬁents of mult VT
EXT schedules. When an auditory signal was used, autopecking
was not acquired. However, after autopecking had been elicited
using a combination of a keylight stimulus and an auditory
stimulus, the auditory stimulus alone maintalned autopecking.
This suggests that if some type of training directs the sub-
Ject's pecking toward the response key, nonlocalized stimull may
maintailn that response on the key. Therefore, when the subject
is trained to peck the key for food, pecking eliclited by S-S*%*
relationships should be directed toward the response key with:
nonlocalized stimull as well as when the stimull are located on
the key. One would expect, therefore, that contrast would be
obtained using nonlocalized stimuli,

The present experiment was designed to further investigate
the effect of stimulus locatlon on behavioral contrast and to
determine whether contrast would be obtailned using a nonpeck
response, The reinforcement schedules used in the experiment
are summarized in Figure 1.

In order to further investigate the effects of stimulus
location on behavioral contrnst, in the present experiment
keylizht stimuli were employed for half the sublects and house-~

light stimuli for the other half. Inh each of these stimulus
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Figure Caption
Figure 1. Multiple schedules used in trailning., Stimulus C
signalled a VI 30-sec (P) component for Groups KL-VI and HL-VI,
For Groups KL-VT and HL-VT, stimulus C signalled a VT 30-sec
component., Groups KL-VI and KL-VT had keylight stimull; Groups
HL-VI and HL-VT had houselight stimuli.
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conditions, half of the subjects were trained to peck the re-
sponse key and obtained food on a VI schedule contingent upon
keyrecking in one of the components, the VI(F) compronent, of
each of two multiple schedules. One of these multiple schedules
included only VI components (the EXT schedule); the other con-
tained VI and EXT components (the EXT schedule). The other
half of the sublects in each stimulus condition did not receilve
keypeck training and recelved food on a VT schedule (1,e. ob-
talned access to food regardless of their behavicr) in one
component, the VI component, of each of the two multiple sched-
ules, As for the other subjects, one of these multivle sched-
ules contained only comnonents in which food was presented at
variable intervals (EXT schedule); the other schedule included
EXT components in addition (EXT schedule).

Training and stimull for the experimental groups are
summarized in Table 1, which illustrates that these groups
result from a 2 x 2 factorial combination of stimulus location
and training conditions,

In order to further assess the role of the topcgraphy of
the response, every subject was also exposed to a VI component
in each of the two multiple schedules in which the response on
which food was contingent was a nonpeck, the VI(F) component.,

A difference between the rresent experiment and most previ-
ous studies of behavioral contrast is that there is no "changed"
component, The change from the EXT schedule to the EXT schedule
leaves the VI and VT comronents unchanged, but the introductiocon

of the EXT component produces the dlfferential S5-5% relation-
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Table 1

Training and stimuli employed
for each of the four experlmental groups

Training
Pigeons Trained Pigeons Not Trained
to Direct Pecks to Direct Pecks
Toward Response Key Toward Respcnse Key
Stimulus
Location
On-key Group KL-VI Group KL-VT
(Keylight)
Off-key Group HL-VI Group HL-VT

(Houselight)
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ships which are assumed to affect keypecking tendencies. Thus,
although the results of the present rrocedure may not quite fit
the traditional definition of positive behavioral contrast,
thls procedure contains the elements which, according to the
additivity theory of contrast, are assumed to produce contrast
in the more tradltional procedures., An advantége of the design
used in the present study is that it allows the alternation of
the two multiple schedules; thus providing a "return-to~baseline"
control throusghout the experiment. Any long term systematic
changes in response rates should appear egqually in both sched-
ules, making it less cruclal to insure that measures are taken
at asymptote,

Specific predictions following from the additivity theory
of behavioral contrast are summarized in Table 2, This table
indicates for each experimental group whether a keypeck or a
nonpeck response wonld presumably be obtained in each VI or VT
component 1f only the R-S¥ relatlonships or the 5-S¥ relation-
ships of each multiple schedule were present. The rizhthand
column of the table 1s a predicticn of the difference in re-
sponse rates across multiple schedules based on the combinatlon
of R-S% gand S-5% effects; l,e, whether the respcocnse rate in each
component will be higher or lower in the EAT schedule than the
EXT schedule.

For Group KL-VI, the R-S* contlngencies favor keypecking
in the VI(P) component and nonpecking in the VI(F) component.
The Xey colors are not differentlally correlated with food 1in

the EAT schedule; these nondifferential S-5% relationships do
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not favor keypecking and thus pecking would not be obtained if
only this factor were operative, With the EALT schedule, the
1ntroduction of the EXT component produces S-S¥* correlations
which favor keypecking in both VI components, increasing the
rate of kKeypecking in the VI(P) component and decreasing the
nonpecking rate in the VI(?P) component.

For Group KL-VT, there is no R-8% contingency in the VT
comoonent. The R-S%* contingency in the VI(P) component favors
nonpecking., In the EXT schedule, the nondifferential S-S*
correlations do not favor keypecking., The differential S-S%
contingencles of the EXT schedule should produce keypecking in
both the VI and VI(P) components, thus increasing the kKeypeck
rate in the VT component and decreasing the nonpeck rate in the
VI(F) component,

For the HL-VI group, the R-3% contingencies favor key-
pecking in the VI(P) component and nonpecking in the VI(P) com-
ponent, The nondifferential $-S¥ correlations of the EXT sched-
ule should not favor keypecking. PFPrediction of the effects of
introducing the EXT component is not as stralghtforward for
this group as for the others, As noted above, results of
previous evperiments using off-key stimuli differed., Since
birds in this group were trained to peck the key for food in
the VI(P) comvonent (1.e. the "instrumental" pecks are localized
on the response key), it 1s predicted that pecking responses due
to S-8% effects should alsc be directed toward the response key,
thus inereasing the keypeck rate in the VI(P) component. It is

possible that non-symmetrical effects wlll be found for the
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VI(P) and VI(P) components of the EXT schedule for this group;
since nonpecking is rewarded in the VI(T) component and the
discriminative stimulli are not localized on the key, there 1s no
reason to expect that behavior elicited by S-5% relationships
would be directed toward the response key in the VI(F) component.

There is no reason to expect autopecking to develop in
Group HL-VT, with nelther training to peck the response key nor
stimull localized on the key. Therefore, the change in schedule
1s not expected to produce any change in response rate,

To summarize these predictions, a positive contrast effect
i1s expected in the VI(F) component for subjects in Groups KL-VI
and HL-VI and in the VT compconent for subjects in the KL~VT
group, An effect opposite to positive contrast is expected in

the VI(P) component for subjects in Groups KL-VI and KL-VT,
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METHOD
Subjects

Twenty-four experimentally naive rigeons obtained locally
were maintained at arpproximately 75% of their free-féeding
weizhts., They were housed in individual cages in a colony room
kept under constant illumination. Water and grit were always
avallable in the home cages.

Apparatus

Two identical experimental chambers 38 cm x 34 em x 293 cm
with walls, floor, and celling painted flat grey were used., A
transparent response key was centered in one wall 213 cm above
the floor and directly over the opening provliding access to the
grain feeder (Lehigh Valley). A stimulus projector {(Industrial
Electronics Engineers) was used to transilluminate the response
key with red, blue, yellow, or white light. The response key
could be coperated by a minimum force of avproximately 0,1 N,
Each keypeck produced a feedback c¢lick from the cperation of a
relay located behind the panel,

Houselights were white 6 watt General Electric lamps
located above a round translucent window (6.5 cm diameter)
centered in the celling of the experimental chamber. BRed, blue,
and yellow houselights were produced by the insertion of color
transparencies between the lamps and the window,.

Masking noise was provided by a ventilating fan and by
white nolse presented through a loudspeaker located in the
celling of the chamber behind the response panel, Schedullng

and recording equlipment located in an adjacent room consisted
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of an 8-channel tape reader, standard relay and timing equip-
ment, counters, and an event recorder.
Procedure

Subjects were randomly assigned to four grours of six
birds each., Each pigeon in Grouprs KL-VI and HL-VI received one
session of feeder habituation, Plgeons in Groﬁps KL-VT and
HL.VT were given two sessions of feeder habituation. During
feeder tralning, the response key was covered by grey tape and
the chamber was illuminated by a white houselight., For Groups
KL-VI and HL-VI, two sessions of keyreck training followed on
consecutive days, In the first, each pilzeon was shaped to key-
peck; the session then continued until the bird had earned 30
grailn presentations on a continuous reinforcement schedule,
Food presentations consisted of 3-second access to a mixture of
50% wheat and 50% milo. During food presentations, the only
11luninaticn in the chamber was from the feeder licht. In the
second session of keypeck tralning, grain became available at
variable intervals which were gradually increased up to 30
seconds., For each bird, keypeck training was carried out under
keylight and houselight conditions subsequently employed during
the VI(P) component of the training schedules,

The multiple schedules employed following pretraining are
summarized in Figure 1. For Groups KL-VI and HL-VI the procedure
emvloyed on the first ten sessicns followlng keypeck training
may be described as a mult EXT VI 30-sec (F) EXT VI 30-sec (P)
schedule, In this multiple schedule, which will be referred to

as the EXT-VI schedule, zraln became available on the same
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schedule in both VI components, but the response contingency
differed., In the VI 30-sec (F) component grain was contlngent
on a nonpeck (?): l.e, a five second pericd without a keypeck.
Food was contingent on a keypeck (P) in the VI 30-sec (F) com-
ponent. These two VI components alternated regularly, but were
always separated by an ELXT compronent in the EXT-VI schedule,

The next twenty days, the EXT-VI schedule and the BXLl-VI
schedule, a mult VI 30-sec (F) VI 30-sec (P) schedule, were
presented on alternate days. In the EXT-VI schedule, as in the
EXT-VI schedule, a nonpeck was required to obtain food in the
VI 30-sec (F) component, while a keypeck was required in the
VI 30-gsec (P) component, The VI{F) and VI(P) components alter-
nated regularly. Note that the only difference between the
two multiple schedules is the lnclusion of the EXT component
between successive VI components in the EXT-VI schedule. In
both schedules, the VI(F) and VI(P} components were of 33
seconds duration; the duration of the EAT compconent was two
minutes.

For Groups KL-VT and HL-VT, following feeder habitustion,
two multiple schedules were presented in the same manner as for
Groups KL-VI and HL-VI, The ELT-VT schedule, a mult EAT VI
30~sec (P) EXT VI 30-sec schedule, was presented on the first
ten days of training. The next twenty days, the E{LT-VT sched-
ule was alternanted with the ELT-VT schedule, a mult VI 30-sec
(P) VP 30-sec schedule, The EXT-VT schedule differed from the
EXT-VT gchedule only in the inelusion of an EXT component be-

tween the VI and VT components of the ELT-VT schedule, The
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only difference between the EXT-VT schedule and the EXTVI
schedule and between the BAL-VT schedule and the EKT-VI schedule
was in one component which was VT 30-sec in the VT schedules and
VI 30-sec (P) in the VI schedules.

Red, blue, and yellow keylight stimuli signalled the three
components of the two schedules for Groups KLQVI and KL-VT,
Schedule-color combinatisns were counterbalanced across pigeons,
The houselight was white for these birds., Group HL-VI and Group
HL-VT had houselight stimuli which were 1) a constant white
light, 2) 1lights flashing from yellow to white with the color
changing every half-second, and 3) lights flashing from red to
blue with the color changing every half-second., Schedules
assoclated with each houselight stimulus were counterbalanced
across pigeons, The keylight remained white throughcut all
conditions for these birds, For each bird, the VI 30-sec (P)
component was signalled by the same stimulus in both multircle
schedules; the same was true of the VI 30-sec (P) component for

the VI birds and of the VT 30-sec component for the VT birds,
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RESULTS

Figures 2-4 show mean response rates in each VI {(or VT)
component for each session for Groups KL-VI, KL.VT, and HL-VI,
Rate of pecking in the VI(P) component (or VT ccmponent) and
rate of nonpecking in the VI(F) component are plotted separately
for the EXT and EXT schedules. Table 3 gives individual subject
and group mean rates of responding in each component of each
schedule, averaged over the last ten sessions of each schedule
(the final twenty sessions),

Figure 2 indicates that for Group KL-VI, rate of pecking
in the VI(P) component was consistently higher in the EXT sched-
ule than in the EXT schedule. Rates of nonpecking in the VI(F)
component were lower in the EXT schedule than the EXT schedule,
In other words, positive behavioral contrast was obtained in the
VI(P) component, but an opposite effect was obtained in the
VI(F) component, All six of the birds in Group KL-VI had higher
mean rates of pecking in the VI(F) component of the EXT schedule
than in that comronent of the LEAT schedule; five of the six had
lower nonpecking rates (i.e, pecked more) in the VI(P)} component
of the EXT schedule than the BEAT schedule. Individual subject
plots are included in the appendix. The group mean pecking rate
in the VI(P) component was significantly higher in the EXT
schedule than the Eil schedule; F (1,5) = 19,4, p € ,01, The
difference in nonpecking rate in the VI(F) components of the
two schedules fell short of significance at the 5% levelj
F(1,5) = 6.4, .05 < p €,10, However, a comparison of the

pecking rates in the VI(F) components of the two schedules
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Figure Captionm
Figure 2. Group KL-VI mean nonpeck rate in the VI(F¥) component
and mean keypeck rate in the VI{P) component in each session.

Rates are plotted separately for the ZLT schedule and the EXT

schedule.
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Figure Caption
Figure 3. Group KL-VT mean nonpeck rate in the VI(F) component
and mean keypeck rate in the VI component in each session,
Rates are plotted separately for the EXT schedule and the EXT

schedule,
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Figure Caption
Figure 4, Grdup HL-VI mean nonpeck rate in the VI(F) component
and mean keypeck rate in the VI(F) component in each session.

Rates are plotted separately for the EXT schedule and the EXT

schedule,
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29

Subject and group mean response rates in each component of
each multirle schedule, averaged over the last ten sesslons
of "each schedule (the final twenty sessions).

Group KL-VI
Pigeon

523
682
570
74
24
63

Mean

Group HL-VI
FPigeon

Group HL-VT
Plgeon

397
8082

30
=8
8090
Lok
Mean

EXT Schedule

VI(F) VI(P)
(F/min) (P/min)
11.60 32,81
11,71 23.83
9,65 54,54
8.49 12,57
10.38 46,06
Bi531 63.36
10,06 38.87
VI(F) vT
(P/min) (P/min)
11.98 0.10
11,73 3,84
10,64 3.61
12.00 0,00
11.40 1,34
11.95 0.22
11,62 1.52
VI(P) VI(P)
(F/min) (P/min)
?-89 2301"8
9.61 19.39
11.44 15.88
8,39 64,31
10.70 22,19
9.78 21.28
9,64 27,76
VI(P) VT
(F/min) (F/min)
12,00 0,00
12,00 0,00
12.00 0,00
12.00 0.00
12,00 0.00
12,00 0.00
12,00 0.00

EXT Schedule

VI(P) VI(P) EXT
(P/min) (P/min) (P/min)
9.50 39,71 0,06
11,15 34,68 0,08
7.03 71.50 0.94
9,46 13.38 0.65
8,50 60,15 0. 54
6.38 75.82 4,21
8,67 49,21 1.08
VI(F) VT EXT
(F/min) (B/min) (¥/min)
11.87 0,01 0,00
11.07 6.49 0,51
8078 9!56 25!2?
12.00 0.01 0.00
11,86 0,48 0.14
11.77 0.46 0,01
1122 2,84 4,32
VI(P) VI(P) EXT
(E/min) (E/min) (P/min)
5.95 46,12 2.20
10,82 29,67 16.31
11,42 29,83 2.68
7.22 71,51 4,21
11.47 34.85 2,94
11,28 38,59 1,07
9.69 41,76 4,91
VI(F) VT EXT
(P/min) (¥/min) (P/min)
12.00 0.00 0.00
12,00 0.00 0.00
12,00 0.00 0.00
12,00 0,00 0.00
12,00 0.00 0,01
12,00 0.00 0,00
12,00 0.00 0.00
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showed that the rate of pecking in thils comvonent was signifi-
cantly higher with the EXT schedule than the EXT schedule,

F (1,5) = 6,86, p € ,05. The failure to reach statistical
significance with the nonpeck measure may be due to a lower
sensitivity of that measure to changes in responding, |

The group plot for Group KL-VT, Figure 3, shows a slightly
but consistently higher pecking rate in the VI component of the
EXT schedule than the EXL schedule. This difference was not
statistically significant; F (1,5) = 1.6, p » .05, No difference
was found between the nonpecking rates in the VI(?) components
of the two schedules; F (1,5) = 1,4, p > ,05. Although all
birds in this group began keypecking early in trainlng, only two
maintained pecking throughout training. Flots for these two
birds, pigeons 326 and 502 (included in the appendix)}, show
that pecking rates in the VT comvonent were generally higher in
the EXT-VT schedule than the EXT-VT schedule for both birds,
Rate of nonpecking was slightly lower for these birds in the
VI(P) component of the EXT schedule than the VI(P) component of
the EAT schedule. The direction of the effects is the same as
for Group KL-VI, although the effects are not as large.

Daily mean response rates for Group HL-VI in each VI com-
ponent of each schedule are shown in Figure 4. Keypecking rate
during the VI(P) compcnent was clearly higher in the EXT sched-
ule than with the EXT schedule. This difference is also appar-
ent on individual subject plots, shown in the appendix. All
s1x birds in Group HL-VI had higher mean pecking rates in the

VI(P) component of the EXT schedule than the VI(k) component of
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the EXT schedule (see Table 3)., This difference was signifi-
cant; F (1,5) = 39.9, p <€ ,01, There was no systematic differ-
ence between the nonpecking rates in the VI(F) components of
the two schedules for Group HL-VI; F (1,5) = ,01, p > .05,
Although these birds did show positive contrast in the VI(?)
component, the schedule change did not produce any difference
in nonpeck rate in the VI(T) component.

Birds in Group HL-VT did very 1little keypecking, as in-
dicated in Table 3.

Two measures were used to compare the amount of "contrast"
obtained in Groups KL-VI and HL-VI, If the measure of contrast
used for each bird is the simple_difference between response
rates in the two schedules, then differences in the amount of
contrast for the two groups are not statistically sizgnificant
for either the VI(F) component, F {1,10) = 1,3, p » .05, or the
VI(P) component, F (1,10) = 3.4, p » .05, A ratio measure of
contrast based on differences in rate between the two schedules
relative to the overall response rate was also calculated for
each bird, This contrast ratio (CR) was the number of pecks in
the VI(P) component of the EXT schedule (Fgyp) relative to

total pecks in the VI(P) components of both schedules; 1.e.

P
CR(p) = EXT » With this measure, a ratio of .5
PpxT + YEXT

indicates no difference 1n rate between the two schedules; a
ratio greater than .5 indicates a rositive contrast effect, and
a ratio less than .5 indicates an effect opposite to positive

contrast, All plgeons in both zroups had ratios above .5.
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CR(P) was significantly greater for Group HL-VI than Group
KL-VI; P (1,10) = 7,1, p € .025, The discrepancy in the results
for the VI(P) component using the two measures of contrast

occurs because the ratlo measure reflects relative response rate
while the simple difference measure reflects only the absolute
difference in response rate across schedules. Since pigeons in
Group HL-VI generally had lower keypreck rates than those in Group
KL-VI but showed approximately the same absolute differences
across schedules, higher ratio scores were obtained for Group
HL-VI,

Similar ratios were calculated for each bird for nonpeck

- Pyyp .
rates in the VI(P) components: CR(F) = . With

Prxr + PExm

thls measure, differences between the two groups were not sig-

nificant at the 5% level, F (1,10) = 2,2,
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DISCUSSION

The nonpeck response was used in the present experiment 1in
order to test the hypothesls that behavioral contrast depends
upcn the response orn which reward is contingent., More generally,
the relationshlp between the topography of the response main-
talned by the R-S%* contingency and the topography of the response
maintained by the S~8* relationships of the schedules will deter-
mine what effect will be produced when the R-S¥ and 5-S* effects
are superimposed., The additivity theory of contrast implies an
effect opposite to positive contrast when food is dependent upon
a nonpeck response because the R-5% effects and S-3% effects are
opposing in the VI(F) component of the EXT schedule, Group
KL-VI did4 show the expected effect; rate of nonpecking was higher
in the VI(F) component in the EXT schedule than the EXT schedule,
Group HL-VI did not show this effect, rresumably because neither
the instrumental response nor the discriminative stimuli were
locallized on the response key,

For Group KL-VI use of both the VI(F) and VI(P) components
in both multiple schedules makes possible the within-subject
comparison of contrast behavior with the two opposing resronse
classes, For each subject within Gronp KL-VI, a comparison was
made of the difference in pecklng rates between the two multiple
schedules for each of the VI components, In the EXT-VI schedule,
the 8-5% effect should presumably be about equal in the VI(F)
and VI(P) components, since the relationship of each to food
presentations 1s approximately the same. (Although the same

number of food presentations were available in both VI
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components, they were not always collected. Records were kept
of the number of food presentations in each component in each
sesslon, Because of equlpment fallure, these data are not
avallable for two of the last twenty sessions for three of the
birds in the KL-VI group, Based on the avallable data, ovef the
last twenty sessions the group mean number of food presentations
per session was 18,0 in the VI(?) component and 18.1 in the
VI(P) component,) Because both discriminative stimuli are
located on the response key, there should be the same tendency
to direct behavior toward it. Therefore the increase in ten-
dency to keypeck should be aprroximately the same in both com-
ponents, producing an increase in the instrumental response in
the VI(P) component and a decrease in the instrumental response
in the VI(F) component,

Table 4 shows the difference in rate of keypecking across
schedules for each VI component for birds in Group KL-VI, Five
of the slx birds had a higher rate of pecking with the EXT
schedule than the EXT schedule in both the VI(F) component and
the VI(P) comvonent. This indicates that the direction of the
S-8* effect 1s consistent across VI ccmponents. For every bird,
however, this difference was greater in the VI(P) component than
the VI(F) component. Thls difference between the two components
is difficult to interpret. It could be due to a response scale
nonlinearity; l.e. the same increase in response tendency may
effect a different increase in response rate, depending upon the
initial response rate. Al'ernatively, the difference in the

slze of the effect in the two components could indicate an
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Table 4

Differences in mean keypecking rates across multinle
schedules for each VI component for birds in Group XL-VI,

REXT - REXT

Figeon VI(F) Component VI(P) Component
523 5.86 7.90
682 2.54 10,80
570 5.92 16.66
7 -3,09 0.81
24 6.84 14,09
63 7.32 12,46

Mean h,23 10.45



36

interaction between the R-S* contingencies and the S-S% effects,
For example, the keypeck contingency might enhance and/or the
nonpeck contingency inhiblt the S5-S* effects or the nonpeck
contingency might cause pecks induced by S-S%* effects to be
directed away from the response key.

A significant contrast effect was found in the VI 30-sec
(P) component for both Group KL-VI and Group HL-VI, If a simple
rate difference between the two schedules is used as the measure
of contrast, the contrast effect for the two groups is not sig-
nificantly different. However, if a ratio measure, which relates
the difference in rate in the two schedules to the overall rate
of responding, is used, the contrast effect is statistically
larger for the HL-VI group than the KL-VI group. It is not clear
which of these measures 1s more appropriate. If superimposition
of S-S* effects is assumed to produce the same amount of key=-
pecking regardless of the level of responding maintained by the
R-8*%* contingency, the simple difference measure would be more
approprlate., The important roint to be made here is that the
contrast effect was significant for both the KL-VI group and the
HL-VI group.

This finding is not consistent with those previous experi-
ments 1n which no contrast was obtalned using a keypeck contin-
gency with off-key stimuli, A review of these exXxperiments leads
to a possible cxplanation of the inconsistent results in terms
of the "localizabllity" of the off-key stimuli. Hearst and
Jenkins (1974) pcint out that the localizability of a stimulus

influences the amount of sign-tracking directed toward the
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stimulus, For example, they point ocut that althouzh plgeons
will track auditory cues delivered through spatially separated
loudspeakers, the effect 1s not as strong as with more localized
cues such as keylights,

In studles of behavicral contrast using a keypeck response
but off-key stimuli, one would expect that the more localizable
those off-key stimuli, the more that behavior produced by the
differential S-S%* relationships would be directed toward the
off=-key stimuli and therefore away from the response key, pro-
ducing an effect in the direction opposite tc rositive contrast
of keypecking. Depending upon how much behavior was directed
away from the key, thls could result in a smaller contrast
effect, a fallure to obtain contrast, or an effect opposite to
positive contrast, Conversely, the less localizable (more dif-
fuse) the off-key stimuli, the less the behavior would be direct-
ed away from the response key, and the greater the likelihood
that behavior induced by the S-3% relationships would be recorded
on the response key, thereby producing vositive contrast,

Reports of investlgations of contrast using off-key stimuli
have sometimes referred to those stimuli as nonlocalized. It
seems appropriate to make a distinction between nonlocallzed
stimulil and stimuli localized to some degree, but localized away
from the response key. Probably the most diffuse off-key stimull
used in studies of contrast were houselight cclors, wilth the
houselights located above a translucent window in the celling of
the chamber, Of the three experiments which used thls type of

stimuli for some subjects, the present study and that of Hemmes
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(1973) did obtaln positive behavioral ccntrast with these condi-
tions, The third study, Redford and Ferkins (1974) did not re-
sult in contrast for birds with houselixht cues, However, in the
final phase of the Redford and Ferkins experiment, birds in the
H-VI group did not respond differentially to the VI and EXT
schedules signalled by the blue and green housélights. This may
explain their fallure to obtain rositive contrast., Schwartz
(1974, 1975) failed *o obtain positive contrast using houselight-
on and houselight-off conditions as discriminative stimuli. The
houselight used was located within the experimental chamber,
directly above the continuously transilluminated response key.
This houselizht is presumably a more localizable cue than the
houselizht colors used in the other experiments,

Keller's (1974) procedure used highly localizadble stimull
located off the operant (focd) key; these stimulil were colors
localized on a second response key., This procedure resulted in
no contrast on the food key, and a considerable amount of
pecking directed toward the stimulus key.

Schwartz (1974, 1975) and Westbrook (1974) used auditory
stimuli delivered through loudspeakers located behind the re-
sponse panel and to one side of the response key. One might
expect these cues to have an intermediate level of locallizabil-
1ty (Hearst and Jenkins, 1974). Thus findings of no contrast
(Schwartz) and a small contrast effect (Westbrook) using audi-
tory cues are consistent with the present interpretation,

To summarize, studles with localized off-key stimulil have

less often obtained behavioral contrast of a keypeck response
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than those with more diffuse off-key stimuli., This is presumably
because the behavior lnduced by the differential S-S* relation-
ships 1s directed toward the localized off-key stimull rather
than toward the response key. Unfortunately, of the above
studies, only the Keller procedure tested whether the subjebts
tracked the off-key stimull, It is difficult to predict a priori
how locallzable a particular stimulus is; therefore perhaps the
best way to predict whether contrast will occur is to test the
particular stimulus conditions with a respcnse-independent
procedure to determine whether subjects will track the stimull,
Although all of the birds in the KL-VT group began keypeck-
ing early in training, most did not continue pecking throughout
training. This unfortunately limits comparison of this group
wilth Group KL-VI} The direction of the differences in rate in
each component across multinle schedules was the same for both
Group KL-VI and Group KL-VT, However, these differences were
not significant in the KL-VT group. An attempt had been made in
the experiment to optimize conditions for the develorment of
autorpecking, for example, making EXT components relatively long
in comrarison to the VI and VT components, and beginning training
with the EXT schedule. ZKeypecking might have been malntalned
better by enriching the VT and VI(P) schedules or increasing the
duration of the EXT component, It is also possible that auto-
recking might have been increased by using different keylight
stimull to sisnal the VT component of the TAT and EAT schedules.
The results for Gronp HL-VT were as expected; very little

keypecking occurred and there were no differences in resvonse



Lo

rates within the VT and VI(F) components scross multiple
schedules,

Investigations of autoshaping, sizn-tracking, and the
additivity theory of behavioral contrast have indicated that it
is important to consider the resrionse-independent, stimulus-
centingent effects of experimental procedures designed to
investigate response contingencles., If the effects of the
S-8% relaticnships are ignored, misleading conclusions may be
drawn, perhaps sending subseguent research down a blind alley.
These studles have also shown that the cholce of an instrumen-
tal response cannct be made arbitrarlily because S-S¥% contingen-
ciles interact differently with different responses. As Hearst
and Jenkins (1974) have pointed out, this research has impli-

catlons for many cother areas 1in addition to hehavicoral contrast,
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‘ Figure Caption
Appendix A, Nonpeck rate in the VI(P) component and keypeck
rate in the VI(P) component of each session for individual

birds in Group KL-VI,
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Figure Caption
Appendix B. Nonpeck rate in the VI(P) component and keypeck
rate in the VT component of each session for individual birds

in Group XL-VT,
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Figure Caption
Appendix C. Nonpeck rate in the VI(P) component and keypeck
rate in the VI(P) component of each session for individual

birds in Group HL-VI,
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ABSTRACT

An experiment was conducted to test the additivity theory
of behavioral contrast by investlgating the effects of stimulus
location and the topography of the response upon which food is
contingent on behavioral contrast., Four groups of six pigebhs
each were trained on two multiple schedules each, Stimulil were
response key colors for two grours and houselight colors for the
other two groups} For one keylight group and one houselight
group, food was avallable on a varlable-interval schedule
contingent upon a keypeck in one component and a nonpeck in a
second component of both multirle schedules, Birds in the other
two groups received response-independent varisble-time food
presentations in one component and nonpeck-contingent variable=-
interval food presentations in a seccnd component of both
multiple schedules, For each subject, the only difference
between the two multiple schedules was that one contained an
extinction comronent in addition to the comconents already
described, Fositive behavicral contrast was obtained in the
keypeck-contingent variable-interval component with both
keylight and houselight groups. An effect opposite to positive
contrast was obtalned in the nonpeck-contingent variable-
interval schedule with keyllght blrds but not with hcuselight
birds, These results support the additivity theory of behavioral

contrast,



