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The relationship between training conditions and stimulus generalization gradients was ex-
amined using tandem schedules of reinforcement. Schedules were selected so that frequency
of reinforcement and rate of responding were varied somewhat independently of each other.
A peak-shift in the generalization gradient was obtained when extinction had been associated
with one of the stimuli. No comparable peak shift was obtained when there were equal re-
sponse rates in the training stimuli even with dissimilar frequencies of reinforcement. The data
imply that response rates at the end of training, rather than reinforcement frequency per se,
determine the characteristics of the generalization gradient.

Studies of the effects of multiple schedules
(two or more schedules of reinforcement each
consistently associated with a different extero-
ceptive stimulus) of reinforcement on gener-
alization gradients can be placed into two
classes. In one class, usually called "discrimi-
nation" experiments, different rates of re-
sponding are generated in the training stimuli
by different schedules of reinforcement (Gutt-
man, 1959; Hanson, 1959). In the other class,
usually called summation experiments, iden-
tical rates of responding are established in
the training stimuli by using the same sched-
ule of reinforcement in each stimulus (Kalish
and Guttman, 1957, 1959).
A review of the first class suggests that when

certain types of rate changes occur during
discrimination training, the form of the stim-
ulus generalization gradient also changes. The
most important feature of the discrimination
training is whether the response rate in the
presence of the stimulus correlated with posi-
tive reinforcement (i.e., the positive stimulus)
is increased over some control value. This in-
crease, when it occurs, is called "positive con-
trast." Reynolds (1961a) has defined positive
contrast by reference to rate changes during
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multiple schedules of reinforcement. The re-
sponse rate during the presentation of one
stimulus may change when the schedule asso-
ciated with a different stimulus is altered. "A
positive contrast . . . would be an increase in
the rate of responding in one component in
a direction away from the rate prevailing in
the other component" (Reynolds, 1961a, p.
115). When positive contrast occurs, the stim-
ulus generalization gradient shows a "peak
shift" (Hanson, 1959; Terrace, 1964; Fried-
man and Guttman, 1965). The peak shift has
been defined as a difference in the distribution
of responses to the several stimuli presented
during the generalization test of subjects
trained under a discrimination procedure,
compared to those trained only with the
positive stimulus (Hanson, 1959; Terrace,
1964). For example, consider stimulus gener-
alization with wavelength stimuli. One group
of subjects is given discrimination training
involving a negative stimulus with a longer
wavelength than that of the positive stimulus.
A second group is given single stimulus train-
ing, involving only training to the same posi-
tive stimulus. The generalization gradient of
the discrimination group will show a greater
number of responses to stimuli of shorter
wavelength than the positive stimulus com-
pared to the gradient of the group given only
single stimulus training. Conversely, when
positive contrast is not observed during dis-
crimination training, a peak-shift does not
occur (Terrace, 1964). Peak-shifts have been
obtained when extinction was one component
of the training schedule (Hanson, 1959; Ter-
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race, 1964; Friedman and Guttman, 1965) as

well as when both components involved posi-
tive reinforcement (Guttman, 1959). The pres-

ent experiment investigated the effects of pairs
of training schedules involving extinction as

well as pairs of different positive reinforce-
ment schedules.
There are fewer experiments in the second

class but, as one example, consider Kalish and
Guttman (1957). They studied the case in
which identical reinforcement schedules were

paired with each of the different training stim-
uli to produce what were probably equal rates
of responding in each stimulus. The stimulus
generalization gradients following this train-
ing were quite different from gradients fol-
lowing training with a single stimulus. How-
ever, the differences cannot be ascribed to
reinforcement frequency alone, since response

rates and reinforcement frequency co-varied.
It is possible to conceive of an experiment in-

termediate between these two classes. It could
provide different frequencies of reinforcement,
a characteristic of the first class of studies, but
generate equal rates of responding in the
presence of the two discriminative stimuli, a

characteristic of the second class. Perhaps in
this way we may begin to investigate the ef-
fects on generalization gradients of differential
frequency of reinforcement as well as of differ-
ential response rates. The schedule chosen in
an attempt to vary rate of responding and
frequency of reinforcement somewhat inde-
pendently of each other was a tandem (tand)
variable interval (VI) differential reinforce-
ment of low rates (DRL). In this schedule,
reinforcement is made available at varying
periods after the previous reinforcement, ac-

cording to the VI schedule. When a reinforce-
ment is available, only a response that occurs

with a specified minimal interresponse time
(IRT) can be reinforced. This specified mini-
mal interresponse time is the value of the
DRL schedule. In other words, the VI sched-
ule determines the frequency of food rein-
forcement and the DRL schedule determines
the response rate, by placing an upper limit
on the rate that can be reinforced (cf. Ferster
and Skinner, 1957; Blough, 1963).

Subjects and Apparatus
Twenty Silver King pigeons, three to five

years old, were maintained at approximately
75% of their free-feeding body weights

throughout the experiment. The experimen-
tal chamber, made of Plexiglas except for
the aluminum response panel, measured 13 in.
long, 151/2 in. wide, and 181/2 in. high. An
aluminum disc with 1½V2-in. circular openings
into which Bausch and Lomb interference fil-
ters (44-78 series) and Kodak neutral density
filters (No. 96 series) were placed, was used
to program the visual stimuli. The illumina-
tion source was a GE 18a T10/2P-6v micro-
scope illuminator bulb with a ribbon filament.
The collimated monochromatic light trans-
illuminated the translucent response key. All
wavelength stimuli were equated for bright-
ness with neutral density filters according to
data on the pigeon's photopic sensitivity curve
(Blough, 1957). The response panel consisted
of a standard Gerbrands pigeon key below
which was mounted a Lehigh Valley pigeon
feeder.

Procedure
The 20 naive pigeons were divided into five

groups of 3, 4, 4, 4, and 5 birds. All subjects
were magazine trained on the first day and
then given 50 continuous reinforcement trials
on the second day with the key illuminated
by a 550 nm light. The unit "nm" refers to
"nanometer" which is mathematically iden-
tical to millimicron. The subsequent treat-
ment is described in detail below, and is sum-
marized in Table 1. The first four groups
were exposed during training to a multiple
schedule (Ferster and Skinner, 1957) with two
stimuli, 550 nm and 570 nm, and the fifth
group to only a single stimulus, 550 nm.
Group 1, composed of three subjects, received
between 13 and 17 days of training to the
schedule, mult VI 30 sec EXT, in which the
schedules were correlated with the 550 nm
and 570 nm stimulus, respectively. In this
multiple schedule, when the key was illumi-
nated with the 550 nm light, key pecks were
reinforced after varying periods of time after
the previous reinforcement, with an average
time of 30 sec (VI 30 sec), and when the key
was illuminated with the 570 nm light, no key
pecks were reinforced, i.e., extinction (EXT)
was scheduled. This group was used to insure
that the peak shift effect could be replicated
under the conditions of our apparatus and
procedures, using schedules similar to those
reported by other investigators.
Group 2 (four subjects) was exposed to a
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similar multiple schedule; 570 nm was paired
with extinction, but 550 nm was paired with
a tand VI 30 sec DRL 4 sec. As described
above, this schedule provides for reinforce-
ment of low rates (DRL) by allowing rein-
forcement only for interresponse times greater
than 4 sec; reinforcements became available
on the average of 30 sec after a preceding re-

inforcement (VI 30 sec). This group enabled
us to see whether peak shift would occur after
reinforcement on tand VI DRL schedules.
The DRL feature of this schedule was ex-

pected to limit or prevent any rate increase
(i.e., positive contrast) in the presence of 550
nm. The lack of positive contrast would be
most interesting if a peak shift occurred in
later testing.
Group 3 (four subjects) was exposed to a

multiple schedule made up of two positive
reinforcement schedules, mult (tand VI 30
sec DRL 4 sec) (tand VI 4 DRL 8 sec). The
parentheses set off the two schedules, the first
paired with 550 nm and the second, with
570 nm. Comparing the second schedule to
the first, it can be seen that reinforcement
is scheduled only one-eighth as frequently
(VI 4 versus VI 30 sec) and that a longer inter-
response time and hence a lower response rate
is required (DRL 8 sec versus DRL 4 sec).
The purpose of establishing this training
schedule was similar to that for Group 2,
namely to see whether a peak shift would
occur when positive contrast was not allowed
in 550 nm by the tand VI 30 sec DRL 4 sec

schedule. Another schedule, which might pro-
duce a peak shift, is, rather than extinction,
a schedule with occasional but less frequent
reinforcement than during the 550 nm stim-
ulus. The selection of such a schedule was

based on the study by Guttman (1959) in
which it was found that a peak shift occurred
when two VI training schedules differed in
frequency of reinforcement.

The schedules for Group 4 (four subjects)
were selected to produce equal response rates
in each of the stimuli despite greatly different
frequencies of food reinforcement. Using tan-
dem VI DRL schedules in each stimulus, this
effect can be produced by combining the VI
schedule that provides reinforcement more
frequently with the longer DRL, and the less
frequently reinforcing VI schedule with the
shorter DRL. The multiple schedule arbitrar-
ily selected to produce equal rates and un-

equal reinforcement frequencies was mult
(tand VI 30 sec DRL 4 sec) (tand VI 3 DRL 2
sec), paired with the 550 nm key light and
the 570 nm key light, respectively.
Group 5 (five subjects) was given training

only in the presence of a 550 nm key light,
and was the "control" group to which all the
other groups were compared. The reinforce-
ment schedule for this single stimulus train-
ing was tand VI 30 sec DRL 4 sec.

Table contains a summary of the design.
All groups given training to two wavelength
stimuli had either extinction (Groups 1 and
2) or less frequent reinforcement (Groups 3
and 4) in the presence of the 570 nm light.
The column labeled "rft. ratio 570 nm/550
nm" shows the ratio of reinforcement frequen-
cies in the presence of the two stimuli. The
response rate in the presence of 570 nm rela-
tive to the rate in the presence of 550 nm is
shown for each group in the right column.
The extinction schedule for Groups 1 and 2
was expected to reduce responding to zero in
the presence of 570 nm, whereas the selection
of tand VI DRL schedules for Groups 3 and
4 was expected to produce lower and equal
response rates, respectively. The terms in pa-

rentheses roughly summarize the results of
training, and indicate the extent to which
the design was met. We are in a position to
evaluate, independently, the effects on stim-
ulus generalization of response rates and rein-

Table I
Summary of schedules of reihforcement and expected reinforcement and response ratios.

Rft. ratio Resp. rate
Group 570 nm/550 nm 570 nm/550 nm

1 mult VI 30"-EXT 0 0
2 mult tand VI 30" DRL 4"-EXT 0 0
3 mult tand VI 30"' DRL 4"1-tand VI 4 DRL 8"' .20 (.20) <1 (<1)
4 mult tand VI 30" DRL 4"-tand VI 3 DRL 2" .20 (.33) 1 (>1)
5 tand VI 30" DRL 4" - -

*obtained data are in the parentheses.
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forcement frequencies that were associated
with training.

Other details of the training and testing
procedure were as follows. The presentation
of stimuli in training was alternated in a
fashion similar to that of Guttman (1959).
Two 4-min trials of 550 nm alternated with
two 4-min trials of 570 nm. Each 4-min trial
was separated by a 10-sec time-out period
(TO) during which the box was dark and no
reinforcements were given. Each session con-
sisted of 20 4-min trials, 10 at each stimulus
value. The group receiving only single-stimu-
lus training received 10 4-min trials.
On the day of testing, the four discrimi-

nation training groups were given four 4-mmn
trials under the appropriate schedules, two
trials at each stimulus value. The group given
only single-stimulus training received two 4-

min trials under the appropriate schedule.
Generalization testing followed immediately
and consisted of random presentations of
seven test stimuli for 30 sec with a 10-sec
time-out. There was a total of 56 test trials,
eight presentations of the seven test stimuli
(520 to 580 nm in 10 nm steps). No reinforce-
ments were available during tests.

RESULTS
The response rates in the presence of 550

nm and 570 nm, and numbers of reinforce-
ments in each session are presented for the
individual birds in Fig. 1, 2, and 3. The left
column of Fig. 1 shows that relatively high
rates of responding were maintained in the
presence of the 550 nm key light (VI 30 sec
schedule), and near-zero rates in the presence

VI 30"- EXT VI 30" DRL4"-EXT VI 30" DRL4"
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Fig. 1. Mean rates of responding and numbers of reinforcements for each of the last 10 sessions before generali-
zation test for every subject in Groups 1 (mult VI 30"-EXT), 2 (mult tand VI 30" DRL 4"-EXT) and 5 (tand
VI 30" DRL 4"). Response rates are shown by the long-dash curves and numbers of reinforcements per session, by
the short-dash curve. The unit nm refers to nanometer which is mathematically identical to millimicron.
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of the 570 nm key light (extinction). About
70 reinforcements were delivered each session.
As shown in the middle column of Fig. 1,
when extinction (570 nm key light) was alter-
nated with tand VI 30 sec DRL 4 sec (550 nm
light), the response rate in the presence of
550 nm was much lower, decreasing from a
mean of about 55 responses per min, for re-
sponding under VI 30 sec, to about 17 re-
sponses per min, for responding under tand
VI 30 sec DRL 4 sec. (The reinforcement rate
also declined in the presence of the 550 nm
key light, from about 70 per session to about
52.) The response rate in the presence of 550
nm was the same under tand VI 30 sec DRL
4 sec, whether or not this schedule was alter-
nated with extinction and a 570 nm key light.
Comparison of the rates for individual sub-
jects shown in the middle and right columns
of Fig. 1 shows near equivalence of both re-
sponse rates and reinforcement frequencies in
the presence of the 550 nm key light. Since
these two groups have one schedule in com-
mon, tand VI 30 sec DRL 4 sec, this compari-
son shows that extinction, alternated with the
tandem schedule for one of the groups, pro-
duces no difference in response rate. Behav-
ioral contrast, tested here in terms of a differ-
ence in response rates for two groups of
subjects, did not occur.3
The response rate data of the mult tand

VI 30 sec DRL 4 sec-tand VI 4 DRL 8 sec
birds are shown in the left column of Fig. 2
and the reinforcement data in the right col-
umn. The extent to which the data of these
subjects met the objective of being compar-
able to the data of Guttman (1959) can be
evaluated. We attempted to obtain compar-
able differences in response rate as a function
of differences in the frequencies of reinforce-
ment of two schedules. If one calculates the
number of reinforcements earned per session

3It is possible that behavioral contrast is less likely
to occur when both S+ and S- stimuli are alternated
at the very beginning of training. Reynolds and Catania
(1961) found contrast in a mult DRL-EXT schedule
when EXT was introduced after base-line data had
been obtained on a mult DRL 21"-DRL 21". Also, three
months after the present study birds EEl, EE2, EE7,
EE8, and YIOI were exposed to a tand VI 30" DRL 4"
in the presence of 550 nm and when the rates were
again stable a mult tand VI 30" DRL 4"-EXT was in-
troduced. All birds showed significant rate increases in
the presence of the positive stimulus i.c., behavioral
contrast.

in the presence of 550 and 570 nm, the ratio
of reinforcements in those respective stimuli
is 5:1, the same as in Guttman's study which
used a mult VI 1 VI 5. The difference in re-
sponse rates, shown in the left column of
Fig. 2, was not as great as in Guttman's study.
The present schedules yielded only a 20%
difference in total percent of responding (60%
in 550 nm, 40% in 570 nm) while Guttman's
(lata show a 35% difference in total percent
responses to each stimulus. Note also that the
rates of responding in the presence of the 550
nm key light are comparable to the rates of
the two groups shown in Fig. 1 trained under
a tand VI 30 sec DRL 4 sec schedule. In other
words, the alternation of this schedule with
one providing less frequent reinforcement
does not produce behavioral contrast.
The response rates and reinforcement data

for the individual birds exposed to the mult
tand VI 30 sec DRL 4 sec-tand VI 3 DRL 2
sec are presented in Fig. 3. The response rate
data are shown in the left column and the
reinforcement data in the right. Two of the
subjects, Y2 and Y7, had overlapping response
rates, despite large differences in reinforce-
ment frequency, whereas the other two sub-
jects, Y8 and EE7, had slightly higher response
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Fig. 2. Mean rates of responding, in the left column,
and numbers of reinforcements, in the right column, in
each stimulus for the last 10 sessions before generaliza-
tion test for every subject in Group 3. The two-compo-
nent schedules of the multiple schedule were tand
VI 30" DRL 4" and tand VI 4 DRL 8", with the key
lit by 550 nm and 570 nm lights, respectively. The unit
nm refers to nanometer which is mathematically iden-
tical to millimicron.
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Fig. 3. Mean rates of responding, in the left column, and numbers of reinforcements, in the right column, in each

stimulus for the last 10 sessions before generalization test for every subject in Group 4. The two-component sched-
ules of the multiple schedule were tand VI 30"1 DRL 4" and tand VI 3 DRL 2", with the key lit by 550 nm and
570 nm lights, respectively. The unit nm refers to nanometer which is mathematically identical to millimicron.

rates in the presence of the 570 nm key light
which had the lower reinforcement frequency.
The attempt to eliminate the positive corre-
lation between response rate and reinforce-
ments per session was successful. If anything,
responding under the schedule giving fewer
reinforcements was higher than responding
under the schedule giving more reinforce-
ments per session. The attempt to achieve the
-5:1 reinforcement ratio, the same difference
as for Group 3 (Table 1), was not successful.
The approximate ratio of reinforcements in
the presence of 550 and 570 nm was 3:1. The
mean rate of responding in the presence of
550 nm for these subjects was higher than the
mean response rate of the group given only

single-stimulus training (Group 5). Thus, dis-
crimination training produced an increase in
responding in the presence of 550 nm. This
increase in responding is, however, more ap-
propriately called induction rather than con-

trast (Reynolds, 1961a). Induction refers to a
change in rate in one component in a direc-
tion toward the rate prevailing in the other
component. Since the rate in 570 nm was, if
anything, higher than that in 550 nm it ap-
pears more appropriate to label the rate in-
crease in 550 nm, induction.
The generalization gradients are shown in

Fig. 4. The five curves divide themselves into
two types: the groups of pigeons trained on
mult VI 30 sec-EXT and mult tand VI 30 sec
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DRL 4 sec-EXT both show a peak-shift, with
more responding to wavelengths shorter than
550 nm and less responding to wavelengths
longer than 550 nm. It should be noted that
the mult tand VI 30 sec DRL 4 sec-EXT
group did not show behavioral contrast dur-
ing training. Nevertheless, a peak-shift in the
generalization gradients was obtained. The
other three groups have curves rather similar
in appearance. The gradient for the birds
given mult tand VI 30 sec DRL 4 sec-tand
VI 4 DRL 8 sec differs markedly from gra-
dients produced by birds trained with ex-
tinction as one component in the multiple
schedule. The gradient does not in fact differ
markedly from the gradient (Group 5) ob-
tained after single-stimulus training (p = .112,
Mann-Whitney U test). It thus appears that
the generalization gradient is not necessarily
affected by discrimination training in which
the training stimuli are associated with dif-
ferent frequencies of reinforcement.

MULT VI 30" EXT
40 ~~~~~~~EXT ------

40
VI 4 =-ORLa
VI 3 DRL2

0 '. ~~~~~~~CONTROL

0

-J

0

I o-a 520 530 540 550 560 570 50

WAVE LENGTH (NM)

Fig. 4. Stimulus generalization gradients of all sub-
jects. The mean relative response rate for each group
(percent of total responses) is plotted against each of
the stimuli in the generalization test (wavelength of
light on response key, nm). All five groups are repre-
sented, and the curves for each are labeled in the fol-
lowing way: Group 1, after mult VI 30"-EXT: mult
VI 30"' EXT; Group 2, after mult tand VI 30" DRL 4"
-EXT: EXT; Group 3, after mult tand VI 30" DRL
4"-tand VI 4 DRL 8": VI 4 DRL 8"; Group 4, after
mult tand VI 30"' DRL 4"-tand VI 3 DRL 2": VI 3
DRL 2"; and Group 5, after tand VI 30" DRL 4":
CONTROL. In other words, the groups (2-4) trained
with tand VI 30", DRL 4" in the 550 nm key light are
designated by an abbrevation of the schedule that had
been presented in the 570 nm stimulus; Group 5, with
no prior exposure to 570 nm is designated CONTROL,
and Group 1, not trained under tandem schedules, is
labeled in full, mutt VI 30" EXT. The unit nm refers
to nanometer which is mathematically identical to
millimicron.

One interesting comparison is between the
data of the birds trained under a mult tand
VI 30 sec DRL 4 sec-tand VI 3 DRL 2 sec
with the data of those trained under a mult
tand VI 30 sec DRL 4 sec-tand VI 4 DRL
8 sec. Both schedules provided less frequent
reinforcement in 570 nm, but the first sched-
ule produced equal, or slightly lower rates in
550 nm compared to 570 nm, whereas the
second produced slightly higher rates in 550
nm. All birds trained under the first schedule
emitted a greater percentage of responses in
the presence of stimuli associated with less
frequent reinforcement and a slightly higher
rate. These data suggest that response rates
before generalization tests are an important
factor affecting gradient shape. This sugges-
tion has been made by Migler (1964) in a
slightly different context. Migler suggested
that generalization gradients may be ". . . an
artifact of averaging . . . different behaviors"
(p. 307). An implicit assumption in Migler's
argument is that the differential behaviors or,
in the present case, the different response
rates, maintained during discrimination train-
ing contribute more to the characteristics of
the generalization gradient than do the differ-
ential reinforcement contingencies that pro-
duced the different behaviors.

DISCUSSION
The present data will be analyzed with a

view to specifying the necessary and sufficient
conditions for the peak-shift in generalization
gradients. First, it seems that positive contrast
during training is not a necessary condition
for a peak-shift. A peak-shift was found even
though positive contrast had not occurred dur-
ing training (Group 2 versus Group 5). Fried-
man and Guttman (1965) have also suggested
that positive contrast during wavelength dis-
crimination is not a necessary prerequisite for
a shift in the gradient of wavelength stimuli.
Is a rate increase a sufficient condition? The
group trained under a mult tand VI 30 sec
DRL 4 sec-tand VI 3 DRL 2 sec (Group 4)
had a rate increase in the presence of one
training stimulus, although we interpreted
this increase as induction rather than positive
contrast. In the generalization test, however,
there was no shift in the distribution of re-
sponses away from the stimulus associated with
less frequent reinforcements. There was, in
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fact, a shift towards the stimulus associated
with less frequent reinforcement and higher
response rates. Friedman and Guttman also
suggest that "some effect of discrimination
training in addition to S+ rate increase is
involved in the shifted gradient . . . " (1965,
p. 266).

Kalish (1965, p. 73) has suggested that "the
nature of S- and the conditions for its pres-
entation appear to be substantial variables in
determining the form of the postdiscrimina-
tion gradient." It would appear that one nec-
essary condition for a peak-shift is that re-
sponding in the presence of the "negative"
stimulus be reduced in frequency during
training. The key word is "reduced." Blough
and Millward (1965, p. 72) also suggest that
"'Inhibitory' phenomena seem . . . to arise
when the subject responds to a stimulus but
this responding is not reinforced enough to
be maintained at its initial level." Terrace
(1964) has shown that if almost no measured
responses are ever made to the negative stim-
ulus then the peak-shift does not occur. The
present data can also be interpreted in this
manner. That is, if responding in the presence
of a stimulus (570 nm) associated with less
frequent reinforcement is maintained at a
relatively high level, compared with respond-
ing in the presence of a stimulus (550 nm)
associated with more frequent reinforcement,
then the peak-shift does not occur. Kalish
(1965, p. 72) has also suggested that, "the ratio
of responses to S+ and S- required to produce
the post-discrimination changes is, of course,
a ripe subject for investigation." The reduc-
tion in responding in the presence of the
negative stimulus need not occur during dis-
crimination training in which the negative
and positive stimuli are presented alternately.
Responding in the presence of the negative
stimulus can be reduced by a separate extinc-
tion session in which exposure to only the
negative stimulus is given after previous ses-
sions of exposure to only the positive stimulus.
Friedman and Guttman (1965) have shown
that if a separate extinction session is given
in which only the negative stimulus is pre-
sented, then a peak-shift occurs with no fur-
ther training involving the positive stimulus.
Honig, Thomas, and Guttman (1959) and
Hearst and Poppen (1965), however, had pre-
viously reported experiments in which a sepa-
rate session of extinction in the presence of

the negative stimulus did not produce a peak
shift. The important difference between these
studies is that Friedman and Guttman (1965)
had, before the separate extinction session,
obtained a rate increase in the presence of the
positive stimulus, whereas Honig et al. (1959)
and Hearst and Poppen (1965) did not report
any such rate increase. The rate increase to
the positive stimulus in the Friedman and
uttman study (1965) resulted from discrimi-
ation training involving a wavelength stim-
lus that illuminated the entire pigeon key
the positive stimulus) and a cross of the same
avelength. There was a peak shift.
What if positive contrast does not occur?

What further conditions are necessary to ob-
tain a shift in the generalization gradient?
The present data suggest that a peak-shift will
occur even though positive contrast has not
been observed during discrimination training
if the positive and negative stimuli are alter-
nated in some fashion during discrimination
training and if there is a reduction in re-
sponding to the negative stimulus. It also
appears that if responding in the presence
of the negative stimulus is reduced and a
rate increase in the positive stimulus is ob-
tained during discrimination training, then a
shift in the generalization gradient occurs
even though the negative stimulus was pre-
sented in a separate extinction session. Fried-
man and Guttman (1965, Experiment 3) ap-
pear to contradict this latter suggestion. In
that experiment, a wavelength stimulus (550
nm) was presented in random alternation with
a time out stimulus, each stimulus condition
of 60 sec duration. After this discrimination
training, a separate extinction session with a
different wavelength stimulus (570 nm) did
not produce a shift in the gradient, although
they report that positive contrast occurred
during discrimination training. A closer anal-
ysis of their discrimination data suggests that
the increase in response rate to the positive
stimulus (550 nm) may have been a conse-
quence only of the added number of rein-
forcements given during the discrimination
training and not of discrimination training
with a time-out stimulus. The authors state
that "the rate to 550 m, did not increase dur-
ing the first training period" (p. 262). The
data presented in their Fig. 1 show that the
response rate in the presence of 550 nm was
increasing steadily over the five days of train-
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ing before the time out stimulus was intro-
duced. Perhaps if training had been continued
without the 60-sec time out stimulus, the rate
increase in the presence of 550 nm would
nevertheless have resulted. Further support
for this suggestion is present in their Table 1
(p. 258) which shows that the terminal rate
to the positive stimulus (550 nm) for two
groups given discrimination training with 550
nm and a 60-sec time out stimulus was lower
than the terminal rates for two groups given
discrimination training involving 550 nm on
the entire key and a 550 nm cross on the key.
If these interpretations are correct, namely
that no increase due to time out occurred in
their experiments, then their data are not
inconsistent with our hypothesis. That is,
under the specific conditions in which re-
sponding is decreased in the presence of a
negative stimulus by a separate extinction ses-
sion, a peak-shift will not occur unless positive
contrast had occurred.
The present analysis tends to subordinate

the role of the differential reinforcement con-
tingencies in the positive and negative stimuli
to the role of the differential behaviors in the
stimuli (as independent variables) in affecting
the peak-shift. It is possible that although
differential reinforcement contingencies estab-
lish different behaviors during discrimination
training, the characteristics of the different
behaviors have a more major role in generali-
zation tests than the reinforcement contin-
gencies that produced the different behaviors.
The present emphasis on the behaviors estab-
lished in the presence of each stimulus during
training resembles the position taken by Mig-
ler (1964).

This analysis would lead to the following,
unusual, experimental prediction. If key pecks
were reinforced with food in the presence of
one stimulus, e.g., 550 nm, on VI 30 sec, and,
in the presence of another stimulus, e.g., 570
nm, non-key pecking behavior were reinforced
with food with the same frequency of occur-
rence (a DRO, i.e., differential reinforcement
of other behavior schedule), a peak shift
should resultl Responses in the presence of
the stimulus associated with DRO -schedule
(e.g., 570 nm) would be reduced to some level;
positive contrast in the presence of the stim-

ulus associated with the VI 30 sec schedule
(e.g., 550 nm) presumably would not occur
(Reynolds, 1961b) but since 550 and 570 nm
would be alternated, all the conditions previ-
ously found necessary for the peak-shift would
have been met.
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