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Behavioral contrast and the peak shift are both
phenomena which result from discrimination training. The
first free operant study of contrast in pigeons was con-
ducted by Reynolds (196la) who found that on multiple
schedules of reinforcement the rate of responding increases
from the nondifferential baseline rate in the presence of
one stimulus (Sl1) when that stimulus is correlated with a
variable interval (VI) schedule of reinforcement and a
second stimulus (S2) is correlated with extinction or
timeocut, Differential reinforcement of other behavior
(DRO), on the other hand, when correlated with S2 did not
produce increased responding in the presence of Sl.
Reynolds (196l1a) described behavioral contrast as "a change
in the rate of responding during the presentation of one
stimulus in a direction away from the rate of responding
prevailing duriné the presentation of a different stimulus"”
(p. 69).

The peak shift was first described by Hanson (1959)
who noted that when a stimulus generalization test follows
intradimensional discrimination training with a mult VI-EXT
schedule, the peak of the post-discrimination gradient
(PDG) is displaced away from 8+ in the direction away from
S-. Employing monochromatic stimuli,'Hanson found that the
magnitude of the peak shift depends upon the difference

between S+ and S-. The probability of obtaining a peak



shift and the magnitude of the peak shift increase as the
spacing along the stimulus continuum between S+ and S-
decreases (until the subjects can no longer discrimihate S+
from S-).

More recent investigations have shown that behavioral
contrast occurs in situations other than those described by
Reynolds., Whereas Reynolds' (196la) procedure involved a
shift from mult VI VI to mult VI EXT, Bloomfield (1966)
shifted from single stimulus VI (Sl1) to mult VI EXT and
obtained similar contrast effects. Behavioral contrast
also occurs in mult VI-FR schedules (Bloomfield, 1967a),
when reinforcement is delayed in one component of a multi-
ple schedule .(Keller, 1970; Richards, 1972; wWilkie, 1971),
in schedules in which the S- component is correlated with
punishment (Brethower & Reynolds, 1962), in schedules in
which timeout (darkening of the response key) is the nega-
tive stimulus (Friedman & Guttman, 1965; Sadowsky, 1973),
and in schedules in which blackout (darkening both chamber
and response key) is the negative stimulus (Sadowsky,
1973) . Lattal (1970), contrary to Brethower and Reynolds

(1962), did not obtain behavioral contrast with shock, but

the pigeons' histories of punishment prior to the
experiment may have influenced the results.,

Likewise, the peak shift occurs on continua of mono-
chromatic stimuli (Dysart, Marx, Mclean, & Nelson, 1974;

Hanson, 1959; Terrace, 1968), line angles (Bloomfield,



1967c; Winton & Beale, 1971), circle diameter (Wildemann &
Holland, 1973), and tones (Jenkins & Harrison, 1962). A
peak shift occurs when S- is of the same type that produces
contrast: extinction (Hanson, 1959), decreased reinforce-
ment frequency (Dysart et al., 1974; Guttman, 1959;
Terrace, 1968), shock (Grusec, 1968; Terrace, 1968), and
shorter reinforcement duration (Mariner & Thomas, 1969).

7 tical ] £ ¢ Behiavi 1 Cont !

Reynolds (196la,b) postulated two necessary conditions
for the appearance of behavioral contrast. He suggested
that a change in the rate of reinforcement prevailing
during the presentation of S- is a necessary condition for
the formation of behavioral contrast. However, as stated
earlier, Bloomfield (1966) found behavioral contrast when
the schedule was shifted from single stimulus to mult VI
EXT. In this situation the rate of reinforcement during
the S- trials was never changed and, therefore, this serves
as evidence contradictory to Reynold's notion.

Reynolds' notion that a decrease in response rate is
necessary during S- in order for behavioral contrast to
occur has also come into gquestion. Halliday and Boakes
(1974) observed behavioral contrast in two schedules in
which there was no reduction in response rate to S-. 1In
one case S- was response-independent reinforcement and in
the other S- was an extinction component very different

from the VI component (errorless). Kodera and Rilling



(1976) also found behavioral contrast with errorless dis-
crimination learning. These results are in conflict with
those of Terrace (1963) who did not observe behavioral
contrast with errorless learning and concluded that
responding to S~ is a necessary condition for contrast.
The reason for these discrepant findings is unclear.
Terrace (1966b) suggested that both behavioral con-
trast and the peak shift occur when there is a change for
the worse in one component of a multiple schedule. .The
aversiveness of stimuli correlated with nonreinforced
responding or a reduction in response rate causes an
emotional effect which leads to an increased rate of re-
sponding to S+. Terrace feels that response suppression is
necessary in order for behavioral contrast and the peak
shift to 6ccur and cites as evidence for this position his
finding that these two phenomena are absent during error-
less learning (Terrace, 1963, 1964). However, as stated
earlier, other researchers (Halliday & Boakes, 1974; Kodera
& Rilling, 1976) have found behavioral contrast associated
with an errorless discrimination, Terrace (1968) observed
that although not all of his pigeons exhibited behavioral
contrast and the peak shift, they either demonstrated both
or neither, He feels that these two phenomena always occur
together. There is much evidence (as enumerated earlier)
which supports this idea.

Amsel (1962) explained behavioral contrast in terms of



frustration. The frustration effect (FE) is "the carried-
over, enhancing effect of nonreward on the vigor of immedi-
ately following behavior™ (p. 308). More recently, Amsel
(1971) has suggested that when trials follow each other in
rapid succession, the frustrative effects of nonreward
should operate to increase the level of responding to an
immediately succeeding S+ and this accounts for contrast.
If the trials are spaced, however, the temporary frustra-
tion effects should diminish and no contrast occur. These
are indeed the results which have been observed. Contrast
occurs only in discrimination training situations which
employ relatively short intertrial intervals.

A theory resembling that of Terrace was advanced by
Premack (1969). According to this theory, a change in
preference results in behavioral contrast. When there is
an increase in the aversiveness associated with one compo-
nent of a multiple schedule, the relative preference for
the other component intensifies and an escalation in rate
of responding occurs. Contrast occurs only if S- is
capable of generating inhibition, However, Premack's
theory is vagque in that it does not really explain how this
change in preference produces contrast.

The most recently proposed explanation of behavioral
contrast is the response additivity theory advanced by
Gamzu and Schwartz (1973). They suggest that behavioral

contrast in an operant discrimination occurs when elicited



pecks (autopecks) are added onto the operant baseline.
This can also be thought of as the addition of responses
involving response-reinforcer (operant) and stimulus-
reinforcer (Pavlovian) contingencies. |

According to the response additivity theory, only a
response which can be autoshaped can produce a contrast
effect. 1In support of this idea, Westbrook (1973) did not
obtain behavioral contrast when pigeons pressed a bar by
foot and Hemmes (1973) obtained behavioral contrast when
pigeons key-pecked but not when they treadle-pressed on a
mult VI EXT schedule. However, McSweeney (1975) did notice
behavioral contrast when pigeons treadle-pressed on a
concurrent schedule and Bushnell and Weiss (1980) did
obtain both a peak shift and a small behavioral contrast
effect when pigeons pressed a treadle. The Bushnell and
Weiss study used a response-reset dependency in S- (i.e.,
S- is not terminated until a specific amount of time
elapses without a response) and, since this may have
increased the aversiveness of S-, the appearance of
behavioral contrast is evidence in support of Terrace's and
Premack's views.

According to the additivity theory, it would also be
predicted that contrast would occur only when the discrim-
inative stimulus is located on the operant manipulandum.
This restriction is necessary because autoshaping occurs

only with localized stimuli. In support of this notion,



Schwartz (1973) found that key-pecking was initiated and
maintained when the key color was a signal for food but not
when a tone was a signal for food. However, control of
key-pecking which had been established with the key color
could be transferred to a tone and subsequently maintained
by the tone. The noteworthy observation is that although
pecking which was autoshaped with a localized stimulus
could be transferred to a diffuse stimulus, pecking cannot
be autoshaped in the presence_of a diffuse stimulus.
Schwartz (1975) did in fact observe behavioral contrast
when the stimulus was located on the response key but not
when the stimulus was a houselight or tone. Similarly,
Redford and Perkins (1974) found behavioral contrast when
the stimuli were located on the key but not when they were
houselights, However, the Redford and Perkins study had a
problem since there was no evidence that the birds discrim-
inated. On the other hand, Farthing (1976) did obtain
behavioral contrast with auditory stimuli when a response-
reset dependency was used in S-. Westbrook (1973) did
likewise obtain a small amount of behavioral contrast with
tones.

Evidence in support of the additivity theory was ob-
tained by Boakes, Halliday, and Poli (1975). They super-
imposed free reinforcement on behavior maintained by a
response-dependent multiple schedule and response rate

increased in that component. They concluded that these



results support the assumption of the additivity theory
that contrast results from an interaction between behavior
maintained by response-reinforcer and stimulus-reinforcer
contingencies.

Keller (1974) measured response rate to both an
operant key and a signal key during discrimination train-
ing., The finding of no behavioral contrast on the operant
key but a small amount of behavioral contrast on the signal
key appears to lend support to the response additivity
theory of behavioral contrast since this theory states that
behavioral contrast results from a stimulus-reinforcer
relationship. In a similar experiment, however, Williams
and Heyneman (1981) did obtain behavioral contrast on the
operant key when a separate signal key was used. They
employed two operant keys in order to ensure stimulus
control by the signal key during the baseline phase.

During baseline, the signal key indicated on which operant
key responses would be reinforced. This procedure made it
necessary for the subjects to spend the same amount of time
observing the signal key during both baseline and
discrimination training. In Reller's (1974) experiment, on
the other hand, the subjects only needed to observe the
signal key during the discrimination and this interfered
with responding during that phase. Therefore, when changes
in the stimulus control relation between baseline and

discrimination training were eliminated, behavioral



contrast occurred; this is evidence against the additivity
theory of behavioral contrast.

Schwartz and Williams (1972) discovered that key-peck
durations with an omission procedure are different from
those with a response-dependent procedure. With an omis-
sion procedure, short duration (<20 msec) key—-pecks occur
while pecks two to five times longer in length are emitted
on operant schedules of reinforcement. This suggests that
there might be two different classes of key-peck: short
duration pecks controlled by stimulus-reinforcer contingen-
cies and long duration pecks controlled by response-rein-
forcer contingencies. Bearing this in mind, Schwartz,
Hamilton, and Silberberg (1975) measured response duration
to both an operant key and a signal key during discrimina-
tion training. The duration of responses on the signal key
was substantially shorter than those on the operant key.
However, since there was no behavioral contrast when the
rates on the two keys were summed and most signal key
responding occurred just after a stimulus change, Schwartz
et al. (1975) concluded that additivity theory may account
only for transient contrast. These results must be inter-
preted with caution since, as described earlier, Williams
and Heyneman (1981) did obtain behavioral contrast with a
two operant key procedure. It should also be noted that a
change-over delay (COD) was used and that there was no

response duration difference without a COD. Whipple and
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Fantino (1980) measured the duration of key-pecks in the
unchanged component of a discrimination. After a baseline
phase of nondifferential reinforcement, the pigeons were
given discrimination training. Although behavioral con-
trast was present, the average duration of the key-pecks
did not change. Assuming that there are two kinds of pecks
then according to additivity theory, the average duration
should have decreased based on the assumption that
response-independent and response-dependent pecks are added
together during behavioral contrast. The fact that it did
not is evidence against the theory. However, Perkins (in
press) hypothesizes that there are not two different kinds
of pecks. Rather, the briefer pecks may result when the
peck was intended to just miss the key. If this is indeed
the case and additivity theory is correct, it is still
difficult to see why it is the long duration pecks which
increase in frequency during behavioral contrast and not
these accidental brief pecks.
T} tical Expl £ £ Peak Shif

In addition to Terrace's theory of both behavioral
contrast and peak shift, two other theories have been pro-
posed to account for the peak shift. Spence's (1937)
theory is similar to that of Terrace's. Spence (1937)
developed a theory of what was later called intradimen-
sional discrimination learning to account for transposi-

tion. Transposition is observed when a subject responds
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more often to a novel stimulus which is displaced from S+
in a direction away from S- in a simultaneous discrim-
ination. This theory can be applied as well to successive
discrimination experiments. It includes five basic
assumptions: (1) there is an increase in the excitatory
tendency to respond to S+ as a result of reinforcement, (2)
there is a generalization of excitation around S+, (3) an
inhibitory tendency is produced by extinction of responding
to S-, (4) there is a generalization of inhibition around
S-, and (5) the predicted response to a stimulus is ob-
tained from the algebraic summation of these excitatory and
inhibitory tendencies. It follows from these postulates
that response rate to S+ in the PDG is less following dis-
crimination training than with single-stimulus training.
This last derivation is the only one which is not supported
empirically.

James (1953) proposed an explanation of transposition
based on Helson's adaptation-level theory (1958). This
theory may also be adopted to account for the peak shift.
According to adaptation-level theory, the response to any
stimulus is determined by the position of the stimulus
within a series of other stimuli and based upon the
adaptation level at that point. The adaptation level is
derived from the weighted average of all stimuli along the

dimension. That is, all stimuli affect the perception of
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any given stimulus. Discrimination training along the
spectral continuum causes stimuli past S+ in the direction
away from S- to appear more positive and stimuli past S- in
the direction away from S+ to appear more negative. This
explanation does predict the peak shift.

The present study is an attempt to test the response
additivity theory of behavioral contrast. This study also
examines the relationship between behavioral contrast and
the peak shift and some of the conditions under which they
occur. According to additivity theory, behavioral contrast
should manifest itself only in situations condusive to
autoshaping. In the pigeon, the only response which has
been found to autoshape is key-pecking and only when the
stimuli are located on the key. The response additivity
theory would be unable to explain the occurrence of
behavioral contrast with pigeons in the presence of a
response other than key-pecking and/or a stimulus not
located on the operant manipulandum. The attempts made
thus far in manipulating the stimulus and response in this
manner have met with conflicting results. A non-key-
pecking response not yet used in the study of behavioral
contrast is ring-pulling. Like treadle-pressing, ring-
pulling is not influenced by the stimulus-reinforcer
relationship. Although diffuse monochromatic stimuli have
been used before, they have always been houselights. Here

light from a slide projector which projects through filters
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of specific wavelengths and illuminates the entire chamber
is used. This method makes it possible to use stimuli of a
sufficient number of different wavelengths for the admin-
istration of a generalization test. Both Terrace (1968)
and Bloomfield (1969) have suggested that there is a
relationship between behavioral contrast and the peak
shift. 1If this is indeed the case, they should both occur
in the same situations and with the same subjects and a
theory which purports to explain one should also be able to
account for the other. Since additivity theory makes no
attempt to explain tﬁe peak shift, a confirmation of a
relationship between these two phenomena presents a real
problem for this theory. Therefore, stimulus generaliza-
tion tests were‘given to all pigeons following discrimina-
tion training. 1In addition, this may be the first study to
test the effects of discrimination training upon the shape
of the stimulus generalization gradient when diffuse
monochromatic stimuli are employed.

Before the major part of the study could be conducted,
it was necessary to determine whether the selected method
for presenting a diffuse monochromatic stimulus would exert
control over a pigeon's behavior. Since it has been shown
(Heinemann & Rudolf, 1963) that there is weaker stimulus
control with a diffuse than with a localized stimulus and
that stimulus control is enhanced by differential rein-

forcement (Jenkins & Harrison, 1960), it was decided to
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give interdimensional discrimination training between a
monochromatic light (555 nm) (S+) and a white light (S-) in
Experiment 1. A generalization test of wavelength conduct-
ed in extinction was administered at the conclusion of
discrimination training. Both key-pecking and ring-pulling
groups were used,

Experiment 2, likewise, employed both key-~pecking and
ring-pulling groups. The pigeons were first trained to
discriminate between two monochromatic stimuli--555 nm (S+)
and either 531 or 573 nm (S-)=--and then given a general-
ization test. Since diffuse stimuli were used, the demon-
stration of behavioral contrast in either group would be
strong evidence against the response additivity theory.

The presence of behavioral contrast in the ring-pulling
group would prove especially troublesome for those who
believe that the addition of autopecks and operant pecks is
the sole explanation of behavioral contrast.

Experiment 3 served as a control for the behavioral
contrast found in Experiment 2. The operant response was
key-pecking and the stimuli were located on the keyQ Dis-
crimination training was given between 555 nm (S+) and 576
nm (S-). Behavioral contrast is predicted in this situa-
tion regardless of theoretical orientation. The presence
of behavioral contrast here but not in Experiment 2 would
be evidence in favor of the response additivity theory of

behavioral contrast.
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EXPERIMENT 1

The purpose of this experiment was to ascertain
whether a diffuse monochromatic stimulus located on the
walls of the operant conditioning chamber would exert

control over responding.

Method
Subjects
Six experimentally naive pigeons were maintained at
75% of their free-feeding weights throughout the experi-

ment. Water and grit were available at all times in the

home cages.

Apparatus

All experimentation was conducted in an operant
chamber with standard relay programming equipment located
in an adjacent room. The chamber was made of 3/4 in ply-
wood and had internal dimensions of 32 cm x 26 cm x 43.5
cm. The ceiling, floor, and three of the walls were
painted white, The fourth wall was made of .4 cm thick
white Plexiglass. A 5.2 cm x 6.4 cm opening which allowed
access to a grain hopper was located 5 cm above a wire mesh
floor in the center of the wall opposite the Plexiglass
wall., A Grason Stadler response key was also mounted on

this wall directly above the food hopper 17.5 cm from the
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floor. The response key was transilluminated by a white
light projected from an Industrial Electronics display cell
equipped with No. 44 miniature lamps. A brass ring which
hung on a black wire 3 cm from the ceiling in a corner 6.5
cm from the food hopper wall and 6 cm from the wall oppo-
site the door served as the operant manipulandum for the
ring-pulling group. The ring had an outer diameter of 2.2
cm and an inner diameter of 1.7 cm. The ring was removed
for the key-pecking group and the key was covered with
white tape for the ring-pulling group. Key—-pecks or ring-
pulls were followed by feedback in the form of a click.
Noise from a ventilation fan which was continually present
in the chamber served to mask extraneous noises. Light
from a slide projector, located 96 cm from the chamber,
shone through the Plexiglass wall and provided constant
diffuse illumination in the chamber except during rein-
forcement pericds when a magazine light operated. The key
light was also extinguished during reinforcements for the
key-pecking group. Bausch and Lomb monochromatic filters
having peak wavelengths of 519, 531, 542, 555, 563, 573,
and 581 nm, which were mounted in front of the slide pro-
jector, constituted the stimulus source. (See Figure 1.)
Procedure

The subjects were randomly assigned to two groups, a
key-pecking group (KP) and a ring-pulling group (RP), with

three subjects in each group.



Figure 1.

Experiment 1.

Figure Caption

Schematic diagram of the apparatus used in

17
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Preliminary training. A stimulus of wavelength 555 nm

was used throughout this stage. On the first day, all
birds were magazine trained and then hand-shaped to either
peck the key or pull the ring. When the desired response
was established, 30 additional reinforcements on a contin-
uous reinforcement (CRF) schedule were given. On Day 2,
the subjects were again given 30 reinforcements on a CRF
schedule. On Day 3 and on Day 4, the birds received 30
reinforcements on a VI 10-sec schedule and on a VI 20-sec
schedule, respectively. On Day 5, they were placed on a VI
30-sec schedule (range = l7-sec - 52-sec) for 15 l-min
stimulus periods separated by 1l0-sec blackouts.

Phase 1 (Discrimination training). The pigeons were
placed on a mult VI 30-sec EXT schedule with 555 nm (S+)
and a white light (S-). Each daily session consisted of
30 1-min stimulus periods separated by 10-sec blackouts.
The two stimuli were alternated in a quasi-random order
with the restrictions that each stimulus be presented a
total of 15 times and no stimulus be presented more than
twice in succession. This schedule remained in effect for
a minimum of 15 days with the requirement that the average
discrimination index (DI) for the last five days be at

least .85.1

Phase 2 (Stimulus generalization test). On the next

day, 10 l-min periods of discrimination training identical

to those of Phase 1 were given to each subject. This was
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immediately followed by the administration of a generaliza-
tion test conducted in extinction. The test consisted of
seven stimuli (519, 531, 542, 555, 563, 573, and 581 nm)
presented in five different random sequences in a counter-
balanced design for a total of 35 l-min periods separated
by l0-sec blackouts. Each bird received a different
sequence in order to prevent systematic sequence effects

across birds.

. 1 i Di .
1imi - 3 Pl ]

All birds in the KP group were key-peck trained in one
day. One bird in the RP group (83) was ring-pull trained
the first day but the other two birds (91 and 92) required
two days to acquire the response.

Every subject in each group remained on discrimination
training (Phase 1) for 15 days. The discrimination was
acquired quite rapidly by both groups. The asymptotic
level of discrimination was reached by the third day of
training. This high level of discrimination was maintained
throughout the remainder of the training period. The mean
DIs for the last five days of training for the KP and RP
groups averaged across birds were 97.43 (range = 93.26 -
99.65) and 96.24 (range = 92.18 - 99,33), respectively.
This performance indicates that the stimulus did indeed

exert control over the subject's behavior.
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Acquisition rates plotted in terms of DI scores for
both groups are depicted in Figure 2. A repeated measures
analysis of variance (Groups x Days) of these DI scores
indicated that a significant difference existed between the
two groups, F(1l,4) = 9.36, p<.05. The KP pigeons started
with higher DI scores and reached asymptote faster than did
the RP pigeons., DI scores also increased with days,
F(14,56) = 8.65, p<.0001l. The mean overall response rates
during S+ in terms of responses per minute were 100.23 for
the KP group and 20.83 for the RP group. These means are
significantly different, F(1,4) = 56.55, p<.003. Rate of
responding during S+ increased over days, F(14,56) = 2.42,
p<.02. The mean overall response rates during S- in terms
;f responses per minute were 4.35 for the KP group and 1.90
for the RP group. These means are not significantly
different., Rate of responding during S- decreased over
days, F(14,56) = 3.70, p<.00l.

The finding that the KP pigeons learned the discrimi-
nation faster than did the RP pigeons can be explained by
noting that the KP birds responded at rates much faster
than those of the RP birds. Therefore, although response
rates to S- did decline at the same rate, the S+ response
rates for the two groups are disparate and the subjects
with the greater S+ response rates (i.e., the KP pigeons)
would be expected to have higher DI scores. This accounts

for the statistically significant difference in acquisition
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Figure Caption
Figure 2. Mean discrimination index scores plotted as
a function of days for subjects in each group during Phase

1 of Experiment 1.
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rates reflected in Figure 2.
Rhase 2

Another test of stimulus control is the shape of the
generalization gradient produced after interdimensional
discrimination training between a monochromatic stimulus
(555 nm) (S+) and a white light (S-). The post-discrimi-
nation gradients (PDGs) are presented in Figures 3 and 4
for the KP and RP groups, respectively. The response rate
for the mean PDG for both groups did peak at S+ and
decremental generalization gradients were obtained with
wavelengths progressing further away from S+. The
gradients for all of the birds in the KP group peaked at
555 nm (S+). In terms of area under the gradients,
however, two of the three birds (82 and 90) did show a
preference for the longer wavelengths. The gradients of
two of the three RP birds (83 and 9%2) peaked at 555 nm
(S+); the other (91) peaked at 563 nm. Although ocne
subject (92) produced a fairly symmetrical gradient about
555 nm (S+), the other two (83 and S1) also showed a
preference for the longer wavelengths.

This preference for the longer wavelengths may be
indicative of a natural preference for some colors over
others. Several reseachers (e.g., Oppenheim, 1968; Tracy,
1970) have found that ducklings have pecking preferences
for wavelengths within the green region of the spectrum.

It seems reasonable to presume that perhaps pigeons also
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Figure Caption
Figure 3. Mean and individual stimulus generalization
gradients for the stimulus generalization tests conducted

during Phase 2 of Experiment 1 for subjects in Group KP.
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Figure Caption
Figure 4. Mean and individual stimulus generalization
gradients for the stimulus generalization tests conducted

during Phase 2 of Experiment 1 for subjects in Group RP.
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have color preferences. The results obtained here suggest
that there may be a tendency to prefer those wavelengths in
the yellow-orange region of the spectrum. The interdimen-
sional discrimination training given here did not entirely
eliminate this predilection. Despite this observation,
there is no doubt that the chromatic stimulus dimension did
exert control over the pigeon's responding.

In conclusion, this experiment has demonstrated that
diffuse monochromatic stimuli which are located on the
walls of the operant conditioning chamber do exert control

over the subject's behavior.



30

EXPERIMENT 2

Since it has been established that the chosen method
for presenting diffuse monochromatic stimuli does exert
control over behavior (Experiment 1), behavioral contrast
and the peak shift may now be studied using this procedure,
In this experiment, the effects of intradimensional dis-
crimination training between diffuse monochromatic stimuli
on changes in response rate during discrimination training
and on the PDG are investigated. Both key-pecking and

ring-pulling groups are employed.

Method

Subjects

Fourteen experimentally naive pigeons were maintained
at 75% of their free-feeding weights throughout the experi-
ment., Water and grit were available at all times in the
home cages.
Apparatus

The operant chamber was the same as that used in
Experiment 1.
Procedure

The subjects were randomly assigned to four groups,
two key-pecking groups, KP(A) and KP(B), and two ring-

pulling groups, RP(A) and RP(B), with four subjects in each
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A group and three subjects in each B group.

Preliminary training. A stimulus of wavelength 555 nm
was used throughout this stage. Preliminary training was
identical to the first four days of preliminary training of
Experiment 1.

Phase 1 (Nondifferential training (ND)). All pigeons
were then placed on a mult VI 30-sec VI 30-sec schedule,
Each daily session consisted of 16 l-min stimulus periods
separated by l0-sec blackouts. The two stimuli (555 and
573 nm for the A groups and 555 and 531 nm for the B
groups) alternated in a quasi-random order with the re-
strictions that each stimulus be presented a total of eight
times and no stimulus be presented more than twice in
succession, Responses during both stimuli were reinforced
equally. This schedule remained in effect until a stable
rate of responding was maintained for five consecutive days
in the presence of both stimuli. Average rate of respond-
ing on the last five days constituted the baseline.

Phase 2 (Discrimipation training (TD)). This stage
consisted of a mult VI 30-sec EXT schedule. Each daily
session consisted of 30 l-min stimulus periods separated by
l0-sec blackouts. The stimuli used in the VI 30-sec and
EXT components were 555 nm (S+) and either 573 nm (A
groups) or 531 nm (B groups) (S-), respectively. The two
stimuli were alternated in a quasi-random order with the

restrictions that each stimulus be presented a total of 15
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times and no stimulus be presented more than twice in
succession. This schedule remained in effect until two
criteria were met. First, a stable rate of responding must
have been maintained for the last five days for both
stimuli. Second, the average DI for those five days must
have been at least .85.1

Phase 3 (Stimulus generalization test). This stage
was similar to Phase 2 of Experiment 1, with the exception
that a 10-min session identical to Phase 2 of this experi-
ment instead of Phase 1 of Experiment 1 preceded the
generalization test.

Phase 4 (Discrimipation training (TD)). This is a

repetition of Phase 2,

Phase 5 (Nondifferential traiping (ND)). This is a

repetition of Phase 1.

Results

all birds in the KP groups were key—-peck trained in
one day. Four birds in the RP groups (52, 64, 69, and 74)
were ring-pull trained the first day. Two RP pigeons (56
and 89) required two days and one (8l) required three days
to acquire the response.

Five other pigeons were successfully trained to pull
the ring but had to be eliminated from the experiment after

2, 7, 14, 17, and 38 days on ND. Each of these subjects
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either responded for only a portion of each daily session
and/or did not respond at all on some days. One bird would
stop responding after several instances of tripping on its
tail. It had a habit of holding its tail down, and this
would result in the tail getting caught in the grating on
the floor., This behavior persisted despite trimming the
tail feathers,

One bird in Group RP(B) (64) had been responding at a
low rate and missing many reinforcements while on ND de-
spite the fact that it had been continuously manipulating
the ring. It was decided to reshape the criterion
response. Over a period of two days, between Days 8 and 9
of ND, the response was reshaped and the schedule was
gradually changed from CRF to mult VI 30-sec VI 30-sec
(ND), This procedure succeeded in re-establishing the
response.

The mean number of days on ND was 17.57 (range = 8 =
32) for the KP birds and 21.71 (range = 11 - 34) for the RP
birds. The specific number of days spent by each subject
in every phase of the experiment are shown in Table 1.
Behavioral Contrast

Rates of responding for every subject for Phases 1, 2,
4, and 5 of the experiment are presented in Figures 5-8.

As can be seen in the figures, six of seven KP pigeons (55,
60, 65, 75, 76, and 79) exhibited an increased rate of

responding in the presence of S+ during discrimination



Number of Days in Each Phase

for Pigeons in Experiments 2 and 3

Table 1

34

Phase
Group subject 1 2 32 4 5 Total
Experiment 2

KP (A) 55 24 14 5 15 58
58 17 33 5 7 62
60 13 19 19 15 66
65 8 25 7 24 64

KP (B) 75 11 12 9 11 43
76 32 24 6 10 72
79 18 28 16 9 71

RP(A) 52 17 30 14 20 81
56 15 29 5 18 67
69 34 18 5 7 64
74 19 24 6 9 58

RP (B) 64 26 20 6 10 62
81 30 12 6 17 65
89 11 13 5 23 52

Experiment 3

59 29 40 21 90
62 23 30 43 96
66 35 38 9 82
67 14 36 23 73

AThe stimulus generalization test was conducted in

Phase 3 of Experiment 2,
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Figure Caption
Figure 5. The rates of key-pecking in the presence of
555 and 573 nm during Phases 1, 2, 4, and 5 for subjects in
Group KP(A) of Experiment 2. The horizontal line through
the last five days of Phase 1 denotes the mean response
rate for 555 nm and represents the baseline. The two
vertical lines separating Phases 2 and 4 indicate the

placement of the stimulus generalization test (Phase 3).
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Figure Caption
Figuré 6. The rates of key-pecking in the presence of
555 and 531 nm during Phases 1, 2, 4, and 5 for subjects in
Group KP(B) of Experiment 2, The horizontal line through
the last five days of Phase 1 denotes the mean response
rate for 555 nm and represents the baseline. The two
vertical lines separating Phases 2 and 4 indicate the

placement of the stimulus generalization test (Phase 3).
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Figure Caption
Figure 7. The rates of ring-pulling in the presence
of 555 and 573 nm during Phases 1, 2, 4, and 5 for subjects
in Group RP(A) of Experiment 2. The horizontal line
through the last five days of Phase 1 denotes the mean
response rate for 555 nm and represents the baseline. The
two vertical lines separating Phases 2 and 4 indicate the

placement of the stimulus generalization test (Phase 3).
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Figure Caption
Figure 8. The rates of ring-pulling in the presence
of 555 and 531 nm during Phases 1, 2, 4, and 5 for subjects
in Group RP(B) of Experiment 2. The horizontal line
through the last five days of Phase 1 denotes the mean
response rate for 555 nm and represents the baseline. The
two vertical lines separating Phases 2 and 4 indicate the

placement of the stimulus generalization test (Phase 3).
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training (Phase 2) when compared with the last five days of
baseline (Phase 1). It may be concluded that these pigeons
did demonstrate behavioral contrast. The other pigeon (58)
demonstrated no change in response rate when placed on TD.
Of the six KP pigeons who demonstrated behavioral contrast,
the response rates of four (60, 65, 75, and 79) returned to
baseline level while they were still on TD. The other two
subjects (55 and 76) retained the increased rates of
responding throughout TD.

Five of seven RP pigeons (52, 69, 74, 81, and 89)
showed a decrease in rate of responding when placed on .D
when compared with baseline. This phenomenon is labeled as
negative induction. There was no change in response rate
for the other two pigeons (56 and 64). Four of the five RP
pigeons (52, 69, 74, and 89) who demonstrated negative
induction increased their response rates back up to the
baseline level while on TD. The other subject (81) did
increase responding after the initial decline but did not
return to baseline.

An interesting phenomenon occurred, however, with
respect to the RP subjects. It was observed that when
response rate--as measured in ring-pulls--decreased, there
was a corresponding increase in rate of pecking at the
ring. As response rate returned to baseline level, rate of
ring-pecking declined. This behavior was evident in all of

those pigeons who showed a negative induction effect.
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This, however, was not systematically investigated.

One of the KP pigeons (79) exhibited behavioral con-
trast followed by negative induction., During the negative
induction stage, the bird was observed to peck rapidly at
the wall to the left of the key during S+.

Every subject was placed back on ND (Pﬁase 5}. The
two KP birds (55 and 76) whose response rates had remained
at an increased level throughout TD did not change their
response rates when returned to ND. The rates of respond-
ing of Birds 75 and 79, whose response rates had both re-
turned to baseline level while on TD, stayed at that level
after their return to ND, However, the other two birds (60
and 65) whose response rates had reverted to baseline level
and the bird (58) who did not show behavioral contrast,
actually increased their rates of responding'when placed
back on ND.

None of the RP pigeons exhibited any systematic
changes in response rate from TD to ND. A special proce-
dure needed to be used with Pigeon 89. For the first 10
days on ND, this subject had made zero responses in the
presence of 531 nm. 1In order to reinitiate responding, it
was decided to give it 30 reinforcements on a CRF schedule
in the presence of 531 nm for one day. This method did
successfully effect responding to 531 nm. However, due to
a cracked beak, training was discontinued before the

response rates stabilized on ND.
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Peak Shift

Stimulus generalization tests were given to all sub-
jects in Phase 3. PDGs for every bird and mean gradients
for each of the four groups are presented in Figures 9-12,
Four of seven KP pigeons (55, 65, 75, and 76) and six of
seven RP pigeons (52, 56, 64, 69, 8l, and 89) showed a peak
shift.

Although Pigeons 60 of Group KP(A) and 79 of Group
KP(B) did not demonstrate peak shifts, they did display
large area shifts and interpolated peak shifts (i.e., if
another stimulus point had existed between 555 and 542 or
563 nm it appears likely that the gradient would have
peakéd at that point). Terrace (1966c) found that some
subjects who did not show a peak shift did show an area
shift.

The RP(A) pigeon (74) who did not exhibit a peak shift
did display an area shift. However, it should be noted
that this subject responded during only eight of the 35
stimulus periods of the generalization test and, therefore,
the reliability of the resulting gradient is questionable.

Peak shifts were obtained going in both directions;
five of eight A group pigeons (52, 55, 56, 65, and 69) and
five of six B group pigeons (64, 75, 76, 81, and 89) showed
peak shifts. Two of the three .. group birds (60 and 74)
and the B group bird (79) who did not have peak shifts did

have area shifts.
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Figure Caption
Figure 9. Mean and individual stimulus generalization
gradients for the stimulus generalization tests conducted

during Phase 3 of Experiment 2 for subjects in Group KP(A).
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Figure Caption
Figure 10. Mean and individual stimulus generaliza-
tion gradients for the stimulus generalization tests
conducted during Phase 3 of Experiment 2 for subjects in

Group KP(B).
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Figure Caption
Figure 1l1. Mean and individual stimulus generaliza-
tion gradients for the stimulus generalization tests
conducted during Phase 3 of Experiment 2 for subjects in

Group RP(A).
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Figure Caption
Figure 12. Mean and individual stimulus generaliza-
tion gradients for the stimulus generalization tests
conducted during Phase 3 of Experiment 2 for subjects in

Group RP(B).
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Upon comparison of the PDGs obtained in this experi-
ment with those of Experiment 1, it is noted that the peaks
‘of 10 of 14 pigeons shifted in this experiment although
only one of six gradients peaked at a stimulus other than
S+ in Experiment 1.

Every pigeon who displayed behavioral contrast also
produced a peak and/or area shift. PFour of these birds
(55, 60, 75, and 76) had behavioral contrast during the
five days immediately preceding the generalization test,
whereas the response rates of the other two birds (65 and
79) had declined from the elevated rate prior to the day of
the test. It is noteworthy that the only KP pigeon (58)
who did not demonstrate behavioral contrast was also the
only KP pigeon who had neither a peak shift nor an area
shift.

There was no relationship between negative induction
and a peak and/or area shift. Of the five RP birds who
showed negative induction, four (52, 69, 81, and 89) had
peak shifts and the other one (74) had an area shift,
However, both RP birds (56 and 64) who did not show nega-

tive induction did demonstrate peak shifts.

Dj ;
Behavioral Contrast
The most important findings in this experiment were

the presence of behavioral contrast with a key-pecking
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response and negative induction with a ring-pulling
response. While these data appear to be consistent with
the response additivity notion of behavioral contrast, a
different interpretation emerges upon further scrutiny of
the results.

According to the response additivity theory of Gamzu
and Schwartz (1973), behavioral contrast will occur only in
those situations which are condusive to autoshaping. Since
autoshaping has previously been demonstrated to occur only
with localized stimuli (Schwartz, 1973), additivity theory
cannot explain the presence of behavioral contrast with
nonlocalized stimuli.2 Therefore, the demonstration of
behavioral contrast in the present study by the KP birds
runs counter to what would be predicted from additivity
theory. On the other hand, these results are consistent
with what would be predicted from the theories of Terrace,
Amsel, and Premack. Since the theories of Terrace and Amsel
are similar, it would be reasonable and economical to
consolidate them and name the product the "emotional
theory" of behavioral contrast. According to the emotional
theory, behavioral contrast is caused by a change for the
worse in one component of a multiple schedule. This theory
makes no assumptions regarding the location of the stimuli,

The majority of the RP subjects, on the other hand,
exhibited negative induction. It appears that the reduct-

ion in response rate is caused by a competing response. It
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was observed that concurrent with the diminished rate of
pulling the ring, there was an increased rate of pecking

3 These ring-pecks competed with the ring-pulls

the ring.
and resulted in negative induction,

This negative induction can be interpreted as an
example of the phenomenon of regression. When organisms
are placed on extinction, their behavior frequently reverts
to that which was displayed at an earlier time during their
training. The majority of the birds had passed through a
stage of pecking the ring during the shaping procedure.
Upon placement on 1D with the consequent introduction of
periods of extinction, their behavior may have reverted to
the earlier behavior of ring-pecking. This regression may
be a consequence of the frustration caused by the omission
of reinforcement during the extinction component. These
ring-pecks then interfere with the ring-pulls and result in
negative induction, Therefore, an emotional theory can be
used to explain both the behavioral contrast with the KP
birds and the negative induction with the RP birds.

The behavioral contrast for four of the six KP pigeons
who showed contrast and for all five of the RP pigeons who
showed negative induction lasted for only a short period of
time. This is similar to the "peak behavioral contrast"
described by Bloomfield (1966) and also obtained by Terrace
(1966a). This temporary effect is further evidence in

favor of an emotional theory. Excitatory behavior occurs
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at the beginning of the discrimination and then dissipates
with time., Although there is some evidence that autoshap-
ing also diminishes with time (Wasserman, 1973), the de-
cline is more gradual than in the peak behavioral contrast
obtained here. Both Bloomfield (1966) and Terrace (l1l966a)
found that a response-reset dependency in S- is necessary
in order to obtain peak behavioral contrast. In those
studies, however, after the peak effect, the response rate
did remain at a level which was still above baseline,
whereas here the response rate dropped all the way back
down to the baseline level. The difference may be due to
the fact that their procedures involved localized stimuli
whereas in the present study diffuse stimuli were used.
Perhaps the initial increase in responding with a key-
pecking response is due to emotional factors and the
prolonged contrast is caused by the stimulus-reinforcer
relationship. 1If this is indeed the case, then with
key-pecking one would expect only temporary (peak) behav-
ioral contrast with diffuse stimuli but extended behavioral
contrast with localized stimuli.

There is evidence to support the idea that there are
two types of behavioral contrast. This may be inferred
from the behavior of one of the KP pigeons (79). This bird
initially exhibited an increase in rate of key-pecking upon
placement on TD (peak behavioral contrast) which was fol-

lowed by a decline in key-pecking to a level below that of
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the baseline rate (negative induction). This decline in
key-pecking was accompanied by rapid pecking at the wall to
the left of the key. This odd behavior seems understand-
able when one considers that the diffuse discriminative
stimulus was located on the wall. Thus, in the case of
this pigeon, behavior at the beginning of TD was apparently
affected by emotional factors, but later behavior was
perhaps influenced by the stimulus-reinforcer relationship.

Based upon the results obtained here, one would expect
extended behavioral contrast to occur only with key-pecking
and the stimuli located on the key. The findings in this
area are inconsistent. As elaborated upon previously,
McSweeney (1975) and Bushnell and Weiss (1980) both found
behavioral contrast with treadle-pressing but Hemmes (1973)
and Westbrook (1973) did not. An obvious problem with
these studies is that the experimenters measured only the
response of treadle-pressing., They did not observe what
else their pigeons were doing. The present study demon-
strates the importance of observing one's subjects.

The response additivity theory can perhaps be modified
to account for both the behavioral contrast exhibited by
the KP pigeons and the negative induction shown by the RP
pigeons., Since the response which increases in both cases
is pecking, these added pecks may be elicited by the
stimulus. Although diffuse stimuli were employed, Schwartz

(1973) found that ongoing responding in the presence of
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diffuse stimuli is affected by the stimulus-reinforcer
relationship. 1If this were true, it would be expected that
both behavioral contrast and negative induction would
persist for the duration of discrimination training.
However, this was not the outcome obtained here; only two
of the six KP birds who demonstrated behavioral contrast
retained the increased rate of responding throughout TD.

While this version of the additivity theory could
explain the behavior of these two subjects, it seems more
parsimonious to hypothesize that once rate of responding
has increased it may become conditioned to the schedule
and, therefore, remain at the new level (Mackintosh, 1974,
p. 374).

On the other hand, this modified additivity theory can
account for the behavior of the RP subjects who pecked at
the ring. These pecks may have been elicited by the dis-
criminative stimulus and directed at the operant manipul-
andum (i.e., the ring). The temporary nature of this
behavior may have been a result of the operant contingency
predominating over behavior maintained by the stimulus-
reinforcer relationship. The source of the discrepancy
between Schwartz's (1973) results and those obtained here
may also lie in the fact that while Schwartz used a tone,
diffuse monochromatic stimuli were used in the present
study. The reason for the disparate results obtained with

the different modalities is unclear.
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A test of behavioral contrast is the return of the
response rates back to baseline level when the subjects are
placed back on ND after discrimination training. However,
this was difficult to measure in this experiment since most
of the pigeons' response rates returned to baseline level
while still on TD., The response rates of two KP birds did
remain at the increased level throughout TD. When these
two birds were returned to ND, their response rates did not
systematically change from what they were on TD. This may
also be an effect of the conditioning of the rate of res-
ponding to the schedule. Although Reynolds (196la) did
observe a return to baseline response rate when the birds
were placed back on ND, few later researchers included the
second ND phase in their experiments. Bloomfield (1967b)
did not obtain a decrease in rate of responding in ND
following TD; however, when the birds were again placed on
TD their rates further increased. Therefore, a return to
baseline may not be essential in order for one to conclude
that behavioral contrast is present.

Peak ghift .

Although a peak shift has been obtained with tones
(Jenkins & Harrison, 1962), this is apparently the first
demonstration of a peak shift with diffuse monochromatic
stimuli. Similarly, while Bushnell and Weiss (1980)
reported a peak shift with treadle-pressing, this is the

first demonstration of a peak shift with a ring-pulling
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response. It may be concluded from these results that the
peak shift in pigeons is not restricted to the response of
key-pecking nor to the localization of the discriminative
stimuli.

With respect to the question of a relationship between
behavioral contrast and the peak shift, if these two pheno-
mena do have the same underlying cause as suggested by
Terrace (1966b), they would be expected to occur in the
same situations and with the same subjects. While every KP
pigeon who displayed behavioral contrast also had a peak
and/or area shift, and the one KP pigeon who had no behav-
ioral contrast had no peak or area shift, there was no
relationship between the display of negative induction for
the RP pigeons and the appearance of a peak shift. Al-
though all seven of these subjects did show peak and/or
area shifts, two of them did not demonstrate negative
induction. 1If negative induction in the RP pigeons is
indeed analogous to the behavioral contrast demonstrated by
the KP pigeons, then one would expect to find peak shifts
in the same birds who show negative induction.

In addition to the requirement that behavioral con-
trast and the peak shift occur with the same pigeons, the
notion that these two phenomena are related also necessi-
tates that a peak shift occur only if the generalization
test is given while behavioral contrast is present on the

discrimination (Terrace 1966a). This prediction was
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clearly not supported. A peak and/or area shift was
demonstrated by every pigeon who'displayed behavioral
contrast regardless of whether the behavioral contrast was
occurring at the time of the generalization test. On the
other hand, if behavioral contrast is an emotional effect
then it is possible that after the behavioral contrast has
diminished these emotions are aroused again during the
generalization test. The fact that this test is conducted
in extinction and when many unfamiliar stimuli are present-
ed may be sufficient to reinstate the emotional condition
and the peak shift results. If this were the case, a peak
shift should occur with errorless discrimination learning.
Since Terrace (1964) did not obtain a peak shift with
errorless learning, it is unlikely that behavioral contrast

and the peak shift result from the same process.



EXPERIMENT 3

This experiment was conducted to test the idea that
there may be two types of behavioral contrast associated
with discrimination training: peak behavioral contrast
caused by emotional factors and extended behavioral
contrast caused by the stimulus-reinforcer relationship.
If this is indeed the case, then one would predict that
with localized stimuli and a key-pecking response the
increased rate of responding would persist throughout
discrimination training. Here both components of
behavioral contrast--emotional behavior and elicited
pecks--would be present. The procedure used in this
experiment is nearly identical to that of Experiment 2; it
differs in that the discriminative stimuli are located on

the key and only the key-pecking response is studied,

Method
Subjects
Four experimentally naive pigeons were maintained at
75% of their free-feeding weights throughout the experi-
ment, Water and grit were available at all times in the

home cages.

Apparatus

The operant chamber was identical to the one used in

73
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Experiments 1 and 2, with the exception that all four walls
were made of white painted plywood. Ménochromatic stimuli
with peak wavelengths of 555 and 576 nm were produced by
Kodak wratten filters nos. 99 and 73 which were in the
display cell located behind the key. A 7 W, 120 VAC house-
light mounted in the upper corner of the chamber opposite
the key and the door provided constant diffuse illumination
in the chamber except during reinforcement periods when a
magazine light operated.
Procedure

The operant response was key-pecking with the stimuli
located on the key.

Preliminary training. A stimulus of wavelength of 555
nm was used throughout this stage. Preliminary training
was nearly identical to the first four days of preliminary
training of Experiment 1 with the only difference being the
location of the discriminative stimulus on the key in this
experiment.

Phase 1 (Nondifferential training (ND)). The pigeons
were placed on a mult VI 30-sec VI 30-sec schedule. Each
daily session consisted of 16 l-min stimulus periods
separated by l0-sec blackouts. Two stimuli (555 and 576
nm) alternated in a quasi-random order with the restric-
tions that each stimulus be presented a total of eight
times and no stimulus be presented more than twice in

succession, Responses during both stimuli were reinforced
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equally. This schedule remained in effect until the
criterion of a stable rate of responding was maintained for
five consecutive days for both stimuli. Average rate of
responding on the last five days constituted the baseline.

Phase 2 (Discrimination training (TD)). This stage
consisted of a mult VI 30-sec EXT schedule. Each daily
session consisted of 30 l-min stimulus periods separated by
l10-sec blackouts. The stimuli used in the VI 30-sec and
EXT components were 555 nm (S+) and 576 nm (S-). These two
stimuli were alternated in a quasi-random order with the
restrictions that each stimulus be presented a total of 15
times and no stimulus be presented more than twice in
succession, This schedule remained in effect until three
criteria were met. First, the bird must have been on this

4 Second, a stable rate of

schedule for at least 30 days.
responding must have been maintained for the last five days
for both stimuli. Third, the average DI for those five
days must have been at least .85.1

Phase 3 (Nondifferential training (ND)). This is a

repetition of Phase 1.

Results
1okt ini i P] ]
All birds acquired the key-pecking response on the
first day of training. Mean number of days on ND was 25.25

(range = 14 - 35). Table 1 shows the number of days spent
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by each subject in every phase of the experiment.
Behavioral Contrast

Rates of responding for every subject for all phases
of the experiment are presented in Figure 13. As can be
seen from Figure 13, two out of four pigeons (62 and 67)
demonstrated behavioral contrast. The rate of responding
of Bird 62 increased initially upon placement on TD (Phase
2) and then decreased after a few days but continued to
remain at a rate higher than that of baseline. Bird 67's
response rate initially increased on TD, declined back to
baseline level after a few days, and then again ascended to
a level about twice that of baseline where it remained for
the duration of TD.

The response rates of both of the pigeons who dis-
played behavioral contrast declined back to baseline level
upon return to ND (Phase 3). A special procedure was
required for Pigeon 62. During the first 20 days on ND
(Phase 3), this subject had made few responses in the
presence of 576 nm. It was, therefore, decided to place it
on a mult VI 30-sec CRF schedule with 555 nm for the first
component and 576 nm for the second component, This method
was successful in inducing responding to 576 nm on the
fifth day of the intervention. This schedule was in effect
for Days 21-25 of Phase 3. The mult VI 30-sec VI 30-sec
schedule was resumed on Day 26.

Both pigeons (59 and 66) who did not exhibit behavior-
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Figure Caption
Figure 13. The rates of key-pecking during 555 and
576 nm for subjects in Experiment 3. Each graph is divided
according to the three phases of the experiment. The
horizontal line through the last five days of Phase 1

denotes the mean response rate for 555 nm and represents

the baseline,
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al contrast had erratic rates of responding throughout
Phase 1. Bird 66's response rate became more stable during
Phases 2 and 3, but Bird 59 remained unstable for the

duration of the experiment.

. :

This experiment was conducted in order to compare the
duration of behavioral contrast with localized and diffuse
stimuli., It was hypothesized that behavioral contrast in
the presence of localized stimuli would be long-lasting
whereas behavioral contrast in the presence of diffuse
stimuli would be of short duration. Unfortunately, only
two of four birds showed behavioral contrast in this
experiment. Most previous research has also found that not
every subject displays behavioral contrast. In addition,
it should be noted that both of the birds who did not
demonstrate behavioral contrast in this study had erratic
rates of responding, This may be in part responsible for
the failure to detect behavioral contrast.

Upon comparison of the patterns of response rate
changes over the course of the experiment for those KP

igeons who showed behavioral contrast in both Experiments

2 and 3, it is clear that there are differences between the
two groups. While four of six Experiment 2 (diffuse)
pigeons showed peak behavioral contrast, both Experiment 3

(localized) pigeons maintained the increased rate of
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responding throughout TD. Both Experiment 3 pigeons did
have a peak immediately upon placement on TD. After Pigeon
62's initial peak, response rate declined slightly but
remained at a level above that of baseline. On the other
hand, after Pigeon 67's initial peak, the response rate
fell back to baseline level and later increased again. It
may be that the peaks for both of these localized subjects
were caused by the emotional component of behavioral
contrast and the lower stable level (for 62) and the second
period of increased responding (for 67) were caused by the
additive component of behavioral contrast.

Differences are also noted in the behavior of the
subjects in the two groups when they were placed back on
ND. While neither of the two Experiment 2 birds who had
prolonged behavioral contrast decreased their response
rates when placed on ND, both of the Experiment 3 birds
with behavioral contrast decreased their response rates
back to the baseline level. This may be taken as evidence
for different sources of contrast for pigeons trained with
diffuse and localized stimuli even when both groups exhibit
prolonged contrast. It was suggested previously that those
two Experiment 2 birds may have maintained the increased
rates of responding throughout TD either because the
response rate was conditioned to the schedule or due to the
stimulus-reinforcer relationship. If the former explana-

tion is correct, one would not expect response rate to



84

change when the schedule is reverted back to ND. However,
if the increased rate of responding is being maintained by
a stimulus-reinforcer relationship, when this relationship
changes (i.e., when the schedule is changed from TD to ND)
one would expect response rate to return to the baseline
level. Since the response rates of these two Experiment 2
KP birds did not return to baseline level upon placement on
ND, it appears likely that the stimulus-reinforcer rela-
tionship was not operating. On the other hand, the re-
sponse rates of the Experiment 3 KP birds did return to the
baseline level. The fact that these predictions regarding
behavior in the second ND phase were supported empirically
serves as further evidence on behalf of the idea that there
are two types of behavioral contrast.

The concept that there are two components to behavior-
al contrast is not new. Bloomfield (1966) had suggested
this idea. However, while Bloomfield was able to determine
that the initial peak was caused by an emotional factor, he
assumed that the extended increased rate of responding was
also caused an emotional factor, This notion appears
incorrect on the basis of the evidence obtained here where
only peak behavioral contrast was observed with diffuse
stimuli but prolonged behavioral contrast with localized
stimuli. Rather, it appears likely that the peak contrast
is indeed an emotional factor as Bloomfield had postulated

but that the extended contrast is a result of the stimulus-
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reinforcer relationship proposed by the response additivity

theory of Gamzu and Schwartz (1973).
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GENERAL DISCUSSION

These three experiments were conducted in order to
test the response additivity theory of behavioral contrast
and examine the relationship between behavioral contrast
and the peak shift in pigeons. The responses of key-
pecking and ring-pulling were used. According to the
response additivity theory, behavioral contrast would be
predicted only with responses which are condusive to
autoshaping. Therefore, behavioral contrast would be
expected to occur with the KP but not the RP pigeons, and
only in Experiment 3 where the discriminative stimuli were
localized on the response key. In Experiment 2, peak
behavioral contrast was found with the KP pigeons using
diffuse monochromatic stimuli. The response additivity
theory is unable to account for the increase in response
rate since the pecks were not directed at the stimulus. A
theory based on emotional responses to non-reinforcement
can explain these results.

The RP pigeons in Experiment 2 exhibited negative
induction when placed on the discrimination. These pigeons
were observed to peck at the ring concurrently with the
decreased rate of ring-pulling. It appears likely that
these pecks interfered with the operant response of ring-

pulling and caused the negative induction. These pecks may
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result from emotional factors similar to those which may
produce behavioral contrast with the operant response of
key-pecking or from the stimulus-reinforcer relationship.
Based upon these results, it is expected that behavioral
contrast would occur only with key-pecking. However, the
findings of behavioral contrast with the response of
treadle-pressing are inconsistent with these explanations,

Both behavioral contrast and negative induction
occurred only at the beginning of discrimination training
for the majority of the subjects in Experiment 2. This is
evidence in favor of the idea that peak behavioral contrast
and temporary negative induction are due to emotional
factors, Other researchers (Terrace, l966a; Bloomfield,
1966) also obtained peak behavioral contrast but only when
a response-reset dependency was implemented in S-. Since
this changed the duration of S- over the course of training
and the S- periods lasted longer at the beginning of train-
ing, the emotional theory can explain the results. 1In
these studies, localized stimuli were used and response
rates remained at a level above baseline after the initial
peak effect.

It is hypothesized that there are two types of behav-
ioral contrast. Peak behavioral contrast occurs at the
beginning of discrimination training when emotional factors
are present and extended behavioral contrast occurs for the

duration of training when localized stimuli are employed.
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If the stimuli are diffuse, however, only peak behavioral
contrast (as observed in the present study) occurs since
the stimulus-reinforcer relationship does not maintain the
increased level of responding.

In Experiment 3, where pigeons were trained under
conditions identical to those of Experiment 2 with the
exception that the stimuli were located on the key, the
rate of responding remained at a level higher than that of
baseline throughout TD training. This extended contrast
appears to be the result of the stimulus-reinforcer rela-
tionship proposed by the response additivity theory.

Stimulus generalization tests were administered to all
subjects in Experiment 2 in order to examine the relation-
ship between behavioral contrast and the peak shift.
Previous research has suggested that these two phenomena
have the same underlying cause. If this were the case,
they would be expected to occur together. Although it was
found that all pigeons who exhibited behavioral contrast
also had a peak and/or area shift, it was concluded that
behavioral contrast and the peak shift have different
causes since in some pigeons the peak shift occurred
despite the fact that the test was given after the peak
behavioral contrast had vanished. In addition, there did
not appear to be a relationship between negative induction
and the peak shift.

This experiment has not added any information which
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helps to discern the theoretical basis of the peak shift,
Any of the three theories outlined earlier (i.e., James,
1953; Spence, 1937; Terrace, 1966b) are able to explain the
peak shift based upon our present level of knowledge. How-
ever, if there is indeed a relationship between behavioral
contrast and the peak shift then the same theory should be
able to explain both of them.

In conclusion, it was suggested that there are two
types of behavioral contrast: peak behavioral contrast
caused by emotional factors and extended behavioral con-
trast caused by the stimulus-reinforcer relationship. It
also appears likely that the negative induction with ring-
pulling pigeons is analogous to peak behavioral contrast
with key-pecking pigeons and that both are due to the
effects of frustration. It was concluded from the results
obtained here that a relationship between behavioral con-

trast and the peak shift does not exist.



References

Amsel, A. Frustrative nonreward in partial reinforcement
and discrimination learning: Some recent history and
a thébretical extension. Psychological Review, 1962,
69, 306-328.

Amsel, A. Positive induction, behavioral contrast, and
generalization of inhibition in discrimination learn-
ing. 1In ﬁ. H. Kendler & J. T. Spence (eds.), Essays
(i Neobehaviorisir A M ial Vol to K h ]
Spence. New York: Appleton-Century-Crofts, 1971.

Bloomfield, T. M. Two types of behavioral contrast in dis-
crimination learning. Journal of the Experimental
Analysis of Behavior, 1966, 9, 155-161.

Bloomfield, T. M., Behavioral contrast and relative
reinforcement frequency in two multiple schedules.

4 1 of the E . b2l Aratvai ¢ Pahavior.
1967a, 10, 151-158.

Bloomfield, T. M. Some temporal properties of behavioral
contrast. Journal of the Experimental Analysis of
Behavior, 1967b, 10, 159-164.

Bloomfield, T. M. A peak shift on a line-tilt continuum.
Ml-ﬂf_thﬁ_mm_ﬂnﬂlﬂw . r
1967¢c, 10, 361-366.

Bloomfield, T. M. Behavioral contrast and the peak shift.

90



91
In R, M, Gilbert & N. S. Sutherland (eds.), Animal

Discrimination Learning. London: Academic Press,
1969.

Boakes, R. A., Halliday, M. S., & Poli, M. Response
additivity: Effects of superimposed free reinforce-
ment on a variable-interval baseline. Journal of the
Experimental Analysis of Behavior, 1975, 23, 177-191,

Brethower, D. M., & Reynolds, G. S. A facilitative effect
of punishment on unpunished behavior. Journal of the
Experimental Analysis of Behavior, 1962, 5, 191-199.

Bushnell, M. C., & Weiss, S. J. An investigation of peak

shift and behavioral contrast for autoshaped and
operant behavior. Journal of the Experimental
Analysis of Behavior, 1980, 33, 101-118.

Dysart, J., Marx, M. H., McLean, J., & Nelson, J. A. Peak

shift as a function of multiple schedules of rein-

forcement. Journal of the Experimental Analysis of
bﬂﬂhﬂliﬂl; 1974, 22, 463-470.
Farthing, G; W. Behavioral contrast in pigeons learning an
auditory discrimination. Bulletin of the Psvchonomic
Society, 1976, &, 123-125.

Friedman, H., & Guttman, N. Further analysis of the
various effects of discrimination training on stimulus

generalization gradients., In D. I. Mostofsky (ed.),

Stimulus Generalization. Stanford, California:

Stanford University Press, 1965, pp. 255-267.



92
Gamzu, E., & Schwartz, B. The maintainance of key pecking

by stimulus-contingent and response-independent food

presentation. Journal of the Experimental Analysis of
Behavior, 1973, 19, 65-72.

Grusec, T, The peak shift in stimulus generalization:
equivalent effects of errors and noncontingent shock.
Journal of the Experimental Analysis of Behavior,
1968, 11, 239-249.

Guttman, N. Generalization gradients around stimuli
associated with different reinforcement schedules.
Journal of Experimental Psychology, 1959, 38,
335-340.

Halliday, M. S., & Boakes, R. A. Behavioral contrast
without response-rate reduction. Journal of the
Experimental Analysis of Behavior, 1974, 22, 453-462.

Hanson, H. M. Effects of discrimination training on
stimulus generalization. Journal of Experimental
Psychology, 1959, 58, 321-334.

Heinemann, E. G., & Rudolph, R. L. The effect of discrimi-
native training on the gradient of stimulus generali-
zation. American Journal of Psychology, 1963, 16,
653-658.

Helson, H. The theory of adaptation level, 1In D. C.
Beardslee & M. Wertheimer (eds.), Readings in
Perception. Princeton, New Jersey: D. Van Nostrand

Company, Inc., 1958, pp. 335-352,



93

Hemmes, N. S. Behavioral contrast in pigeons depends upon

the operant. Journal of Comparative and Physiologi-
cal Psychology, 1973, 85, 171-178.

James, H. An application of Helson's theory of adaptation
level to the problem of transposition. Psychological
Review, 1953, 60, 345-352,

Jenkins, H. M., & Harrison, R. H. Effect of discrimination
training on auditory generalization. Journal of
Experimental Psychology, 1960, 39, 246-253.

Jenkins, H. M., & Harrison, R. H. Generalization gradients
of inhibition following auditory discrimination
learning. Journal of the Experimental Analysis of
Behavior, 1962, 5, 435-441.

Keller, J. V. Behavioral contrast under multiple delays of
reinforcement. pPgychonomic Science, 1970, 20, 257-
258.

Keller, K. The role of elicited responding in behavioral

contrast. Journal of the Experimental Analysis of
Behavior, 1974, 21, 249-257.

Kodera, T. L., & Rilling, M, Procedural antecedents of
behavioral contrast: A re-examination of errorless
learning. Journal of the Experimental Analysis of
Behavior, 1976, 25, 27-42.

Lattal, K. A. Relative frequency of reinforcement and rate
of punished behavior. Journal of the Experimental
Analysis of Behavior, 1970, 13, 319-324.



94

Mackintosh, N. J. [The Psychology of Animal Learning.
London: Academic Press, 1974.

Mariner, R. W., & Thomas, D. R. Reinforcement duration and
the peak shift in post-discrimination gradients.
Journal of the Experimental Analysis of Behavior,

1969, 12, 759-766.

McSweeney, F. K. Matching and contrast on several concur-
rent treadle-press schedules. Journal of the Experi-
mental Analysis of Behavior, 1975, 23, 193-198.

Oppenheim, R. W. Color preferences in the pecking response
of newly hatched ducks (Anas platyrhynches). Journal
of Comparative and Physjological Psychology Monograph,
1968, 66 (3, Pt. 2). |

Perkins, C, C. Jr. The analysis of performance. In M. D.
Zeiler & P, Harzem (eds.), Advances in Analysis of
Behavior (Vol. 3). Chichester, Sussex, England:

John Wiley & Sons Ltd., in press.

Premack, D. On some boundary conditions of contrast. 1In
J. Trapp (ed.), Reinforcement and Behavior. New York:
Academic Press, 1969, 120-145.

Redford, M. E., & Perkins, C. C. Jr. The role of auto-
pecking in behavioral contrast. Journal of the
Experimental Analysis of Behavior, 1974, 21, 145-150.

Reynolds, G. S. Behavioral contrast. Journal of the
Experimental Analysis of Behavior, 196la, 4, 57-71.

Reynolds, G. S. An analysis of interactions in a multiple



95

schedule. Journal of the Experimental Analysis of
Behavior, 1961b, 4, 107-117.

Richards, R. W. Reinforcement delay: Some effects on
behavioral contrast. Journal of the Experimental
Analysis of Behavior, 1972, 17, 381-394.

Sadowsky, S. Behavioral contrast with timeout, blackout,
or extinction as the negative condition. Journal of
the Experimental Analysis of Behavior, 1973, 19,
499-507.

Schwartz, B. Maintenance of key pecking by response-inde-
pendent food presentation: The role of the modality
of the signal for food. Journal of the Experimental
Analysis of Behavior, 1973, 20, 17-22.

Schwartz, B. Discriminative stimulus location as a deter-
minant of positive and negative behavioral contrast in
the pigeon. Journal of the Experimental Analysis of
Behavior, 1975, 23, 167-176.

Schwartz, B., Hamilton, B., & Silberberg, A. Behavioral
contrast in the pigeon: A study of the duration of
key pecking maintained on multiple schedules of
reinforcement. Journal of the Experimental Analysis

of Behavior, 1975, 24, 199-206.
Schwartz, B., & Williams, D. R. Two different kinds of

keypeck in the pigeon: Some properties of responses

maintained by negative and positive response-

reinforcer contingencies. Journal of the Experimental



Analysis of Behavior, 1972, 18, 201-216.

Spence, K. W. The differential response in animals to
stimuli varying within a single dimension. Psycho-
logical Review, 1937, 44, 430-444.

Terrace, H. S. Discrimination learning with and without
"errors". Journal of the Experimental Analysis of
Behavior, 1963, 6, 1-27.

Terrace, H. S. Wavelength generalization after discrimi-
nation learning with and without errors. Science,
1964, 144, 78-80.

Terrace, H. S. Behavioral contrast and the peak shift:
Effects of extended discrimination training. Journal
of the Experimental Analysis of Behavior, 1966a, 9,
613-617.

Terrace, H. S, Discrimination learning and inhibition.
Science, 1966b, 154, 1677-1680.

Terrace, H. S. Stimulus control. In W. K. Honig (ed.),
cation. Englewood Cliffs, N. J.: Prentice-Hall,
1966¢c.

Terrace, H, S. Discrimination learning, the peak-shift,
and behavioral contrast. Journal of the Experimental
Analzsia_gf_aghaxig;, 1968, 11, 727-741.

Tracy, W. K. Wavelength generalization and preference in
monochromatically reared ducklings. Journal of the
Experimental Analysis of Behavior, 1970, 13, 163-178.

96



97
Wasserman, E. A. The effect of redundant contextual
stimuli on autoshaping of the pigeon's keypeck.

Animal Learning and Behavior, 1973, 1, 198-206.

Westbrook, R. F. Failure to obtain positive contrast when
pigeons press a bar. Journal Qf the Experimental
Analysis of Behavior, 1973, 20, 499-510.

Whipple, W. R., & Fantino, E. Key-peck durations under
behavioral contrast and differential reinforcement.
7 1 of the E ; 1 anaiva ¢ Behavior,
1980, 34, 167-176.

Wildemann, D. G., & Holland, J. G. The effect of the
blackout method on acquisition and generalization.
Journal of the Experimental Analysis of Behavior,
1973, 19, 73-80.

Wilkie, D. M. Delayed reinforcement in a multiple sched-
ule. Journal of the Experimental Analysis of
Behavior, 1971, 16, 233-239.

Williams, B. A., & Heyneman, N, Determinants of contrast
in the signal-key procedure: Evidence against addi-
tivity theory. Journal of the Experimental Analysis
of Behavior, 1981, 35, 161-173.

Winton, A, S, W., & Beale, I. L. Peak shift in concurrent

schedules. Journal of the Experimental Analysis of
Behavior, 1971, 15, 73-81.



98

Footnotes

1'I'he DI is obtained by the following formula: S+
response rate / (S+ response rate + S— response rate).

2Théte are inconsistencies in the literature regarding
the necessity of the localization of stimuli in order to
obtain behavioral contrast., While Redford et al. (1974)
and Schwartz (1975) did not observe behavioral contrast
with diffuse étimuli, Farthing (1976) and Westbrook (1973)
did obtain behavioral contrast. Other than the previously
mentioned problem with the Redford et al. (1974) study
(i.e., the birds did not discriminate), the reason for
these discrepant results is not clear.

3These ring-pecks were noted by means of casual
observation. They were not recorded because they had not
been anticipated beforehand.

4rhis is important because the results of this experi-
ment were compared with those of Experiment 2 and, there-
fore, the birds needed to be on TD long enough to observe

whether or not peak behavioral contrast was present.
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Appendix A

100

Response rates (responses per minute) for the-+stimulus

Subject
82
85
90

83
9l
92

generalization test in Phase 2 of Experiment 1

519

2.00
8.50
1.25

0.00
0.00
1.40

Group KP

Wavelength (nanometers)

531
12.50

1.50
1523

0.80
0.75
9.40

542 555
26.75 93.75
10.75 61.75
11.50 113.75

Group RP
0.00 9.40
7.00 28.25

11.20 25,80

563
78.75
33.50
99,175

7.00
30.25
18.60

573
69.50
12.25
96 .50

6.40
17.50
10.20

581
19.50

4,25
19.00

0.00
0.00
1.80
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Response rates (responses per minute) for the stimulus

55
58
60
65

75
76
79

52
56
69
74

64
81
89

generalization test in Phase 3 of Experiment 2

28.60

0.80
36.40
40.40

0.20
2.80
7.40

5.80
10.20
0.00
1.20

0.60
0.20
0.00

Group KP(A)

Wavelength (nanometers)

62.20

7.60
48.00
51.40

1.20
2.20
2.60

1.60
11.00
3.80
1.00

0.00
0.40
0.00

116.00 53.20
24.60 40.40
100.60 123.60
59.00 45.80

Group KP(B)
3.20 58.00
7.20 58.00
4.20 31.00

Group RP(A)
48.60 36.60
19.20 2.60
23.20 22.20

5.40 9.60

Group RP(B)
10.80 18.80
9.40 11.00
2.60 23.60

25.20
19.80
5.40
0.80

72.60
73.40
25.40

11.60
8.40
8.80
1.20

31.80
17.60
29.00

1.40
0.60
0.00
0.00

42,20
35.20
9.20

0.20
1.40
5.60
0.00

23.40
9.60
16.60

0.20
0.20
0.00
0.00

21.60
5.80
3.00

0.00
4.60
0.00
0.00

0.00
0.00
0.40
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Appendix C

Sl response rates (top), S2 response rates (middle),
and DI scores (bottom) in Phase 1 of Experiment 1.

Group KP

Training Day

Subject 1 2 3 4 5
25.15 36.43 43.99 57 «73 68.36
82 3.47 2.80 1.00 10.00 6.60

87.88 92.86 97.78 85.24 91.20

85.87 101.44 125.28 132.87 121.24
85 38.60 4.60 0.40 0,27 1.07
68.99 95.66 99.68 99.80 99.13

83.66 85.16 84.79 97.62 89.77
90 19.33 4.87 4,07 2.73 6.20
8l.23 94.59 95.42 97.28 93.54

6 7 8 9 10

78.65 96.99 105.78 109.74 113.97
82 2.73 0.13 4.07 0.40 5.33
96.65 99.87 96.29 99.64 95.53

122.16 136.15 105.63 96.03 111.88
85 0.13 2,20 5.93 5.80 2.53
99.89 98,41 94.68 94.30 97.79

85.13 101.39 114.30 118.79 117.83
90 5.13 3.40 2,93 2.09 0.50
94.32 96.76 97.50 98.27 99.58

11 12 13 14 15

87.99 90.93 85.75 97.96 93.42
82 0.00 0.40 0.00 0.93 0.33
100.00 99.56 100.00 99.06 99.65

105.23 103.53 114.40 101.81 115.76
85 1.73 4,13 16.75 11.41 6.59
98.38 96.16 87.23 89.92 94,62

126 .06 129.64 136,55 131,712 135.89
90 1.00 0.84 1.34 0.50 0.50
89.21 99.36 99.03 99.62 99.63



83

91

92

83

91

92

83

91

92

18.41
7.20
71.89

14.85
7.07
67.75

20.34
10.00
67.04

21.44
1459
93.11

12.74
3+33
79.28

25.59
2.91
89.78

11

13.98
0.50
96.55

26.08
0.80
97.02

31.46
0.59
98.17

Appendix C (continued)

Training Day

2l.81
2.80
88.62

16.94
3.67
82.19

19.32
5.87
76.70

9.33
0.09
99.07

18.83
3.27
85.20

25.63
1.00
96.24

12

20.76
0.73
96.60

25.88
0.16
99.38

28.45
0.13
99.55

Group RP

3

2533
0.13
99.49

17.56
1.87
90.38

17.89
4.07
81 .47

8

12.63
0.00
100.00

19.38
1.73
91.80

25.04
2,75
90.10

13

11.23
0.87
92.81

22,03
0.34
98.49

30.23
0.33
98.92

15,62
0.67
95.89

13.01
0.53
96.09

18.62
1.73
91.50

19.88
0.00
100.00

26.59
4.00
86.92

26.16
2.09
92.61

14

17 .67
4.20
80.80

26 .06
0.75
97.20

25.33
0.00
100.00

23.53
0.66
97.26

18.96
2,13
89.90

18.23
0.33
98.22

10

18.39
0.41
97.81

22.07
1.20
94.84

29.34
0.34
98.86

15

18.23
l.13
94.16

21.58
1.41
93.86

24.72
0.00
100.00
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Sl response rates (top) and S2 response rates (middle)
in Phase 1 of Experiment 2

Subject
55

58

60

65

75

76

79

55

58

60

65

75

76

79

37.86
33.43

38.24
48.71

46.84
40.42

26 .88
35.39

33,75
18.29

54.65
22.22

94.08
57.26

43.86
42.40

51.06
41.97

43.29
52.57

56.07
51.35

32.48
32.16

90.00
70.99

76.03
60.87

38.88
34.62

46.76
44.71

55.14
60.00

33.45
42.55

28.53
30.72

42,06
40.29

71.14
60.29

39.41
40.74

67.79
61.15

3.03
0.38

51.35
47.77

32.18
32.18

80.88
80.15

80.39
64.76

Appendix D

Group KP

Training Da

-

3

59.26
52.28

43,24
47.04

44,13
48.25

35.09
33.36

24.57
27 .26

36.09
32,10

63.35
65.10

22.78
33.242

48.17
55.78

44.85
54.43

31.05
36.86

91.73
70.63

82.35
70.53

Yy

45.74
47.31

52.28
53.51

61.65
58.00

50.83
59.42

26 .47
25.96

51.76
47 .31

54.95
63.35
10

18.68
25.79

47 .31
58.86

45.58
43 .86

39.12
36.78

66.84
69.57

85.82
61.31

41 .47

*40.53

64.85
60.87

39.95
42.43

48.09
45.29

31.75
29.86

68.53

60.58

66.71

65.00
il

55.24
50.68

61.20
59.12

54.85
49,95

36.83
36.03

56.83
41.43

95.53
72.69

25.24
26.45

68.08
73.11

35.63
42.45

54.48
51.47

34.12
31.31

8l.14
60.14

61.89
65.29
12

61.27
58.85

55.34
54.86

54.21
44.00

76.86
62.79

86.76
80.97
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55

58

60

79

55

76

76

76

13

46 .88
55.05

- 94.22

86.65

49.39
40,92

112.64
82.93

60.44
60.87
19

46 .67
60.58

67.50
68.71
25
60.58
53.74
31

57.23
57.:65

Appendix D (continued)

14

52.28
54.61

103.22
84.17

84 .47
70.34

67.36
47.16
20

41.83
44.71

80.63
69.81
26
59.71
56 .50
32

66.35
66.47

Training Day

15

43.71
46 .76

99.06
87.40

85.15
82.22

51.26
40.92
21

45.44
57.12

60.00
57.52
27

65.20
53416

16

68.91
57.98

88.07
78.50

73.98
70.24

57 .52
37.50
22

51.12
54.38

42.12
43.71
28

65.74
58.82

17

36.84
55.34

88.97
83.74

88.82
88.85

57.98
50.91
23

38.02
46.89

49,35
71.39
29

79.71
69.32

18

60.88
45.86

79.25
51.76

61.59
45.44
24

56 .36
58.38

56.62
63.17
30

68.74
66.70
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52

56

69

74

64

8l

89

33.93
29.42

17.88
14.43

5.71
5.81

0.25
3,78

15.44
7.30

21,15
20.10

22.92
10.24

Appendix D (continued)

28.68
30.43

9.86
11.50

5.57
3.61

9.72
15.43

3.98
2.67

8.92
11.50

17.67
13.46

Group RP

3

19.95
23.86

7.72
11.11

7.01
5.31

9.95
8.45

13.76
11.92

17.00
13.09

9.62
12.59

Training Day

15.28
25.09

24,29
24.00

3.99
5.78

3.41
5.86

6.54
3.31

16.46
11.71

16.31
18.08

19,22
27.22

15.56
6.68

2.12
1.32

7.92
10.23

11.49
7.90

15,87
16.01

14,14
8.12

38.08
33.57

9.76
9.81

6.59
6.14

7.29
7.17

0.50
4.54

17.65
16.59

16.15
13.04
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52

56

69

74

64

8l

89

52

56

69

74

64

81

34.18
39.86

10.43
1l.11

1.00
0.13

13.86
7.93

18.36
18.03

11.04
3.38

25.20
17 .57
13

40.95
35.94

24.61
26.14

9.57
il 7.5

17.04
14.86

21.98
20.34

22.21
24,50

Appendix D (continued)

29.56
32.33

6.98
10.47

4.77
3.41

5.75
3.05

0.00
0.00

14.56
13.56

19.51
26 .50
14

46.76
40.59

19.90
28.83

26.39
18.64

10.75
10.29

0.00
0.13

30.15
34.71

9

40 '40
40.19

1.61
2.03

2.41
1.74

0.13
1.70

23.09
19.39

18.89
22.08

25.82
16.88
it

36.76
34.71

26 .91
22.07

12.26
11.46

16.50
15.00

23.97
21.63

24.32
27.21

Training Day

10

42.94
34.22

11.83
12.78

12.06
14.59

5.75
6.55

16.01
20.14

19.14
15,87

22.57
23 .65
16

42.06
40.71

21.18
16.59

18.14
18.40

23.88
26 .86

25.78
35.00

11

39.23
43.02

19.66
20.80

2,03
1458

10.67
8.21

25,59
18.89

18.06
21.62

22.64
24.03
17

46.78
42.14

9.44
9.95

16.30
15.44

11.18
15.00

18.06
21.06

12

27.71
28,30

25.19
26.43

15.44
13.70

21.14
9.81

14.00
17.69

18.97
18.20

18

7.65
8.71

154959
19.08

28.54
28.54

18.97
20.86
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69

74

64

8l

69

64

8l

69

19

21.70
17.94

15.29
18.06

21.62
23.68

26 .80
26 .94
25

3dwlbT
34.51

24.26
27.98

21.79
25.18
3l

28.41
29.14

Appendix D (continued)

20

11.18
9.95

24.90
21.98

24.65
27.21
26

27 .33
28.13

24.21
23.94

28.91
28.13
32

37.79
40.00

21

11.46
7.78

10.04
15.28

24,29
26 .89
27

31.88
34.18

41 .61

45.14 .

33

37.06
31.88

Training Day

22

33.09
33.46

22.78
16.62

5.43
11.39
28

32.04
37.07

40.60
44.29
34

26 .44
29.13

23

17.74
19.70

27.67
34.85

1.02
l.14
29

42.57
42.84

34.75
29.71

24

38.76
34.66

23.02
23.88

21.68
22.78
30

31.44
31.43

35.55
39.25
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Subj

55

58

60

65

73

76

79

Appendix D (continued)

Sl response rates (top), S2 response rates (middle),
and DI scores (bottom) in Phase 2 of Experiment 2

ect 1l

55.67
79.60
41.15

80.54
113.47
41.51

42.94
63.20
40.46

58.69
59.07
49.84

26 .27
37.47
41 .21

53.08
78.13
40.45

50.31
58.73
46 .14

2

55.15
52,00
51.47

85.90
70.33
54.98

50.20
53.13
48.58

89.06
63.73
58.29

36.30
33.00
52.38

62.31
82.33
43.08

50.62
53.67
48.54

Group KP

Training Day

3

76.15
47 .73
61.47

91.54
65.93
58.13

71.00
62.67
53.12

75.00
29.13
72.03

57.14
27 .93
67.17

85.00
83.33
50.50

53.61
52.09
50.72

4

77 .74
48.40
61.63

88.62
42.07
67 .81

58.14
51.47
53.04

88.69
18.93
82.41

50.64
34.93
59.18

73.12
68.13
51.77

48.11
44,91
51.72

80.36
32.20
71439

100.39
27 .47
78.52

90.23
56 .40
61.54

89.08
4,07
95.63

52.69
18.73
73.77

85.25
69.75
55.00

70.84
27.00
72.40

76.95
18.07
80.98

90.78
17.60
83.76

100.75
22.20
8l1.94

79.02
14.73
84.29

72 .45
16 .87
8l.12

88.83
80.34
52.51

83.16
18.66
‘8l.67
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55

58

60

65

75

76

79

90.63
11.60
88.65

99.05
6.60
93.75

86 .85
27 .33
76.06

75.78
16.00
82 .57

83.89
14.00
85.70

11325
44.50
71.79

88.26
22.66
79.57

Appendix D (continued)

80.69
12.13
86.93

94.67
11,13
89.48

98.07
26.73
78.58

75.08
12.07
86.15

62.41
4,20
93.69

107.01
26.59
80.10

62.60
33.00
65.48

9

88.31
25.07
77 .89

91.86
6.47
93.42

112.27
17 .13
86.76

71.15
2.53
96 .57

69.95
2.93
95.98

138.30
69.25
66.63

59.43
18.41
76.34

Training Day

10

81.77
6.87
92.25

96 .72
23.13
80.70

109.54
10.13
91.54

65.63
14.40
82.01

72.05
4.27
94.41

131.16
67 .84
65.91

43.31
16.34
72.61

1l

87 .36
8.67
90.97

97.77
4.93
95.20

104.30
5.20
95'25

60.46
2.00
96 .80

68.31
3.20
85.53

125.23
39.00
76.25

38.76
12.80
75.17

12

88.08
2.13
97 .64

96 .85
11.07
89.74

105.31
8.53
92,51

74.77
1.67
97 .82

61.78
1.60
97 .48

121.08
24.34
83.26

39.44
8.87
8l.64
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25

58

60

65

76

79

58

60

65

76

79

13

85.13
8.00
91.41

93.19
7.47
92.58

8l.81
6.87
92.25

68.24
1.87
97.33

107.38
21.20
83.51

32.77
9.80
76.98

19

78.44
0.53
99,33

110.34
8.27
93.03

37.19
2.87
92.84

123.43
10.53
92.14

25.89
16.27
61l.41

Appendix D (continued)

14

84.62
2.40
97 .24

77.94
11.00
87.63

8l.31
11.07
88.02

73.13
5.27
93.28

108.00
23 .87
81.90

22,39
6.27
78.12

20

69.08
0.40
99.42

38.65
3.67
91.33

120.70
5.27
95.82

17428
9.27
65.08

15

94.33
1.73
98.20

98.89
11.00
89.99

65.00
113
98.29

107.80
16.40
86 .80

18.52
18.07
50.61

21

71.74
1.67
87.73

27 .00
3.73
87 .86

135.54
4,53
96 .77

24,82
13.13
65.40

Training Day

16

72.38
0.60
99.18

117.92
2.87
97.62

49.48
0.67
98.66

108.54
11.13
90.70

22.61
25,13
47 .36

22

70.52
0.20
99.72

36.06
4,27
89.41

121.77
5.53
95.66

22.85
5.20
81.86

17

90.78
1.73
98.13

116.65
9.73
92.30

48.36
6.07
88.85

115:65
12,27
90.41

18.58
20.00
48.16

23

70.00
1.13
98.41

35415
0.67
98.13

131.71
7.60
94.54

25.20
8.07
75.74

111

18 -

78.32
0.53
99.33

105.31
3.60
96 .69

46 .46
3.00
93 .93

136 .07
8.47
94.14

28.86
19.27
59.96

24

56 .00
1.00
98.25

27.93
0.00
100.00

124,95
7.87
94.07

32.44
3.07
91.35



58

65

79

58

25

66 .30
1.00
98.51

29.84
0.07
99.77

25.67
4.13
86.14

31
60.39

0.33
99.46

Appendix D (continued)
Training Day

26 27 28 29

58.13 62.94 56 .40 51.83

8.53 1.87 0.33 1..33
87 .20 97.11 99.42 97.50

26.52 22.77 23.26
90. 85 76. 31 82. 10

32 3y

1195 58.66
0.40 4.33
99.45 93.13

30

56 .54
5.00
91.88
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52

56

69

74

64

81

89

37.31
46 .87
44.32

19.62
33.20
31«13

24.90
33.53
42.62

10.43
15.33
40.49

21.66
37.13
36.84

21.79
35.34
38.14

8.91
10.73
45.37

Appendix D (continued)

38.66
50.87
43.18

16.14
14.80
52.17

21.28
18.07
54.08

17.36
8.40
67.39

19.57
23 .47
45.47

7.81
7.34
51.57

11,35
6.27
64.42

Group RP

3

46 .62
43.60
51.67

24,92
15.80
61.20

26.23
20.80
55.77

16.32
16 .87
49.17

20.20
20.60
49.51

8.76
11.80
42.61

14.84
3.53
80.79

Training Day

43.86

40.67
51.89

29.77
16.33
64.58

7.69
7.00
52.35

18.35
10.00
64.73

27.60
22«27
55.34

17.14
14.89
53.55

11.33
1.47
88.51

47 .53
24.73
65.78

32.04
¥ al3
8l.80

10.88
8.60
55.84

21.08
5.67
78.80

25.67
19.40
56 .96

21.03
4.47
82.47

5.49
2.07
72.62

32.32
16.47
66.24

26 .57
11,07
70.59

14.24
7.80
64.61

17.45
2,87
85.88

16.31
6.47
71.60

14.54
2.93
83.23

15.07
4.00
79.02
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Appendix D (continued)
Training Day
7 8 9 10 11 32

12,68 33.94 52.15 48.67 55.00 50387
3.20 8.53 18.27 13.40  7.07 Sed?
79.84 79.92 74.06 78.41 88.61 90.56

29.31 21.53 25.69 24.51 29.16 25.53
6.73 3.00 2,20 1.07 3s33 0.67
81.33 87.77 92.11 95.82 89.75 97 .44

7.13 20.15 22,54 36.48 16.61 29.34
1.93 4.53 533 1.91 2.09 1.84
78.80 8l.65 80.88 95.02 88.84 94.11

13.03  8.21 13.16 15.85 22.65 15.00

74

64

8l

89

1.20 0.27 1.13 1.87 1.47 3.93
91.37 96 .82 92,09 89.45 93.91 80.95
25.36 31.56 28.45 17.45 18.28 29.41

8.93 4.75 7.50 5.16 8.84 8.91
73.96 86.92 79.14 77 .17 67.40 76.74
13.47 21.67 18.94 20.62 20.05 20.71

1.07 0.80 0.93 1.80 1.47 4.13
92 .64 96 .44 95.32 91.97 93.17 - N
18.99 15.50 26.79 26.62 32.83 28.69

1.87 13.13 0.33 0.40 2.33 2.73
91.04 54.14 98.78 98,52 93 .37 91.3L



52

56

69

74

64

89

52

56

74

64

13

59.16
6.20
90.51

32.07
2.80
91.97

26 .88
1.59
94.42

24.51
0.67
97.34

25,38
6.66
79.20

31.55
0.00
100.00

19

38,27
15.80
70.78

21.58
6.93
75.69

14,11
1.59
89.89

26.52
2.67
90.85

Appendix D (continued)

14

48.58
1.13
97.73

20.48
3.93
83.90

33.19
2.50
92.99

12.40
1.40
89.86

28.03
3.50
88.90

20

42.92
10.00
81.10

23.15
2,00
92.05

20.74
1.66
92.58

25,58
1.87
93.19

15

49,22
2.53
85.11

20.71
9.40
68.78

32,73
4.84
87.12

19.92
0.60
97.08

18.29
5.13
78.10

21

39.18
7.80
83 .40

18.87
4,53
80.64

21.23
0.66
96 .97

Training Day

16

49,19
4.33
91.91

22.23
12.20
64.57

36.66
2.34
94.01

18.32
1,87
90.74

20.60
1.47
93.34

22

43 .84
3.93
91.77

23.89
3.07
88.61

23.28
0.59
97 .54

17

47 .95
10.67
81.80

21.40
7.53
1397

32.50
2.73
92.25

17 .21
2.13
88.99

23 .43
1.47
94.10

23

35.88
4.87
88.05

28.78
2.27
92.69

22.16
0.25
98.88

18

42.60
12.13
77 .84

22.58
2.93
88.52

29.62
0.93
96 .96

20.05
1.40
93.47

22.35
4.07
84.60

24

34.77
4,33
88.93

20.51
3.67
84.82

21.76
1.16
94.93
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52

56

25

29.01
10.73
73.00

22.81
4.27
84.23

Appendix D (continued)

26

39.82
7.40
84.33

25.69
0.07
99.73

27

42,23
6.07
87 .43

22.61
3.13
87 .84

Training Day

28

48.54
11.67
80.62

26.73
353
88.33

29

43.00
3.20
93.07

23 .95
2.73
89.77

30

44.54
2.13
95.44
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Appendix D (continued)

Sl response rates (top), S2 response rates (middle),
and DI scores (bottom) in Phase 4 of Experiment 2

Subject

55

58

60

65

&

76

79

1

93.05
1.87
98.03

66.06
1.53
97.74

104.30
1.20
98.86

37.31
0.00
100.00

50.66
0.13
99.74

120.39
13.73
89.76

22.27
13433
62.56

2

87 .44
2.67
97.04

59433
0.80
98.67

109.12
0.53
99,52

34.90
0.00
100.00

49,92
0.07
99.86

145,08
9.60
93.79

21.97
27 .40
44.50

Group KP
Training D
3

82.77
1.80
97 .87

61.00
1.53
97.55

96.19
4.40
95.63

32.28
0.67
97.97

43 .52
L1433
97.03

138.09
6.53
95.48

33.65
21.73
60.76

ay

98.92
2.53
97 .51

60.16
0.13
99.78

55.03
1.33
97.64

31.30
0.07
99.78

43 .52
0.33
99.25

134.69
10.67
92.66

24.72
22.00
52.91

96 .66
1.13
98.84

68.08
1.07
98.45

52.27
6.07
89.60

30.99
0 -20
99.36

33.94
0.13
99.62

131.85
4.80
96 .49

26 .40
12.53
67.81

61.53
0.87
98.61

30.85
0.00
100.00

41.75
1.80
99.87

135.85
7.20
94.97

37.46
9.13
80 .40
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60

65

/8

19

60

79

60

88.46
2.20
87.57

33.46
0.00
100.00

36.76
0.20
99.46

43.16
6.60
86.74

13

65.57
4.87
93.09

34.05
4.13
89.18

19
63.85

0.00
100.00

Appendix D (continued)

80.83
1.20
98.54

35.86
0.00
100.00

48.65
5.27
90.23

14

59.54
2.33
96 .23

32.91
0.53
98.42

9

78.40
1.47
98.16

85,92
1.27
96.59

59.38
3453
91.48

15

56 .83
1.60
97 .26

40.56
3.13
92.84

Training Day

10

63.96
0.20
99.69

62.37
4,67
93.03

16

62.94
0.87
98.64

43,83
1.47
96.75

11

74.14
0.73
99.02

61.54
0.67
98.92

17
55.21

0.27
99,51

12

77.72
0.27
99.65

44.31
6.13
87 .85

18
67.35

0.20
99.70
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52

56

69

74

64

8l

89

52

o2

36.70
1.27
96 .66

23.30
0.87
96 .40

30.93
1.73
94.70

16.82
4.93
77.33

22.16
2.27
90.71

18.08
1.47
92.48

21.40
0.00
100.00

28.25
5.40
83.95

13
40.18

3.07
92.90

Appendix D (continued)

5.34
0.73
87.97

19.72
3.60
84.56

36.66
4.27
89.57

14,93
1.93
88.55

22.38
3.53
86.38

24.28
0.40
98.38

27 .85
0.73
97 .45

32.92
9.40
77.79

14
40.20

2.73
93.64

Group RP

3

12,93
327
79.81

29.38
0.13
99.56

32.24
3.33
90.64

19.26
0.87
95.68

25.96
3.27
88.81

26.11
3.40
88.48

26.57
0.80
97.08

47 .63
5,53
89.60

Training Day

4

16.30
2.93
84.76

22.35
2.53
89.83

33.40
2.67
92.60

13.73
1.00
93.21

25,39
5.00
83 .55

23.68
1.53
93.93

30.31
0.13
99.57

10
49.31

2.60
94.99

5

21,23
9.87
68.26

20.82
0.27
98.72

34.69
1.67
95.41

14,31
0.00
100.00

23.88
6.93
T# w81

22,27
1.60
93.30

22.35
0.40
98.24

11
48.69

4.20
92.06

38.05
10.13
78.97

14.33
3.67
79.61

25,28
5.33
82.59

28,34
1.60
94,66

12

43,55
6.80
86 .49
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Appendix D (continued)

S1 response rates (top) and S2 response rates (bottom)
in Phase 5 of Experiment 2

Group KP
Training Day
Subject 1 2 3 4 5 6

55 106.15 103.85 109.56 92.31 90.29 83.14
45.70 78.57 103.09 95.50 90.87 86.11

58 72.65 76.60 83.47 83.45 95.44 79.31
0.25 36.20 81.70 79.18 95.68 79.66

60 62.45 70.19 81.30 80.20 103.41 79.56
0.00 0.38 54,25 102.86 117.65 86 .54

65 37.36 41.94 50.00 49.29 60.43 66.51
0.25 0.00 0.13 325 0.13 0.13

75 39,57 39.43 37.21 43.11 41.65 50.53
3.91 0.00 3.56 0.00 4.58 34.68

76 125.91 137.45 119.85 160.71 123.93 116.76
25.28 84.43 77.43 139.22 115.10 113.08

79 37.21 35.39 42.50 45.59 35.43 39.86
24.81 56.18 47.08 57.98 39.71 40.38



a9

58

60

65

75

76

79

55

60

65

65

83.16
82.72

85.25
82.64

84.79
78.43

89.57
0.13

45.18
47.31

113.17
105.58

30.15
32.55
13

79.85
76.43

82.05
79.71

86 .07
83.59
19

69.56
59.71

Appendix D (continued)
Training Day
8 9 10

84.32 93.27 72.94
85.38 87 .55 84.76

73.83 93.90 94.41
70.90 87.09 108.17

75.73  58.95 54.81
32.12  51.26 79.33

46.09 49.76- 50.18
49.38 46 .79 45,29

118.25 127.06 127.57
101.04 95.29 114.66

36.47 41.03
27.38 35,88
14 15 16

8l.41 89.42
83.65 94.76

88.25 86 .44
83.59 96 .84

92.88 77 .48 76.76
86 .50 82.79 80.48
20 21 22

60.74 53.16 54.03
55.78 58.71 51.78

11

80.97
84.90

94.41
95.35

81.84
106.31

49.71
41.75

17

76 .47
64.95
23

60.87
60.00

12

99,71
96.14

81.55
89.71

69.09
90.00

18

64.22
66.79
24

58.25
59.42
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52

56

69

74

64

8l

89

58.82
25.28

38.51
5.47

26.14
20.80

22.43
7.07

19.14
11.32

18,29
2.54

28.25
0.00

Appendix D (continued)

45,15
33.43

34.76
0.00

36.63
19.62

17 .43
15.56

14.29
4.47

15.72
15.98

25.43
0.00

Group RP

3

48.38
51.49

32.04
5.47

3dwil?
24.66

15.00
13.62

17 .43
12.90

35.43
42.26

26 .57
0.00

Training Day

46 .03
44.86

25.14
0.00

27 .40
18.24

16.29
15.00

21.29
13 .57

28.82
41 .57

34,51
0.00

64.60
66 .41

31.89
4.96

25.45
23 »13

19.26
21.00

18.40
16.27

22.64
35.94

18.68
0.00

66.91
59.42

42,84
0.00

29.02
16.40

26.18
20.91

19.26
20.00

34.57
32.86

33.25
0.00
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52

56

69

74

64

8l

89

52

56

81

89

52

89

47.94
44.26

34.76
6.48

30.74
20.09

22.86
19,35

20.19
19,67

37.29
33.11

30.72
0.00
13

21.37
20.09

20.29
20.09

21.65
17.91

21.00
20.43
19

27 .82
30.00

15.58
13.54

Appendix D (continued)

52.35
41.03

31.43
0.00

19.91
21,12

18.50
19.47

26 .80
25.86

31.00
0.00
14

25.74
27 .43

14.85
25.61

23 .57
22.14

20.39
29.72
20

33.06
32.79

18.50
18.46

9

29.42
26.14

30.57
6.43

21.99
18.17

21.32
20.86

25.78
1981

22.13
0.00
15

35.43
32.00

35.88
31:73

21.55
24.67

31.02

29.57

21

19.26
29.86

Training Day

10

1.83
4.70

29.14
0.00

21.63
21.00

24.23
29.57

24.14
0.00
16

27 .82
39.32

22,57
26.76

16.15
20.56

22.08

26 .89

22

7.57
21.43

11

12.74
9.86

18.50
15.96

9.14
13.19

1792
10.14
17

32.88
40.78

27 .52
25.24

17.14
16.46

8.77

11.92

23

7.79
10.63

12

18.03
16.31

16.04
29.28

22.06
21.70

16.98
14.43
18

34 .26
37.28

18.93
25,53

11.89
15.57
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S1 response rates (top) and S2 response rates (bottom)

Subject
59

62

66

67

59

62

66

67

59

62

66

67

0.00
0.00

80.50
66.29

63.24
42.50

56.18
38.43

10.99
25,62

59.71
39.00

33.27
38.29

82.43
92.18
13

90.89
118.25

71.65
56 .86

62.62
64.76

81.78
88.00

Appendix E

in Phase 1 of Experiment 3.

65.05
44.15

59.56
29.86

28.86
38.00

69.85
56 .65
8

60.15
70.82

71.65
51.51

55.40
53.01

90.74
93.09
14

94.95
103.43

56.25
57 .23

94.04
80.83

76.32
82.36

Training Da
3

47 .26
39.17

45.87
43.98

57.06
57 .26

75.88
83.16
9

78.20
109.56

70.10
42 .57

53.57
51.43

80.00
97 .36
15

76.75
96 .92

61.15
69.52

74.56
68.22

y

88.11
89.41

40.24
34.22

50.24
67.14

1797
73.98
10

58.68
90.58

62.85
41.36

57 .35
57.09

73.83
84.38
16

46 .01
54.17

66 .47
81.55

60.43
71.71

0.00
0.00

29.85
41.65

70.00
60.29

89.42
103.71
11l

58.11
116.50

62.62
43.69

62.62
73.27

68.30
84,95
17

47 .65
67.14

53.32
54.17

43 .40
47.16

70.38
87 .67

52.21
46 .30

51.53
69.38

82.43
117.50
12

96 .03
125.83

59.86
51.84

64.56
67.43

82.94
86.39
18

44 .57
46 .29

65.25
68.53

47 .06
51.06
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59

62

66

39

66

66

19

38.45
53.86

58.71

60.87

51«35
60.00
25

53.22
78.03

64.05
88.73
31

72.35
76.86

Appendix E (continued)

20

66.20
73.86

51.47
57 .55

40.19
48,93
26

72.38
58.41

60.59
54.56
32

76.02
76.31

21

72.21
86.91

52.28
54.09

63.71
62.91
27

68.88
58.43

60.15
64.18
33

72.33
71.44

Training Day

22

68.60
66.32

56.91
57 .00

50.53
54.91
28

65.68
57.98

65.74
67.07
34

79.08
77 .43

23

31.75
49.95

60.45
56 .03

49.14
63.35
29

77.25
83.00

72.06
72.71
35

58.22
52.50

24

37.57
52.57

49.95

61.32

30

95.10
89.85
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Appendix E (continued)

S1 response rates (top), S2 response rates (middle),
and DI scores (bottom) in Phase 2 of Experiment 3

Training Day

Subject 1 2 3 4 5 6
66 .35 88.28 66.58 59.38 53.68 45,24
59 85.93 90.91 60.66 17 .91 9.00 21.66

43 .57 49.26 52.32 76 .82 85.64 67.62

61.15 90.62 108.63 121.17 109.87 97.27
62 56.33 19.13 4.93 4.27 0.27 9.53
52.05 82.57 95.66 96 .60 99.76 91.08

50.64 49.80 70.26 78.01 88.29 92.36
66 63.87 19.33 80.91 40.25 40.41 45.91
44.22 72.04 46 .48 65.97 68.60 66.80

64.90 149.15 130.03 111.56 109.00 89.61
67 58.80 32.93 4.53 11.40 0.33 0.33
52.47 8l1.91 96 .63 90.73 99.70 99.63

7 8 9 10 11 12

38.80 37.04 52.31 18.88 14.18 56 .27
59 21.16 10.66 6.41 5.33 6.53 25,13
64.71 77465 89.08 77.98 68.47 69.13

90.70 84.59 88.14 90.62 94.41 98.13
62 0.73 5.47 0.80 11.27 0.67 1.13
99.20 93.93 99.10 88.94 99.30 98.86

19:13 73.84 63.93 67.35 85.54 102.27
66 13.09 6.91 1.00 14.47 12.67 14.27
85.81 9l.44 98.46 82.31 87.10 87.76

100,51 88.14 77 .94 78.38 88.77 94.06
67 0.47 Jeld 1.47 0.67 0.40 0.27
99.53 94.50 98.15 99,15 99,55 99.71



59

62

66

67

29

62

66

67

13

37.61
9.80
79,33

85.80
0.00
100.00

71.17
1.60
97.80

98.27
18.13
84.42

19

39.06
35.33
52.51

83.91
0.41
99.51

77.64
0.53
99.32

146 .95
0.59
99.60

Appendix E (continued)
Training Day
14 15 16

58.62 48.71 58.86
17.40 1.27 25.67
77.11 97 .46 69.63

89.07 81.79 88.64
0.27 0.41 0.50
99.70 99.50 99.44

71.91 78.94 90.99
2.40 13,33 2.13
96 .77 85.55 97.71

80.18 71.95 110.31
2.00 0.73 1.40
97 .57 99.00 98.75

20 21 22

58.37 46 .79 42.77
38.33 18.40 7.20
60.36 71.77 85.59

89.44 91.69 92.88
6.59 0.41 1.53
93.14 99,53 98.38

89.55 70.18 72.49
1.13 0.00 0.27
98.75 100.00 99.63

156.29 164.98 161.14
0.50 0.91 0.91
99.36 99.45 99.44

17

48.96
31.40
60.93

92.81
0.00
100.00

89.69
- 1.27
98.60

122.86
0.80
99.35

23

47 .00
12.13
79.49

82.99
0.47
99.44

84.49
4.20
95.26

169.99
0.25
99.85

18

47 .95
41.00
53.91

90.88
0.66
99.28

80.97
0.53
99,35

134.06
0.67
99.50

24

45.93
14.80
75.63

79.29
0.27
99.66

72.59
0.20
99.73

177.14
1.09
99,39
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59

62

66

67

59

66

67

29

66

25

44,31
9.53
82.30

8l.61
133
98.40

70.23
123
97 .87

170.53
0.91
99.47

31

51.34
10.93
82.45

74.77
19.07
79.68

159,74
0.47
39.71

37

76.30
6.67
91.96

83.23
7.33
91.91

Appendix E (continued)

26

31.88
8'53
78.89

80.72
1.00
98.78

77.74
0.47
99.40

159,72
0.53
99.67

32

61.78
10.67
85.27

82.42
3.80
95.59

136.39
0.00
100.00

38
65.08

7.80
89.30

76.68,

0.00
100.00

2

38.55
8.53
81.88

80.72
0.67
99.18

68.34
0.13
99.81

128,95
1.47
98.88

33

63.20
12 .73
83.23

88.37
6.07
93.517

130.52
0.20
99.85

39
82.19

2.40
97.16

Training Day

28

34.11
9.60
78.04

84.62
4.67
94.77

76.62
0.00
100.00

155.89
0.27
99.83

34

69.95
17.87
79.65

71.63
0.27
99.62

139.87
0.33
99.76

40
72.45

3.67
95.18

29

41.21
9.60
8l.11

82.07
0.40
99.51

71.15
4.87
93 .59

167.16
0.80
99.53

35

66 .47
Twdd
90.31

73.02
0.73
99.01

126 .66
0.73
99.43

30

46 .54
11l.33
80.42

78.92
0.27
99.66

72.38
16.13
8l1.78

163.38
1.00
99.39

36

72.38
10.07
87.79

64.15
1.13
98.27

139,13
0.20
99.86
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S1 response rates (top) and S2 response rates (bottom)

Subject
59

62

66

67

59

62

66

67

59

62

67

83.88
3.00

93.86
0.25

62.60
2.14

110.00
3.18

117 .21
71.14

99.38
0.67

75.88
58,98

67.93
0.13
13

78.82
77.74

94,33
0.38

74.42
82.43

Appendix E (continued)

in Phase 3 of Experiment 3

97.72
80.34

87.69
0.78

66 .06
0.00

76 .17
5.69

63.03
712..57

97 .94
1.14

72.38
67.64

49.86
0.00
14

43.29
45.58

103.30
0.00

102.03
88.41

Training Day

3

99.26
85.63

87.00
0.25

78.53
3.46

72.09
0.13

62.43
77.16

103.57
0.00

66 .57
67.64

38.22
0.00
15

80.88
78.00

91.44
1.17

71.94
79.53

4

82.57
80.39

83.86
0.38

51.00
0.00

76 .60
0.25
10

35.00
37.43

94.29
L 19

59,13
0.00
16

80.34
65.91

88.40
0.00

72.06
67.06

68.51
70.67

88.25
0.76

76.30
60.00

82.28
1.55
1l

69.23
56 .21

102.29
0.00

84.03
44.72
17

48.75
44,27

100.10
0.13

71.76
79.04

83 .47
72.78

98,29
0.76

68.59
69.66

81.70
2.69
12

58.13
46 .68

117.96
0.53

75.86
70.19
18

54.26
63.68

93.46
1.15

69.85
57.96
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a9

62

67

62

62

62

62

19

73.53
55.78

95.19
l.41

57.69
58.82
25
78.21
85.00
31
48.50
65.43
37

66.91
47.71

43
50.97
58.02

Appendix E (continued)

20

67.79
48.03

79.86
0.13

59.57
64.16
26
70.19
58.27
32
51.55
41.76
38

43 .85
38.07

21

64.04
56 .65

92.06
0.93

52.65
64.18
27
90.44
80.43
33
72.21
61.60
39

76.03
66.43

Training Day

22

84.84
0.38

56 .47
64.10
28
79.71
60.15
34
50.97
40.92
40

74.13
71.03

23

92.74
0.00

52.57
51.86
29
70.92
65.29
35

39.38
27.78

41

66.78
57 .33

24

86.75
1.07

30
70.10
39.50

36
55.10
40.61

42

55.71
55,57
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Abstract
This study tested the response additivity theory of
behavioral contrast and examined the relationship between
behavioral contrast and the peak shift in pigeons using
diffuse monochromatic stimuli with key-pecking and ring-
pulling as the response classes. 1In Experiment 1, it was
found that diffuse monochromatic stimuli do exert control
over responding with both response classes. 1In Experiment
2, when the birds were transferred froﬁ a mult VI VI to a
mult VI EXT schedule, the key-pecking pigeons exhibited
peak behavioral contrast and the ring-pulling pigeons
displayed negative induction when diffuse monochromatic
stimuli were employed. An increased rate of pecking at the
ring was observed along with the negative induction in the
RP subjects., Peak shifts were obtained with both key-
pecking and ring-pulling birds. Experiment 3 was conducted
with localized stimuli and a key-peckiﬁg response in order
to compare behavioral contrast with that of Experiment 2.
The subjects who did show behavioral contrast in this
experiment exhibited the phenomenon for the duration of
discrimination training. It was concluded that behavioral
contrast has two components: peak behavioral contrast at
the beginning of discrimination training caused by emotion-
al factors and extended behavioral contrast maintained by

the stimulus-reinforcer relationship.



