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ABSTRACT

THE EFFECT OF INTERPOLATED EXTINCTION TRAINING ON THE
REVERSAL OF A SIMULTANEOUS BRIGHTNESS DISCRIMINATION

by
Matthew W. Kahn

Advisor: Professor Harry M. Jagoda

Reversal leafning. which involves the extinction
of the original discrimination and the acquisition of the
reversed disorimination, logically should be facilitated
by extinction training interpolated between discrimina-
tion and reversal learning, Howevef, in the several ex~-
periments that have employed interpolated extinction
training, it has not served to facilitate (or protract)
reversal learning. The focus of this 1nve§tigation is on
the process that undérlies this phenomenon and on the re-
levant theoretical approaches.

In automated shuttleboxes, 108 albino rats received
20 noncorrection trials per day until they learned a si-
multaneous brightness discrimination. They were then
matched and assigned to nine groups, In a 3x3 factorial
design, each group received interpolated training with
one of the possible combinations of stimulus and rein-
forcement experience: Each stimulus could be present for
ten reinforced daily trials, present for ten nonreinforced

daily trials, or absent during the five days of interpo-



lated training. All groups then learned the discrimina-

tion reversal.

As in previous studies, the interpolated extinction
training did not alter the number of days required to meet
the reversal criterion. In contrast to the analysis of o~
verall reversal performanée. other analyses indicated that
significant changes within the course of reversal learning
did occur, Interpolated extinction training significantly
facilitated éhe first part of reversal learning and, to a
corresponding degree, protracted the later parts.

It was concluded that interpolated extinction train-
ing produces multiple effects on reversal learning; these
effects operate in opposing directions at different points
in the course of reversal learning. The observation of
sequentially contravening effects is incompatible with
theoretical approaches such as attention theory that pos-
tulate the dissociation of a secondary, mediating process
of learning during interpolated extinction training and
the consequent protection of the original discrimination
assoclations from the extinction effects. A single pro-
cess, assoclative model was proposed that can accommodate
the observed changes within specified parts of reversal
learning as well as the overall reversal performance fol=-
lowing interpolated extinction training. This model can
also account for the overtraining reversal effect.

The significant interaction between the effects of
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interpolated experience with each stimulus indicates that
reversal learning is more appropriately viewed as a rela-
tionship between two sets of stimulus-reinforcement con-
tingencies than as an algebraic difference between inde-
pendent response gradients along the given stimulus dimen-
sion. In light of the observed interaction, it becomes
apprOpriate to assess independent stimulus effects only
when found significant beyond any interacti;n effect that
may be present, There was an independent effect of inter-
polated experiencé with the stimulus nonreinforced in re-
versal learning., Moreover, any interpolated experience
that did not include this stimulus and couple it with non-
reinforcement served to protract reversal learning.

A general implication of the sequential contraven-
tion conclusion is that manipulations conceived as a single
operation, such as extinction training, need not have sime
ple and unidirectional effects. A related implication is
that the reversal learning process is not adequately rep-
resented by single measures of overall performance, such
as trials or days to meet a performance criterion. Analy=-

ses of individual learning phases are necessary.
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The reversal of a discrimination is generally con-
sidered to involve at least two essential steps. Rever-
sal learning is described by Sutherland and Mackintbsh
(1971, p. 258) "as consisting of two parts: first, the
extinction of the original discrimination, and second,
the acquisition of the reversal discrimination." Sperling
(1970) includes the same basic components in her three-
phase concept of reversal learning.

It follows that extinction training, interpolated
between the acquisition of a discrimination and its re-
versal, should hasten the extinction of the original dis-
crimination response habits and thereby facilitate rever-
sal learning. However, this expected facilitation has
not been observed. interpolated extinction training has
been found to produce no facilitation (or protraction) of
reversal learning, as compared with reversal learning not
preceded by interpolated training., This paradoxical ex-
tinction effect (PERE) 1s the focus of the present in-
vestigation, The PERE problem has remained unresolved

since its original report by D'Amato and Jagoda in 1960,

PERE Background
D'Amato and Jagoda (1960) tested the hypothesis

that interpolated extinction trials would reduce the num-
ber trials required to learn the reversal of a brightness
discrimination. In an automated Y-maze, rats were either

given 60 extinction trials or reversed immediately upon



meeting the discrimination criterion, Considering the ex-
tinction trials not as part of the reversal training but
as a seperate stage of trailning interpolated between dis-
crimination and reversal learning, the two groups did not
differ in their reversal learning facility.

Reviewing the effect of interpolated extinction
training on reversal learning, Sperling (1965) concluded:
"Interspersed extinction, then has no apparent effect on
feversal learning per se." Given the peculiarity of such
a conclusion and its implications for established learn-
ing principles, Sperling speculated that D'Amato and

Jagoda's 60 interpolated extinction trials may not have

. provided sufficient extinction of the original discrimina-

tion response habits for the predicted reversal facilita-
tion to ococur,

Because the PERE seems 80 discrepant with the usu-
al effects of extinction training and with the view of
reversal learning as fundamentally the same process as
discrimination learning, a study (unpublished, 1970) was
conducted in Jagoda's lab to test the earlier PERE report
and to take into account Sperling's speculation that 60
extinction trials may not have been sufficient. Upon
learning a simultaneous brightness discrimination in an
automated shuttlebox, 30 rats were matched for discorimina-
tion performance and assigned to three groups. Group C

began reversal training on the day following the meeting



of the discrimination criterion. Group E-20 received 20
nonreinforced trials (10 with each stimulus) per day for
10 days prior to reversal training. Group E-50 received
50 nonreinforced trials (25 with each stimulus) per day
for 4 days. Groups E-20 and E-50 both received a total
of 200 interpolated extinction trials, Group E-50 was
included to test the possible effect of denser massing of
. the extinction training; Stanley (1952) found that great-
er massing of extinction trials produced greater extinc-
tion effects on discrimination learning where learning
was measured by stimulus choice, '

Groups C, E-20, and E-50 did not differ signifi-
cantly in the number of days required to meet the rever-
sal criterion (F< 1, df = 2,16), Figure 1 shows the daily
reversal performance for each of the three groups. The
curves are virtually identical. Thus, the PERE was rep-
licated; 200 interpolated extinction trials did not fa-

cilitate reversal learning.

Scope and Purpose
The PERE has been studied and consistently observed

in simul taneous brightness discriminations. The scope of
the present inquiry is limited to those situations.,

The purpose of this investigation is to test the
reliability of the PERE and to determine the process that
underlies it. The implications of the PERE and its un-

derlying process for current theories that bear on rever=
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sal learning will be explored.

Theoretical Approaches

Current theoretical approaches to reversal pheno-
mena are usually dichotomized as single and dual process
approaches., Single process approaches explain reversal
behavior in terms of an associative process. Dual pro-
cess approaches include this associative process and pos-
tulate a second, mediating process, such as attending to
the appropriate stimulus dimension, that governs the ex-
tent to which the associative process'may operate, This
dichotomy, though traditional, is of limited value here,
for it does not closely correspond to the differential
predictions of the several theoretical approaches that re-
late to reversal phenomena.

A different classification of theoretical approach-
es seems more appropriate for the investigation of the
PERE. One group of approaches posits the operation of
some factor to suspend modifications of associations and
thereby to protect the response habits from change during
interpolated training. The locus of this factor may be
internal, such as the central or peripheral mediators of
attention theory, or it may be external and reside in the
nature of the learning situation. Thus, protection ap-
proaches may include both single and dual process theories,

A second group of approaches postulates effects of

interpolated training that can counteract each other.
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Contravention approaches do not postulate the suspension
of the assocliative process during interpolated training,
They may be viewed as single process, in that only an as-
sociative process is involved. They may also be viewed as
dual process, in that the operation of two effects is pro~
posed to result from interpolated training and to inde-

pendently influence reversal performance,

Protection Approaches

Attention theory. Of the approaches that predict

that interpolated extinction will not substantially re-
duce the response strength.of the original discrimination
habits, attention theory enjoys the greatest current popu-
larity. Models of reversal learning based on selective
attention to the relevant stimulus dimension were pro-
posed by Lovejoy (1966), Mackintosh (1965), Sutherland
(1959), and Trabasso and Bower (1968). The most compre-
hensive exposition of attention theory, and its most de~
veloped model, 1is provided by Sutherland and Mackintosh
(1971).

. Attention theory can readily accommodate the PERE.
If interpolated extinction training serves to rapidly ex-
tinguish attention to the appropriate stimulus dimension
before the specific response associlations can be sub-
stantially diminished, then the original discrimination

will survive the interpolated extinction training intact.



Sutherland and Mackintosh (1971, p. 268) explain:
During extinction tfials. the reievant ana=-
lyzer is extinguished to the point where it
no longer controls behavior and subjects re-
spond at chance with respect to the relevant

cue, The responses attached to the outputs
of the analyzer, however, have not been e-

qualized, although this is not apparent from

the subject's choice behavior since his be-

havior is now predominantly controlled by

some other analyzer,

Interpolated extinction training is thought to cause at-
tention to shift away from the brightness dimension and
so protect the original discrimination associations from
substantial diminution.

If the original discrimination response habits are
found to survive interpolated extinction training sub-
stantially undiminished, attention theory will remain a
viable approach to the PERE, If, however, the original
discrimination response habits are substantially reduced,
attention theory will be incompatible with the observed
behavior,

Attention theory provides a second prediction that,
although not directly related to the PERE, is testable in
the present study. Overtraining the discrimination prior
to reversal should strengthen the brightness analyzer;
this should result in fewer responses to stimulus dimen-
sions other than brightness during reversal learning.

Less position-based responding is predicted in reversal

following overtraining. In Sutherland and Mackintesh's



(1971, p. 468) formal model, Rule E-39 states: "overtrain-
ing decreases-the number o0f responses to irrele%ant cues
made in the course of reversal learning, and results in a
shorter plateau (at 50% correct) in the course of rever-
sal." This prediction would be confirmed by a reduction
in pésition-based responding during reversal following in-
terpolated overtraining; it would remain unconfirmed if
the position-based responding following interpolated over-
training is increased or unchanged.

Attention theory provides a third prediction that
is testable in this study. ¥Forced reversal training, ex-
perienced during what ordinarily would be the period of
position~based responding in which the brightness analy-
zer is claimed to be switched out, should retard reversal
learning. Sutherland and Mackintosh's (1971, p. 465) Rule
E-8 states; "Giving reversal pretraining while animal's re-
sponses are éontrolled by a position habit retards subse-~
quent learning.” Slower reversal learning by subjects
learning the mi&dle phase under forced reversal conditions
is predicted,

In summary, the prediction by attention theory that
bears directly on the PERE 1is the postulated switching out
of the brightness analyzer that serves to protect the dis-
crimination from the effects of interpolated extinction,
This mechanism, note Hilgard and Bower (1966), enables at-

tention theory to explain why a discrimination habit "can



be preserved more or less intact" throughout interpolated
training.

Yet, the prediction of protection of the discrimi-
nation during interpolated extinction training can alseo
stem from approaches that require no second, mediating
learning process,

Cue function approach. D'Amato and Jagoda (1960)
hypothesized that the presence of reward in the learning
situation may serve to maintain the original response ten-
dencies during reversal learning: "if reward were removed
from the situation, at least for a'time. reversal learn-
ing might be facilitated." They concluded that the pre-
sence of reward does serve as a "cue factor" which main-
tains the original response habifs.

Two prodictions issue from the cue fﬁnction ap-
proach, The first is the protection prediction, identi-
cal in result to the major prediction of attention theory,
but based on an external mediator., If the response as-
soclations of the original discrimination are not salient
during interpolated extinction training due to the absence
of reward but are resurrected upon the re-introduction of
reward when reversal training begins, then the original
response habits will be protected from the effects of in-
terpolated extinction training.

The second prediction concerns an interpolated con-

dition in which both stimuli are experienced and both are
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reinforced, The presence of reinforcement should maintain
the salience 6f the original response habits and render
them more vulnerable to equalization during such inter-
polated training. Consequently, interpolated training in
which both stimuli are present and reinforced should re-
sult in less resistance to extinction of the original dis-
crimination response habits during reversal learning and
faster meeting of the reversal learning criterion,

The differential reinforcement approach.” The dif-
ferential reinforcement approach also predicts the protec-
tion of the original discriﬁination without postulating a
second learning process within the subjects., Discrimina-
tion learning is fundamentally acquiring differential re-
sponses to distinguishable stimuli as a result of their
contrasting reinforcement contingencies, Perhaps differ~
ential reinforcement is essentiél for the learning or re-
versal of a discrimination. This view is supported by
the results of Andelman and Sutherland (1970) and Fox
et al, (1970). As opposed to concepts of discrimination
based on algebralc differences between independent gradi-
ents along a given stimulus dimension, the differential
reinforcement approach emphasizes the nature of the re-
lationship among stimulus-reinforcement combinations,

The differential reinforcement approach predicts
that, in the absence of at least two differentially rein-

forced stimuli, discrimination learning is simply not sub-
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Ject to much acquisition or extinction. This approach ac-
counts for the PERE via the suspension of the discrimina-
tion learning situation due to the absence of differential
reinforcement during interpolated extinction training, 1In
addition to the protection prediction, this approach pre-
dicts that subjects given any interpolated training that
includes differential reinforcement will undergo consider-
able modification of the original discrimination response
habits, while other subjects will not.

The protection approaches, in common, predict the
survival with little diminution of the original discrimi-
nation through interpolated extinction training, and thus
account for the PERE. These approaches also generate
other testable and unique predictions that permit empiri-

cal evaluation,

Contravention Aggroaches

Contravention accounts of the PERE propose that in-
terpolated extinction training produces more than one ef-
fect on reversal performance and that these effects coun-
teract each other,

Contravention approaches are based on a peculiar
aspect of extinction training. 1In providing nonreinforce-
ment for responses to each of the stimuli, extinction
training incorporates reversal training of the originally

reinforced stimulus and overtraining of the originally
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nonreinforced stimulus. Contravention approaches propose
that these two components serve respectively to facilitate
and to protract reversal learning, thus producing a net
cancellation of extinction training effects on reversal

learning,

Simul taneous contravention. If interpolated extinc-

tion training produces counteracting effects, it is possi-
ble that these effects operate at the same point within
the course of reversal learning. The simultaneous contra-
vention hypothesis would be supported by the observation
of the PERE plus the equivalence of reversal performance
at every phase of reversal learning by the group receiving
interpolated extinction training and by the group reversed
with no training interpolated between discrimination and
reversal learning, Differences between these groups at
any reversal phase would disconfirm the simultaneous con-
travention hypothesis,

Sequential contravention. It is also possible that

interpolated extinction training produces counteracting
effects that operate at different points within the course
of reversal learning.

This approach depends, for the measurement of rele-
vant behavior, on the assumption that reversal learning
consists of distinguishable phases. As mentioned earlier,
Sutherland and Mackintosh (1971) think that reversal learn-

ing consists of an extinction pﬁase and a reversal learne



13

ing phase. Sperling (1970) delineates an extinction phase,
a position~based respéndiné phase, and a reversal learning
phase., The notion of distinct reversal learning phases
need not be accepted at this point, however. If the
phases differentiated do not correspond to reversal be-
havior, differences among the groups at different phases
simply will not emerge., On the other hand, the emergence
of such differences would support the appropriateness of
the phase representation of reversal learning.

The specific predictions of the sequential contra-
vention approach are also based on a view of extinction
training as involving reversed and overtrained stimulus
components. Interpolated extinction training is predic-
ted to producé the response-~strength decrement in accord
with general learning principles. Therefore, such train-
ing should reduce the perseveration of the original dis-
crimination response hablts during reversal learning. 1In
addition, interpolated extinction training is predicted to
produce other effects that operate at later phases of re-
versal learning to counteract the facilitation of rever-
sal learning by reduced perseverative responding, If
these contravening effects are about equal, the interpola-~
ted extinction group will not differ in overall reversal
speed from the group receiving no interpolated training
prior to reversal learning.

Several theoretical approaches that might account

for the PERE have been proposed. Some posit protection
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of the discrimination during interpolated extinction
training. Other approaches suggest multiple effects of
extinction training that can contravene. Whatever pro-
cess underlies the PERE, the observed reversal behavior
must be based on the effects of experience with specific

stimuli,

The Role of Experience with Each Stimulus

The role of each stimulus in reversal learning has
been considered by D'Amato and Jagoda (1960, 1961). In
their view at that time, the most crucial part of reversal
learning is to extinguish the tendency to avoid the previ-
ously negative stimulus., In recent years however, Jagoda
has come to view the acquisition of the tendency to avoid
the previously positive stimulus as the most important
part of reversal learning. D'Amato (1969) has expressed
the same revised view. Stevens and Fechter (1967) pro-
vided interpolated nonreinforced experience with the pre-
viously reinforced stimulus for one group and found faster
reversal learning than exhibited by another group given
reinforced experience with the previously nonreinforced
stimulus,

If reversal learning obeys the same laws as dis-
crimination learning in general, evidence concerning the
role of each stimulus in discrimination learning becomes
relevant, A larger body of literature becomes available;

it supports the attribution of greater importance to ex-
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perience with the nonreinforced stimulus,

Denny and Dunham (1951) held the number of rein-
forced trials constant and varied the number of nonrein-
forced trials, They found that greater amounts of non-
reinforcement resulted in faster discrimination learning,
Fitzwater (1952) investigated the relative influence of
different éropoftions of reinforced and nonreinforced
trials while holding the total number of trials constant,
He concluded that "an appreciable discrimination does not
seem to occur if aﬁ approach habit is established alone."
Birch (1955) observed that differential ratios of nonrein-
foroemént résulted in differential discrimination profici-
ency. Lachman (1961) used three ratios of reinforced and
nonreinforced trials. He determined that "Discrimination
learning was decreased by a relatively larée proportion of
forced choices to the rewarded cue and enhanced by a
greater proportion of forced choices to the nonrewarded
cue." Mandler (1970) used a substitution technique in
which one of the discriminative stimuli was varied for
each of the groups; the nonreinforced stimulus experience
was again found to be the most crucial. Olton (1972) also
found that experience with the nonreinforced stimulus has
a greater influence on discrimination learning than ex-
perience with the reinforced stimulus,

The present study 1s intended, as a secondary pur-

pose, to assess the contribution of each stimulus to re-
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versal learning,

The Interaction of Experience with Each Stimulus

If discrimination learning is fundamentally the ac~
quisitidn of a relationship between response tendencies
associated with each stimulus, it may not be appropriate
to simply consider the independent contribution of experi-
ence with each stimulus.

Discrimination learning was defined by Kimble (1961,
pp. 362-364) as maintaining response strength to one stim-
ulus througﬁ reinforcement while reducing response strength
to another stimulus through extinction. "Looked at in op-
erational terms, one fact about disoriminétion learning is
inescapable: The procedure 1s a combination of two simpler
procedures," Spence (1937) viewed discrimination learn-
ing as the &evelopment of positive and negative generali-
zation gradients; the form of each gradient was thought to
be determined independently by experience with the relevant
stimulus,

But recent research indicates that discrimination
learning is more complex., Honig, Thomas, and Guttman
(1959) found that the "combination of generalization gra-
dients for reinforcemeﬁt and for extinction fails to ac~
count for discrimination gradients." Hanson (1959) reach-
ed a similar conclusion., Reynolds (1951) found that non-
reinforcement of the negative stimuius iﬁcreased response

strength to the positive stimulus. Lachman (1961) ob-
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served that discrimination learning was facilitated by

the visibility of the second stimulus as well as the first
at the choice point. TFox et al, (1970) reported that the
performance to one cue.may depend_upon_the contingencies
and presence of the other cue,

Discrimination, then, may well consist of more than
the simple effects of experience with the individual stim-
uli, To the extent that discrimination is basically a re-
lationship between the effects of stimulus experience,
those effects will prove interactive. The present study
will manipulate the experience with each stimulus factori-
ally during interpolated training. The interaction be-
tween the effects of interpolated experience with each
stimulus can thus be assessed,

If there is no significant interaction between the
effects of interpolated training with each stimulus, con-
sideration of independent stimulus effects will be appro~
priate, However, if a significant interaction effect e-
merges, consideration of independent stimulus contribu-
tions will be inappropriate. In the presence of a signi-
ficant interaction effect, individual stimulus contribu-
tions should be reported only where they are found signi-

ficant over and above the interaction effect.

Summarx

Current theoretical approaches relevant to the PERE

have been examined. Protection approaches predict that
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the discrimination is not subject to much modification

during interpolated extinction training. Contravention

approaches predict that the extinction training produces
multiple and counteracting effects on reversal learning.
The several protection and contravention approaches also
generate predictions unique to each, permitting assess-
ment of the approaches subsumed by each, The contribu-
tion of experience with each stimulus, and the possible
interaction of experience with each stimulus, will be e~

valuated,



19

METHOD

Subjects

Twenty-two days prior to the first day of discrimi-
nation training, 119 female albino rats of strain CFE,
weighing 170-180 gm. were supplied by Carworth, Inc.
(Rockland County, New York). In the course of the ex-
periment, four Ss were dropped'due to programming errors:
five Ss, matched with the above four Ss, were dropped to
equalize the cells; and two Ss were run through discri-
mination acquisition as spares, Data from the dropped
and spare Ss are excluded from all analyses.,

Environmental conditions. The Ss were housed in

pairs in 7x7xll-inch cages made of stainless steel mesh,
Food (Purina Lab Chow) was always avallable in the home
cages. The animal colony temperature was automatically
maintained at 72°F. 4° Relative humidity was automati-
cally maintained at 55% *10%. The air was filtered and

passed through ultra-violet radiation from germicidal
lamps. The daily illumination cycle was 12 hours each

of 1light and darkness.,

Apparatus
The apparatus included six identical shuttleboxes

construéted by Lehigh Valley Electronics, Inc. The in-
ternal dimensions of each shuttlebox were: 18" iong. 84"

wide, and 73" high. The long walls and hinged 1id were
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made of transparent plexiglass. The floor consisted of
steel rods.'é" in diameter, It tbggled on a central pi-
vot, produciné a maximum vertical excursion of 4" at each
end, S's location was registered at any given moment by
the position of the toggle floor. Beneath the floor was
an excreta pan., The shuttlebox is pictured in Figure 2,

At each end of the shuttlebox was an aluminum in-
telligence panel, 84" wide and 73" high, with a low-re=-
flectance black coating. The intélligence panel, as
visible to S at the beginning of each trial, is shown in
Figure 3. In each panel were two openings, 11" square,
spaced 43" between centers, Within each of the openings
was a "stimulus-response-reinforcement chamber" (SRRC).
Each SRRC was 23" deep. The SRRC design provi&es spatial
fusion of the présentation of stimuli, the registration
of responses, and the delivery of reinforcement. The
SRRC's appear in Figure 3 and are illustrated in cross-
section in Figure 4,

Stimuli were produced by a General Electric #304
24-volt Aircraft-Type lamp, housed behind a diffusion
panel. This panel was made of transluscent plexiglass,
14" square, located at the end of each SRRC. The bright
stimulus (S1) was produced by supplying 24 volts D.C. to
the stimulus lamp. The dim stimulus (S2) was produced by
supplying 8.5 volts b.c. to the stimulus lamp, As viewed

from the aperture in the barrier, the stimuli were sepa-



Fig. 2. Shuttlebox.
A:
lus-response-reinforcement chamber.
C: red Tight beam and photoelectric sensor.
D: reinforcement delivery aperture. E: barrier.

F: toggle floor. G: tray. Dimensions are in inches.

intelligence panel.

B: stimu-
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Fig. 3. Intelligence panel and stimulus-response-rein-
forcement chambers. A: intelligence panel. B: stimulus
diffusion panel. C: red 1ight beam and photoelectric
sensor. D: Reinforcement delivery aperture. *This di-
mension varies with the position of the toggle floor.
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A: intelligence panel.
photoelectric sensor.

magazine

23

Cross section of stimulus-response-reinforcement chamber.
C: red light beam and

D:

B: diffusion panel.
dipper. E: Tamp.
Dimensions are in inches.
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rated by an angle of 28 degrees.,

A response was defined as the completion of ap=~
proach to a stimulus, as measured by the entry of S's
head into the SRRC. A beam of deep=-red light, approxi-
mately £" in diameter, passed across the SRRC, 3" from
the front opening and g" from the bottom of the SRRC.
The interruption of this beam of light was registered as
a response,

Reinforcement (+) was provided by a dipper, con-
taining .25 cc. water, which rose to an aperture in the
bottom of the SRRC, 14" from the front opening.

Either of two types of barriers could be inserted
into  the shuttleboxes. Barrier 1, shown inserted in the
shuttlebox in Figure 2, was an aluminum panel, 8%" wide
and 74" high, with a 24" diameter opening located 2%" a=-
bove the floor. The centrally-~located aperture in Bérri-
er 1 permitted S fo pass easily from one section of the
shuttlebox to the other, while assuring that the stimulil
were observed from a central choice point. Barrier 2 di-
vided the shuttlebox into two straight alleys, with a
single SRRC at each end, A solid aluminum panel, 18"
long, was mounted perpendicular to a panel similar to
Barrier 1 except that it had two 21" apertures, one at
each side of the solid panel, Barrier 2 was used during

interpolated training to provide S with a single stimulus

on each trial,
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Each shuttlebox was housed in a shock-mounted en-
clusure, with lightproof and sound-absorbant foam-filled
walls., Continuous ventilation and masking noise were
provided by a blower system that drew air through the en-
closure, filtering the air through one~inch-thick foam
filters at both intake and exhaust ducts. One=way mirror
observation windows were covered by opaque doors when not
in use,

An independent control circuit for each shuttlebox
was located in an adjacent room, Eight~channel, paper
tape programming permitted any predetermined combination
of stimull and reinforcement contincengies. To compen-
sate for rapid heating, hence earlier onset, of the stim=-
ulus lamp when the higher S1 voltage was supplied, as op-
posed to the delayed onset when the lower S2 voltage was
supplied, a 100 ms, delay circuit was included for S1 pre=
sentations, thus providing simultaneity of stimulus onset,
The duration of most timed functions, including the dura-
tion of reinforcement, delay of stimulus termination, and
intertrial interval, were adjustable. Trial-by-trial data

were recorded on l2~channel printout counters,

Procedure

All training occurred over 61 consecutive days.
Pretraining. The Ss were handled daily for the 19

days preceding the first day of discrimination training.
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Ten days prior to discrimination training, the Ss were
placed on a 23-hour daily water deprivation schedule.
Each S received free access to water for one hour in the
home cage, approximately one hour after each training
session, Deprivation time for each S was 22 hours 20
minutes.

Three days before discrimination training, the Ss
were haﬁituated to the apparatus in pairs (cagemates) for
ten minutes with barrier 1 in place., On tﬁe followiﬁg
day, the Ss received five dipper training -shaping trials
with no barrier present; Sl+ was provided in both SRRC's,
and the reinforcement duration was set at 15 seconds. On
the following day, another five pretraining trials were
provided, but barrier 1 was inserted and the reinforce-
ment duration was set at 10 seconds. The intertrial in-
terval for all trials, including pretréining trials, was
set at 10 seconds,

Discrimination acquisition. A discrimination trial
was defined by the following sequence: (1) the simultane-
ous onset of the programmed stimuli in the section of the
shuttlebox opposite to S's location at the moment of on-
set; (2) the movement of S through the choice point aper-
ture; (3) the response to one stimulus by entry into an
SRRC; (4) the delivery of reinforcement for 7 seconds if
the stimulus programmed for reinforcement was chosen, or

no delivery of reinforcement if the other stimulus was
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chosen; (5) the termination of the stimuli 0.5 second

af ter eifhér the end of the reinforcement interval or the
choice of the nonreinforced stimulus; and (6) the 10 se-
cond intertrial interval, All training employed a non-
correction procedure; trials were terminated after any
response, whether or not the reinforced stimulus was cho-
sen,

Discrimination acquisition training consisted of
20 trials per day to S1+S2- with barrier 1 in place. The
sequence in which each stimulus appeared in the left or
in the right SRRC was determined by Gellerman's (1933)
sequences 14, 17, 24, 28, and 29. The sequences were ro-
tated daily, so that no S could encounter the same pattern
less than five days apart. All Ss received discrimination
training until the .80 criterion (16 correct choices out
of the daily 20 trials) was met.

True counterbalancing of the reinforcement contin-
gencies of each stimulus is not possible in brightness
discrimination reversal studies using rats. Had half the
Ss received discrimination training to S1-52+, they would
have run in accordance with their strong, reliable, nega-
tive phototropism. They would have approached or met the
discrimination criterion from the outset, having learned
little if anything about the discrimination task. For
those Ss, reversal learning would then have been, in ef-

fect, acquisition of the initial discrimination rather
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than reversal learning. Such behavior could hardly be
interpreted in terms of reversal learning. Consequently,
this study follows the usual practice of running all Ss
against their pre~existing stimulus preferences,

Assignment to groups. Upon meeting the criterion

for discrimination acquisition, each S was assigned to one
of nine groups. Since a +0.80 correlation between acqui-
sition and reversal facility was found in previous studies
using the same apparatus, Ss were matched primarily for
the number of days required to meet the discrimination ac-
quisition criterion, Within this constraint, Ss were also
matched for the total number of correct choices, which is
equivalent to the number of reinforcements, in discrimina-
tion acquisition. Cagemates were never assigned to the
same group.

Interpolated training. Each S began training under

one of fhe nine experimental conditions the day after
meeting the discrimination acquisition criterion., Inter-
polated training lasted for five days. On each of those
days, the same training was provided for each S within
each of the nine groups, although the specific presenta-
tion sequence was varied each day. Each stimulus was
either present for ten trials or absent; if present, the
stimulus was either reinforced or nonreinforced for all

ten trials., If both stimull were presented, the ten trials

of each were interspersed with those of the other stimulus,
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For example, the S1+Sl- group received ten reinforced
trials to the bright stimulus interspersed with ten non-
reinforced trials to the dim stimulus daily, Group Sl-
received ten nonreinforced trials to the bright stimulus
daily. Group NT was scheduled for no training between
discrimination écquisition and reversal, and these Ss be-
gan reversal learning the day after meeting the discrimi-
naﬁion acquisition criterion. The experimental design is
summarized in Table 1. Barrier 2 was used during inter-
polated training so that a single SRRC was located di-
rectly in front of the barrier aperture on each trial,
Thus, interpolated training would not contribute te any
stimulus position preferences that might become evident
during reversal learning.

Reversal training. Upon completion of the five

days of interpolated training, each S began reversal
training to S1=-52+, All other conditions were the same
as in discrimination training.

The reversal learning criterion, as in discrimina-
tion acquisition, was .80 correct choices, but the Ss were
run until they met a complex termination criterion. The
termination criterion included all of the following re-
quirements: (1) S met the reversal learning criterion,

(2) s complete& at least 20 days of reversal training (to
prévide reversal curve data). And (3) S completed at least

10 days of training after meeting the reversal criterion,
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Table 1

Experimental Design

Bright Stimulus

Reinforced Absent Nonreinforced
1
g0
§ 2 S1+82+ S2+ Sl-82+
- &
=}
—
3
E 2
NE) [
0 2 S1l+ NT Sl-
= 2
e
(=]
1
& g
30
ég S1+S82~ S2~ sl-s2-
gm

The nine possible combinations of stimulus experience
and reinforcement contingency are represented. Each
stimulus present may be reinforced (+) or nonrein-
forced (-) for ten trials per day for each of the five
days of training interpolated between discrimination
acquisition and reversal. Since both interpolated
stimuli were absent for group NT, reversal learning was
begun the day after meeting the discrimination acquisi-
tion criterion.
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Analyses

Since some Ss began interpolated training before
all Ss had completed discrimination training, the equi-
valence of the nine groups could not be assured in advance,
Because of this, and because of the known correlation be-
tween discrimination and reversal facility, it is particu-
larly important to assess the initial discrimination per-
formance of the groups for possible differences among
them,

Multiple comparisons, The Tukey B procedure was

selected for multiple comparison analyses, since, accord-
ing to Petrinovich and Hardyck (1969), it has an experi-
mentwise error rate similar to the Scheffé procedure and
is slightly less insensitive to real differences.,
Petrinovich and Hardyck concur with Scheffé's {1953,1959)
reconmendation to employ Tukey's method when making paired
comparisons among groups of equal size,

Reversal phases. The delineation of sequential seg-

ments of the reversal learning process is mandated by the
prediction of differences within the course of reversal
learning that might not be reflected in overall reversal
performance differences., The first three phases are oper-
ations developed to corresbond to Sperling's (1970) three-
phase view of reversal learning. The pre~position-respond-
ing phase 1s defined as the number.of days in reversal

learning prior to making .80 responses to either the left
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or the right stimulus position. The position-responding
phase is defined as the number of reversal days spent by
each S making .80 responses to either the left or the
right stimulus position. The post-position responding
phase is defined as the number of reversal days from the
last position responding day to the day on which the S
meets the reversal learning criterion. A perseveration
phase is defined as the number of reversal days in which
the S continues to respond at criterion level to the dis=-
crimination acquisition task; that is, the number of re-
versal days spent making .80 responses to Sl-, A post-
reversal criterion phase is defined as the ten days after

S meets the reversal criterion.
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RESULTS

Pre=treatment Equivalence of the Groups

The mean number of days for each group to meet the
discrimination acquisition criterion and the correspond-
ing standard deviation appear in Table 2. An analysis of
variance, summarized in Table 3, indicated no significant
differences among the nine groups in discrimination ac-
quisition facility, F (2,99)<1, p>.05).

To determine whether there were differences among
the groﬁps in their preferences for each stimulus at the
beginning of discrimination learning, the initial two re-
sponses by each S on the first day of discrimination
training weré examined. The groups were not found to
differ significantly in their initial preferences for the
stimuli, X%(16) = 5.16, p > .05.

The first two trials on the first day of discrimi-
nation training were also examined for possible differ-
ences among the groups in their preferences for left or
right stimulus position. Table 4 shows the mean initial
position preferences for each group., The groups were not

found to differ significantly in their initial position

preferences, )(2(16) = 6,72, p> .05,
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TABLE 2

Mean Days to Meet
the Discrimination Learning Criterion

and the Corresponding Standard Deviations

Group Mean Days Standard Deviation
S1+S2+ 2.58 1.04
S2+ 2.50 0.96
S1l-s2+ 2.58 1.12
Sl+ 2.50 0.96
NT 2.67 1.03
s1- 2.50 1.12
S1+s2- 2.62 0.95
s2~ 2.75 1.23
s1-s2- 2.50 0.96
X 2.57 1.04

Each S received 20 trials per day.
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TABLE 3

Analysis of Variance for the Mean Number of Days
for Each Group to Meet the Discrimination Criterion

Source of Sums of df Mean F
Variation Squares - —= . | - Square - :
sl 0.240 2 0.120 <1
S2 0.074 2 0.037 <1
S1xS2 0.426 4 0.107 <1
Within 119.667 99 1.209
Total 120.407 107
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TABLE 4
Initial Position Preferences
Group Mean Preference
S1+S82+ 1.33
S2+ 0.58
S1-S2+ 0.75
S1+ 1.00
NT 0.83
Sl~ 0.75
S1+S82~ 0.83
S2~ 0.67
§1-82~ 1.00
X 0.86

Initial position prefer
based on the first two
training. Scaling: bot
choice to each stimulus
left = 0.

ence was determined for each S
responses in discrimination
h choices to left = 2, one
position = 1, both choices to

e e e ——
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Overall Reversal Performance

The mean number of days for each group to meet the
criterion for reversal learning and the corresponding
standard deviation appear in Table 5. An analysis of
variance for the mean number of days for each group to
meet the reversal learning criterion is summarized in
Table 6. A significant interaction between the effects
of interpolated training with each stimulus was found,

F (4,99) = 13.96, p< .05. Since the anal}sis of variance
was based on the fixed-effects model, significant inter-
action effects, strictly speaking, preclude statements
about the main effects. A common practice, however, is
to compute F for main effects using the interaction mean
square as tﬁe error term, This comparison yielded a sig-
nificant main effect for S1 manipulation, F (2,4) = 6.29,
P < .05, But the main effect for S2 manipulation did not
remain significant, F (2,4) = 2,19, p > .05,

The effects of experience with each interpolated
stimulus were additionally assessed by single-classifi=-
cation analyses of variance. In each of these analyses,
the level (reinforced, nonreinforced, or absent) of one
stimulus was systematically varied while the level of the
other stimulus was held constant, The analysis of vari-
ance for the mean number of days to meet the reversal
criterion when interpolated experience with S2+ is held

constant and the level of Sl varies is summarized in
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TABLE 5

Mean Days to Meet the Reversal Criterion
and the Standard Deviation for Each Condition

Bright Stimulus

Reinforced Absent Nonreinforced
o S1+S2+ S2+ S1-S2+
=
Eg 11.25 11.33 4.08
W (1.53) (2,29) (1.38)
B
3 S1+ NT S1-
E 34
- § 11,25 8.67 8.50
‘;’ 2 (1.72) (2.09) (1.55)
.S |
b S1+S2- S2- S1-S2-
gg 15.50 11.75 8.75
2 (2.25) (1.,42) (1.30)

For each interpolated condition, the condition is speci-
fied, the group mean number of days to meet the reversal
criterion is given, and, in parentheses, the group stan-
dard deviation is presented.
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TABLE 6

Analysis of Variance for the Mean

Days to Discrimination Reversal Criterion

Source of Sums of af Mean F
Variation Squares Square
Sl 567.130 2 283.565 87.927 *
s2 196.908 2 98.454 30.528 *
S1xS2 180.148 4 45.037 13.965 *
Within 319.250 99 3.225
Total 1263.436 107

* p<L.05
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Table 7. There were significant differences among the
three groubs. F (2,33) = 54.51, p< .05. The means for
these three groups an& the results of mulfiple compari-
sons among the means, using the Tukey B procedure recom-
mended by Petrinovich and Hardyck (1969) are presented
in Table 8. . . -

An analysis of variance for the mean number of
days to meet the reversal criterion when interpolated
experience with S2 is absent and the level of interpo-
lated experience with S1 varies is summarized in Table 9,
The means differed significantly, F (2,33) = 10,71, p
< .05. The three means and multiple comparisons among
the means appear in Table 10,

An analysis of variance for the mean number of
days to meet the reversal criterion when interpolated
experience with S2- is held constant and the level of
interpolated experience with S1 varies is summarized
in Table 11. The means differed significantly, F (2,33)
= 42,93, p< .05, The three means are presented in
Table 12, along with multiple comparisons among them,

An analysis of variance for the mean number of
days to meet the reversal criterion when interpolated
experience with Sl+ is held constant and the level of
interpolated S2 eiperience varies is summarized in

Table 13, Significant differences among the means were

indicated. F (2,33) = 24.97, p< .05. The three means



b1

TABLE 7

Analysis of Variance for the Mean Number
of Days to Meet the Reversal Criterion
when Interpolated Experience with S2+ is

Held Constant and the level of S1 varies

Source of Sums of af Mean F
Variation Squares Square

S1 level 415.72 2 207.86 54.51 *
Within 125.84 33 3.81

Total 541.56 35

* p<.05
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TABLE 8

Comparisons among the Means for Each Group
for the Number of Days to Meet the Reversal
Criterion when Interpolated Experience with

S2+ is Held Constant and the level of Sl varies

Group S1-S2+ S1+S2+ S2+

Mean 4.08 11.25 11.33

Means not commonly underlined differ significantly
(p<.05), based on the Tukey B procedure (WSD=1.97,
df=33).




TABLE 9

Analysis of Variance for the Mean Number

of Days to Meet the Reversal Criterion

when Interpolated Experience with S2

is Absent and the Level of S1 Varies

Source of

Sums of

Mean

Variation Squares df Square F

S1 level 57.06 2 28.53 10.71 *
Within 87.92 33 2.66

Total 144.97 35

* p<.05
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TABLE 10

Comparisons among the Means of Each Group
for the Number of Days to Meet the Reversal
.Criterion when Interpolated Experience with

S2 is Absent and the ILevel of S1 Varies.

Group Sl- NT Sl+

Mean 8.50 8.67 11.25

Means not commonly underlined differ significantly
(p € .05), based on the Tukey B procedure (WSD=l.64,
df=33).



TABLE 11

Analysis of Variance for the Mean Number

of Days to Meet the Reversal Criterion

when Interpolated Experience with S$2- is

Held Constant and the Level of Sl varies

Source of Sums of af Mean F
Variation Squares Square

S1 level 274.50 2 137.25 42.93 *
Within 105.50 33 3.20

Total 380.00 35

* p<.05
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TABLE 12

Comparisons among the Means for Each Group
for the Number of Days to Meet the Reversal
Criterion when Interpolated Experience with

S2- is Held Constant and the Level of Sl varies

Group S1-s2- s2- S14s2-

Mean 8.75 11.75 15.50

All means differed significantly (p< .05), based on
the Tukey B procedure (WSD=1.80, df=33).
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TABLE 13

Analysis of Variance for the Mean Numbexr

of Days to Meet the Reversal Criterion

when Interpolated Experience with Sl+ is

Held Constant and the Level of S2 varies

Source of Sums of af Mean F
Variation Squares Square

S2 level 144.50 2 72.25 24.97 *
Within 95.50 33 2.89

Total 240.00 35

* p<.05
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and multiple comparisons among them are shown in Table 14,

An analysis of variance for the mean number of days
to meet the reversal learning criterion when interpolated
experience with S1 is absent and the level of interpolated
experience with S2 varies is summarized in Table 15. The
means differed significantly, F (2,33) = 7.94%, p< .05,

The three means and multiple compariséns among them are
presented in Table 16,

An analysis of variance for the mean number of days
to meet the reversal criterion when interpolated experi-
ence with S1- is held constant and the level of interpo-
lated experience with S2 varies is summarized in Table 17.
The means differed significantly, F (2,33) = 32.42, p<.05
The three means and multiple comparisons among them appear
in Table 18.

Reviewing the single-classification analyses, sig-
nificant differences among the groups were observed in all
analyses., In five of the six multiple comparisons among
means, one of the three means differed significantly from
the other two, which did not differ significantly from
each other, In the sixth multiple comparison, interpo-
lated experience with S2- was held constant and the level
of interpolated experience with S1 varied., All three means
differed significantly from each other. Reversal learning
was most rapid where S1 was nonreinforced and least rapid

where S1 was reinforced.



TABLE 14

Comparisons among the Means for Each Group
for the Number of Days to Meet the Reversal
Criterion when Interpolated Experience with

S1l+ is Held Constant and the Level of 82 varies

Group S1+82+ Sl+ S1l+S2-

Mean 11.25 11.25 15.50

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=1.71,
daf£=33).

S
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TABLE 15

Analysis of Variance for the Mean Number
of Days to Meet the Reversal Criterion
when Interpolated Experience with Sl

is Absent and the Level of S2 varies

Source of Sums of Mean F
Variation Squares af Square

S2 level 67.17 2 33.58 7.94 *
Within 139.58 - 33 4.23

Total 206.75 35

* p<.05
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TABLE 16

Comparisons among the Means of Each Group
for the Number of Days to Meet the Reversal
Criterion when Interpolated Experience with

S1 is Absent and the ILevel of S2 varies

Group NT 52+ S52-
Mean 8.67 11.33 11.75

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=2.07,
df=33).
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TABLE 17

Analysis of Variance for the Mean Number
of Days to Meet the Reversal Criterion
when Interpolated Experience with S1- is

Held Constant and the Level of S2 varies

Source of Sums of af Mean F
Variation Squares Squares

S2 level 165.39 2 82.69 32.42 *
Within 84.17 33 2.55

Total 249.56 35

* p< .05
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TABLE 18

Comparisons among the Means for Each Group
for the Number of Days to Meet the Reversal
Criterion when Interpolated Experience with

Sl- is Held Constant and the Level of S2 varies

Group S1l-S2+ S1- S1-S2-

Mean 4.08 8.50 8.75

Means not commonly underlined differ significantly
(p<.05), based on the Tukey B procedure (WSD=1.61,
df£=33).
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Clustering of Overall Reversal Effects

Multiple comparisons among the mean number of days
to meet the reversal criterion for each of the nine groups
using the Tukey B procedure are presented in Table 19,
Four distinct clﬁsters were found. Within each cluster,
no group differed significantly from any other group in
overall reversal performance. All comparisons between
groups in different clusters indicated significantly dif-
ferent mean numbers of days to meet the reversal criteri-
on,

The clustering of the S1-, NT, and S1-S2- groups
received further support from the virtually overlapping
reversal curves shown in Figure 5. Similarly, the clus-
tering of the S1+S2+, S2+, Sl1l+4, and S2- groups received
further support from the close correspondence of the re-
versal curves shown in Figure 6. The four clusters form-
ed on the basis of overall reversal performance are pre-
sented in Table 20, Reversal ocurves for the four dis-
tinct reversal performance patterns are shown in Fig-
ure 7. The average reversal curve for each cluster is
plotted in Figure 7 because of the statistical differ-
ence pattern and the difficulty of seperating virtually

identical curves.

Effects of the Forcingﬁrrocedure

Since, dﬁring interpolated training, Ss had no
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TABLE 19
Comparisons Among the Means for Each Group

of the Number of Days to Meet the Reversal Criterion

Sl-s2+ Sl- NT S1-S2- S1+S2+ Sl+ s2+ s2- S1+S2-

4.08 8.50 8.67 8.75 11.25 11i.25 11.33 11.75 15.50

Means not commonly underlined differ significantly (p <.05)
based on the Tukey B procedure.



MEAN DAILY CORRECT RESPONSES

Fig. 5.

el i

—— — S§1-82-

Mean of daily NT,
S1l-, and S1-S2- scores

10 12 14 16 18
REVERSAL DAYS

Daily reversal performance for interpolated conditions NT, Sl1-, and S1-S2- and the daily mean
of the three interpolated conditioms.

LI TT™TmTT™

9¢



Fig.

20

18
16

014

[7¢]

Z

(@]

&

g 12

[

Q

210

Q

[}

2 8

-

<

[=]

5 6
4
2

2

4

coeomemeenme S14+S2+

—————— 52+

——— 51+

——— G2

6 8 10 12
REVERSAL DAYS

14

Mean of daily scores
for S1+S2+, S2+, S1+,

and S2- conditions

16

18

20

6. Daily reversal performance for interpolated conditioms S1+52+, S2+, S1l+, and S2- and the daily

mean of the four interpolated conditioms,

'29



58

TABLE 20

Clustering of Groups Based on the Mean

Number of Days to Meet the Reversal Criterion

Reversal Reversal Reversal Reversal Pro-
Facilitated Not Different Protracted tracted beyond
Than NT All Other Gps.
S1-82+ NT S1+S2+ S1+82-
S1-82- S1+
S1- S2+

S22~

Groups in separate columns differed significantly (p <.05)
Groups within each column did not differ significantly.
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choice of stimuli, the question of forcing effects arises,
Possible forcing effects may be assessed by comparing the
groups reciving forced reversal training and free rever-
sal training. For this comparison, the interpolated
forced reversal training of the S1-S2+ group must be re-
garded, not as prereversal training, but as part of re-
versal learning. The S1-S2+ group met the reversal cri-
terion in a mean of 9.08 days., The NT group did so in a
mean of 8,67 days. The difference is not significant;

the difference between the means of O.41 days does not

approach the Tukey WSD of 2,33 days.

Effects of Interpolated Training with One or Both Stimuli

To eialuate the possible effect of the presence of
one as opposed to two stimuli during interpolated training,
the reversal performance of groups receiving interpolated
training with a single stimulus was compared to that of
groups receiving interpolated training with both stimuli,
Group NT, which received no interpolated training, was ex-
cluded from this comparison. The mean number of days to
meet the reversal criterion for the Sl+, Sl-, S2+, and
S2- groups combined was 10.71. The combined mean for the
S1+52+, S1+52-~, S1-S2+, and S1~S2~ groups was 9,90, The
difference between the combined means was not found sig-

nificant, ¢t (6) = 0,325, p > .05,



e s g Dbt LAY AR T T AT AT bt s

61

Analyses of Reversal Phases

To determine the locus of observed effects within
the course of reversal learning, each phase was separate-
ly examined,

Pre~position responding phase, The mean number of

days in reversal learning required to méet the position
responding criterion is presented for each group in Table
21, An analysis of variance for these means is summarized
in Table 22, A significant interaction effect was found,
F (4,99) = 15.73, p<.05. As in the analysis of overall
reversal performance, the main effects were assessed by
using the interaction mean square as the error term,
Using this procedure, the effects of interpolated S1 ex-
perience were not found significant, F (2,4) = 2.28, p »
«05; nelther were the effects of interpolated S2 experi-
ence, F (2,4) 1, p> .05,

The effects of each interpolated stimulus were
further evaluated by single~classification analyses, In
each of these analyses, the level of interpolated experi-
ence with one stimulus is held constant while the other is
systematically varied.

An analysis of variance for the mean number of days
to meet the position responding criterion when interpola-
ted experience with S2+ is held constant and the level of
interpolated experience Sl is varied is summarized in

Table 23. The differences were found significant,



Dim Stimulus

Absent Rein-

Non-
Reinforced

62

TABLE 21
Mean Pre-Position-Responding

Days in Reversal Learning

" Bright Stimulus

forced

Reinforced Absent Nonreinforced
S1+82+ : S2+ S1l-S2+
2.08 2.17 0.92
Sl+ ' NT sl-
2.75 2.67 1.25
S1+S2- S2~ S1-S2+
7.42 1.92 1.00
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TABLE 22

.Analysis..of Variance of the Mean

Pre-Position-Responding Days in Reversal Learning

Source of Sums of as Mean

Variation Squares Square F
Sl 167.463 2 83.732 35.049*
S2 56.519 2 28,260 11.829*%
S1xS2 150.370 4 37.593 15.735%*
Within 236.500 99 2.389
Total 610.853 107

* p<.05



6k

TABLE 23

Analysis of Variance for the Mean Number

of Days to Meet the Position-responding

Criterion when Interpolated Experience

with S2+ is Held Constant and the Level

of S1 varies

Source of Sums of as Mean F
Variation Squares Square

S1 level 11.72 2 5.86 4.90 *
Within 39.50 33 1.20

Total 51.22 35

* p< .05
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F (2,33) = 4,90, p<¢ .05, The means are presented in
Taﬁle 2& along with multipie comparisons among them,

An analysis of variance for the mean number of days
to meet the position responding criterion when interpola-
ted experience with S2 is absent and the level of interpo-
lated experience with S1 varies is summarized in Table 25.
The differences were found significant, F (2,33) = 7.57,
P< «05. The three means and multiple comparisons among
them are bresented in Table 26.

An analysis of variance for the mean number of days
to meet the position responding criterion when interpola-
ted experience with S2- is held constant and the level of
interpolated experience with S1 varles is summarized in
Table 27, The differences were found significant, F
(2,33) = 29.84, p< .05. The three means and multiple
comparisons among them are shown in Table 28,

An analysis of variance for the mean number of days
to meet the position responding criterion when interpola-~
ted experience with S1l+ is held constant and the level of
interpolated experience with S2 varies is summarized in
Table 29, The differences were found significant, F
(2,33) = 21,99, p< .05, The three means and multiple
éompafisons among them are.given in Table 30,

An analysis of variance for the mean number of days
to meet the position responding criterion when interpola-

ted experience with S1 is absent and the level of inter=~
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TABLE 24

Comparisons among the Means for Each Group
for the Number of Days to Meet the Position-
responding Criterion when Interpolated
Experience with S2+ is Held Constant and

the Level of Sl varies

Group s2+ 51482+ 51-s2+

Mean 2.17 2.08 0.92

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=1.10
df=33).
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TABLE 25

Analysis of Variance for the Mean Number
of Days to Meet the Position-responding
Criterion when Interpolated Experience

with S2 is Absent and the Level of Sl varies

Source of Sums of af Mean
Variation Squares Square

S1 level 17.06 2 8.53 7.57 *
Within 37.17 33 1.13

Total 54,22 35

* p<.05
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TABLE 26

Comparisons among the Means for Each Group
for the Number of Days to Meet the Position-
responding Criterion when Interpolated
Experience with S2 is 'Absent and the Level

of S1 varies

Group S1l+ NT s1-

Mean 2.75 2.67 1.25

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=1.07
df=33).



69

TABLE 27

Analysis of Variance for the Mean Number

of Days to Meet the Position-responding

Criterion when Interpolated Experience

with S2- is Held Constant and the Level

of S1 varies

Source of Sums of Mean

Variation Squares df Square

S1 level 289.06 2 144,53 29.84 *
Within 159.83 33 4.84

Total 448.89 35

* p<.05
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TABLE 28

Comparisons among the Means for Each Group
for the Number of Days to Meet the Position-
responding Criterion when Interpolated
Experience with S2- is Held Constant and

the Level of S1 varies

Group S1+S2- S2- Sl-s2-

Mean 7.42 1.92 1.00

Means not commonly underlined differ significantly

(p< .05), based on the Tukey B procedure (WSD=2,21
df=33).

e AT P ——
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TABLE 29

Analysis of Variance for the Mean Number

of Days to Meet the Position-responding

Criterion when Interpolated Experience

with S1+ is Held Constant and the Level

of 82 wvaries

Source of Sums of af Mean F
Variation Squares Square

52 level 202.67 2 101.33 21.99 *
Within 152.08 33 4.61

Total 354.75 35

* p <.05
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TABLE 30

Comparisons among the Means of Each Group
for the Number of Days to Meet the Position-
responding Criterion when Interpolated
Experience with S1+ is Held Constant and

the Level of S2 varies

Group S1+52- S1+ S1+S2+

Mean 7.42 2.75 2.08

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=2.16
df=33).
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polated experience with S2 varies is summarired in Table
31. The differences were not found significant, F (2,33)
= 0,97, p>.05. The means for the three groups and mul-
tiple comparisonsfamong them are shown in Table 32,

An analysis of variance for the meaﬁ number of days
to meet the position responding criterion when interpola-
ted experience with S1l- is held constant and the level of
interpolated experience with S2 varies is summarized in
Table 33. The differences were not found significant, F
(2,33) <1, p>.05. The three means are presented in
Table 34,

Multiple comparisons among the nine means for pre-
position responding days, using the Tukey B procedure,
appear in Table 35. The significant pre-position re-
sponding effects reported in Table 22 are attributed to
the greater number of days spent in this phase by the
S1+52~ group than was spent by the other eight groups,
which did not differ significantly from each other.,

Position responding phase. The mean number of days

spent by each group responding at the position responding
criterion of .80 choices to the preferred stimulus posi-
tion is presented in Table 36, The combined mean for the
nine groups was 5.39 days. An analysis of variance of
these means is summarized in Table 37. A significant in-
teraction effect was detected, F (4,99) = 3.68, p <.05,

Assessing the main effects by uSing thé interaction mean
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TABLE 31

Analysis of Variance for the Mean Number
of Days to Meet the Position-responding
Criterion when Interpolated Experience

with S1 is Absent and the Level of S2 varies

Source of Sums of af Mean F
Variation Squares Square

S2 level 3.50 2 1.75 0.97
Within 59.25 33 1.80

Total 62.75 35
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TABLE 32

The Means of Each Group for the Number
of Days to Meet the Position-responding
Criterion when Interpolated Experience

with S1 is Absent and the Level of S2 varies

Group NT S2+ S2-

Mean 2.67 2.17 1.92

No means differed significantly (p>» 05), based on
the Tukey B procedure.
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TABLE 33

Analysis of Variance for the Mean Number
of Days to Meet the Position-responding
Criterion when Interpolated Experience
with S1- is Held Constant and the Level

of S2 varies

Source of Sums of af Mean F
Variation Squares Square

S2 level 0.72 2 0.36 0.47
Within 25.17 33 0.76

Total 25.89 35
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TABLE 34

The Means of Each Group for the Number
of Days to Meet the Position-responding
Criterion when Interpolated Experience
with Sl- is Held Constant and the Level

of 82 wvaries

Group S1- 51-52- S1-S2+

Mean 1.25 1.00 0.92

No means differed significantly (p > .05), based on
the Tukey B procedure.
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TABLE 35

Mean Number of Days to Meet the Position

Responding Criterion and Multiple Compari-
sons among the Means

51-82+ S1-S2- 51- S2~ S1+52+ 52+ NT S1+

0.92 1.00 1.25 1.92 2,08 2,17 2.67 2.75

51+S2-~

7.42

Means commonly underlined do not differ significantly, while
means not commonly underlined differ significantly (p< .05),

based on the Tukey B procedure.



Dim Stimulus

Rein-

Absent

Non-
Reinforced

forced
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TABLE 36

Mean Position-Responding Days

" Bright Stimulus

Reinforced Absent Nonreinforced
S1l+s82- S2+ §1-52+
6.92 6.50 1.75
Sl+ NT Sl-~
6.25 4,42 4,50
S1+S2- S2- sl1-S2-

' 6.00 6.75 5.75
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TABLE 37

Analysis of Variance of the Mean

Position-Responding Days in Reversal Learning

Source of Sums of af Mean

Variation Squares Square F
Sl 126.000 2 63.000 8.574 *
s2 24.000 2 12.000 1.633 *
S1xS2 108.167 4 27.042 3.680 *
Within 727.500 99 7.348
Total 985,667 107

* p<.05
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square as the error term, the S1 effect was not found
significant, F (2,4) = 2.33, p>.05; neither was the S2
effect, F (2,4) <1, p > .05,

Tﬁe-conéribution of interpolated experience with
each stimulus to effects in the position responding phase
of reversal learning was evaluated by single-classifica-
tion analyses of variance.

An analysis of variance for the mean number of days
spent by each group during reversal learning at the posi-
tion responding criterion when interpolated experience
with S2+4 is held constant and the level of interpolated
experience with S2 varies is summarized in Table 38., The
differences were found significant, F (2,33) = 13.25,

P< «05. The three means and multiple comparisons among
them are shown in Table 39,

An analysis of variance for the mean number of po-
sition responding days when interpolated experience with
S2 is absent and the level of interpolated experience
with S1 varies is summarized in Table 40, The differences
were not found significant, F (2,33) = 2.75, p> .05. The
means are presented in Table 41.

An analysis of variance for the mean number of po=-
sition responding days when interpolated experience with
S2- is held constant and the level of interpolated experi-
ence with S1 varies is summarized in Table 42, The dif-

ferences were not found significant, F (2,33) 41; P> .05,
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TABLE 38

Analysis of Variance for the Mean Number

‘of Position-responding Days when Interpolated

Experience with S2+ is Held Constant and

the Level of 81 varies

Source of

Sums of

Mean

Variation Squares af Square F

S1 level 197.72 2 98.86 13.25 *
Within 246.17 33 7.46

Total 443.89 35

* p<.05
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TABLE 39

Comparisons among the Means for Each Group
for the Number of Days to Meet the Position-
responding Criterion when Interpolated
Experience with 'S2+ .is Held Constant and

the Level of S1 varies

Group S1+82+ S2+ S1-82+

Mean 6.92 6.50 1.75

Means not commonly underlined differ significantly
(p<.05), based on the Tukey B procedure (WSD=2.75
df=33).



84

TABLE 40

Analysis of Variance for the Mean Number
of Position-responding Days when Interpolated
Experience with S2 is Absent and the Level

of 81 varies

Source of Sums of ar Mean
Variation Squares Square F
Sl level 25.72 2 12.86 2.75
Within 154.17 33 4.67

Total 179.89 35
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TABLE 41

Comparisons among the Means for Each Group
for the Number of Position-responding Days
when Interpolated Experience with S2 is

Absent and the Level of S1 varies

Group 51+ S1- NT

Mean 6.25 4.50 4.42

No means differed significantly (p> .05, based on
the Tukey B procedure (WSD=2.17, df=33).
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TABLE 42

Analysis of Variance for the Mean Number
of Position-responding Days when Interpolated
Experience with S2- is Held Constant and

the Level of S1 varies

Source of Sums of Mean
. . af
Variation Squares Square
Sl level 10.72 2 5.36 0.54
Within 327.17 33 9.91

Total 337.89 35
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The three means appear in Table 43.

An analysis of varliance for the mean number of po-
sition responding days when interpolated experience with
S1+ is held constant and the level of interpolated experi-
ence with S2 varies is summarized in Table 44, The dif-
ferences were not found significant, F (2,33) <1, p>.05,
The means appear in Table 45, - '

An analysis of variance for the mean number of po-
sition responding days when interpolated experience with
S1 is absent and the level of interpolated experience
with S2 varies is summarized in Table 46, The differences
were not found significant, F (2,33)<1, p> .05, The
three means appear in Table 47,

An analysis of variance for the mean number of po=-
sition responding days when interpolated experience with
S1- is held constant and the level of interpolated experi-
ence with S2 varies is summarized in Table 48, The dif~
ferences were found significant, F (2,33) = 11,61, p< .05,
The three means and multiple comparisons among them are
provided in Table 49,

Multiple comparisons among the mean position re-~
sponding days for each of the nine groups are presented
in Table 50, based on the Tukey B procedure, The signi-
ficant position responding effects reported in Table 37
are attributed to the fewer position responding days re-

quired by the S1-S2+ group than by the remaining eight
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TABLE 43

Comparisons among the Means for Each Group
for the Number of Position-~responding Days
when Interpolated Experience with 82~ is

Held Constant and the Level of S1 varies

Group S2- S1l+S2- 51-82-

Mean 6.75 6.00 5.75

No means differed significantly (p> .05), based on
the Tukey B procedure.
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TABLE 44

Analysis of Variance for the Mean Number

of Position-responding Days when Interpolated

Experience with S1+ is Held Constant and

the Level of S2 varies

Source of Sums of af Mean F
Variation Squares Square

S2 level 5.39 2 2.69 0.22
Within 405.17 33 12.28

Total 410.56 35




90

TABLE 45

Comparisons among the Means for Each Group
for the Number of Position-responding Days
when Interpolated Experience with Sl+ is

Held Constant and the Level of S2 varies

Group S1+S2+ Sl+ S1+S82-

Mean . 6.92 6.25 6.00

No means differed significantly (p ».05), based
on the Tukey B procedure.
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TABLE 46

Analysis of Variance for the Mean Number
of Position-responding Days when Interpolated
Experience with S1 is Absent and the Level

of 82 varies

Source of Sums of af Mean F
Variation Squares Square

S2 level 39.39 2 19.69 3.28
Within 198.17 33 6.01

Total 237.56 35
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TABLE 47

Comparisons among the Means for Each Group
for the Number of Position-responding Days
when Interpolated Experience with S1 is

Absent and the Level of S2 varies

Group S2- S2+ NT

Mean . 6.75 | 6.50 4.42

No means differed significantly (p > .05), based on
the Tukey B procedure (WSD=2.47, df=33),
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TABLE 48

Analysis of Variance for the Mean Number
of Position-responding Days when Interpolated
Experience with S1- is Held Constant and

the Level of S2 varies

Source of Sums of af Mean F
Variation Squares Square

82 level 87.39 2 43.69 11l.61 *
Within 124.17 33 3.76

Total 211.56 35

* p<.05



9%

TABLE 49

Comparisons among the Means for Each Group
for the Number of Position-responding Days
when Interpolated Experience with Sl1- is

Held Constant and the Level of S2 varies

Group S1-S2- S1l- S1-52+

Mean 5.75 4.50 1.75

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=1.95
df=33).
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TABLE 50

Mean Number of Days of Responding at the
Position Responding Criterion and Multi-
Ple Comparisons among the Means

51-S2+ NT 81- S1~S82- S1+S52~ S1+ S2+ 52-  S1+S2+

1.75 4,42 4,50 5.75 6,00 6,25 6.50 6,75 6.92

Means commonly underlined do not differ significantly, while
mean not commonly underlined differ significantly (p < .05),
based on the Tukey B procedure.
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groups, which did not differ from each other in the amount

of position responding.

Post-position responding phase. The mean number of

days required by each group to progress from responding at
the position responding criterion to meeting the reversal
learning criterion is shown in Table 51, The mean post-
position responding days for the nine groups combined was
2.24, The analysis of variance summarized in Table 52
indicate& no significant differences among the éroups.

all F's<1, p> .05,

Post-reversal criterion phase. To evaluate the

possibility of differences among the groups in post-cri-
terion stability of reversal performance or in asymptotic
level of reversal performance, the number of incorrect
choices per day was averaged over the ten days of post-
criterial reversal training for each S, The mean for
each group is given in Table 53. The mean for the nine
groups combined was 2.04 errors per day, corresponding to
a reversal performance level of approximately 90 percent
correct choices. The mean for all groups on the tenth
day of post-criterial training was 1l.47 errors per day,
corresponding to a 92,7 percent correct performance level,
Once meeting the reversal criterion, every group performed
at least at that level on all subsequent days of reversal
training. An analysis of variance of the mean post-cri-

terial errors, summarized in Table 54, indicated no sig-
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TABLE 51

Mean Post-Position-Responding

Days in Reversal Learning

" Bright Stimulus

-Reinforced Absent Nonreinforced
S1+S2+ S2+ S1-S2+
2.42 2.50 1.33
S1l+ NT sl-
2.67 1.75 2.50
S1+82- sS2- S§1-S2-
1.83 2.92 2.25
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TABLE 52

Analysis of Variance of the Mean

Post-Position-Response Days in Reversal Learning

Source of Sums of as Mean F
Variation Squares Square P
sl 2.574 2 1.287 1 NS
52 1.352 2 0.676 1 NS
S1xS2 20.482 4 5.121 2,067 NS
Within 245,333 99 2,478

Total 269.741 107
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TABLE 53
Stability of Post-Criterion

Reversal Learning

Group ‘ Mean Er;o:s
S1+S52+ 2.47
S2+ 1.92
S1-S2+ 2,05
S1l+ 2.17
NT 1.86
Sl- 2.14
S1+s2~ 1.91
S2- 2.08
S1-s2- 1.86
X 2.04

The daily group means of the Ss' daily mean
errors are shown.
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TABLE 54
Analysis of Variance of the

Stability of Post-Criterion Reversal Learning

Source of Sums of as Mean F
Variation Squares Square

Groups 6.773 8 0.8466 1.88
Within 36.444 81 0.4499

Total 43.217 89

The means of the mean errors for each group for each of
ten days of postcriterion reversal training are compared.
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nificant differences among the groups in post-criterial
reversal performance stability, F (8,81) = 1.88, p> .05,

Perseveration phase, The.pérsevération phase 1is

the number of days in which an S makes .80 responses to
S1l- during reversal learning. The means for this phase
are presented in Table 55. The combined group mean per-
severation days wés 1.58. Aﬁ analysis of variance of the
perseveration means is summarized in Table 56, A signi-
ficant interaction effect was detected, F (4,99) = 7.48,
P¢ .05, When the main effects were tested using the in-
teraction mean square as the error term, the effect of
interpoclated experience with S1 remained significant,

F (2,4) = 5,87, p<.05. The effects of interpolated ex-
perienée with S2, however, did not remain significant,

F (2,4) = 1.14, p > .05,

The contribution of interpolated experience with
each stimulus to the perseveration phase effects was as-
sessed by single-classification analyses.,

An analysis of variance for the mean number of per-
severation days during reversal learning when interpolated
experience with S2+ 15 held constant and the level of in-
terpolated experience with S1 varies is summarized in
Table 57. The means differed significantly, F (2,33) =
12,59, p< .65. The three means appear in Tabie'58, as

do multiple compérisons among them,
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TABLE 55
Mean Perseveration Days

in Reversal Learning

" Bright Stimulus

forced

Rein-

Absent

Dim Stimulus

Non-
Reinforced

Reinforced Absent Nonreinforced
S1+82+ S2+ S1-82+
1.83 1.67 0
Sl+ NT Sl~
1.83 1.83 0.25
S1+52- S2- S§1-Ss2-~
4,83 1.92 0.08
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TABLE 56
Analysis of Variance of the

Mean Perseveration Days in Reversal Learning

Source of Sums of af Mean -
Variation Sguares Square
S1 136.056 2 68.028 43.889 *
s2 26.389 2 13.195 8.513 *
S1xS2 46.388 4 11.597 7.482 *
Within 153.417 99 1.550
Total 362.250 107

* pc.05
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TABLE 57

Analysis of Variance for the Mean Number

of Perseveration Days when Interpolated

Experience with S2+ is Held Constant and

the Level of S1 varies

Source of Sums of as Mean F
Variation Squares Square

S1 level 24.67 2 12.33 12,59 *
Within 32.33 33 0.98

Total 57.00 35

* p<.05
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TABLE 58

Comparisons among the Means of Each Group
for the Number of Perseveration Days when
Interpolated Experience with S2+ is Held

Constant and the Level of S1 varies

Group S1+S2+ S2+ S1-S2+

Mean 1.83 1.67 0.00

Means not commonly underlined differ significantly
(p<¢ .05), based on the Tukey B procedure (WSD=1.00
df=33).
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An analysis of variance for the mean number of per-
severation days during reversal learning when interpolated
experience with S2 is absent and the level of interpolated
experience with S1 varies 1is summarized in Table 59. The
means were found to differ significantly, F (2,33) = 14.03,
P< .05, The three means and multiple comparisons among
them appeﬁr in Table 60.

An analyéis of variance for the mean number of per-
severation days when interpolated experience with S2- is
held constant and the level of interpolated S1 experience
varies is summarized in Table 61, The means were found to
differ significantly, F (2,33) = 23.31, p< .05. The three
means and multiple comparisoné among them are presented in
Table 62,

An analysis of variance for the mean number of per-
severation days when interpolated experience with Sl+ is
held constant and the level of interpolated experience
with S2 varies is summarized in Table 63. The means were
significantly different, F (2,33) = 12.77, p < .05. The
three means and multiple comparisons among them appear in
Table 64,

An analysis of variance for the mean number of per-
severation days when interpolated experience with S1 is
absent and the level of interpolated experience with S2
varies is summarized in Table 65. The means did not dif-

fer significantly, F (2,33) <1, p> .05, The three means
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TABLE 59

Analysis of Variance for the Mean Number

of Perseveration Days when Interpolated

Experience with S2 is Absent and the Level

of S1 varies

Source of Sums of af Mean F
Variation Squares Square

S1 level 20.06 2 10.03 14.03 *
Within 23,58 33 0.71

Total 43.64 35

* p<.05
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TABLE 60

Comparisons among the Means of Each Group
for the Number of Perseveration Days when
Interpolated Experience with S2 is Absent

and the Level of S1 varies

Group S1+ NT Sl-

Mean 1.83 1.83 0.25

Means not commonly underlined differ significantly
p< .05), based on the Tukey B procedure (WSD=0.85
df=33).
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TABLE 61

Analysis of Variance for the Mean Number

of Perseveration Days when Interpolated

Experience with 82~ is Held Constant and

the Level of S1 varies

Source of

Sums of

Mean

Variation Squares df Square F

S1 level 137.72 2 68.86 23.31 *
Within 97.50 33 2.95

Total 235.22 35

* p<.05
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TABLE 62

Comparisons among the Means of Each Group
for the Number of Perseveration Days when
Interpolated Experience with S2- is Held

Constant and the Level of Sl varies

Group S1+S2~ S2- sl-s2-~
Mean 4.83 1.92 0.08
Means not commonly underlined differ significantly

(p< .05), based on the Tukey B procedure (WSD=1.73
df=33).
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TABLE 63

Analysis of Variance for the Mean Number

of Perseveration Days when Interpolated

Experience with S1l+ is Held Constant and

the Level of S2 varies

Source of Sums of af Mean

Variation Squares Square

S2 level 72.00 2 36.00 12,77 *
Within 93.00 33 2.82

Total 165.00 35

* p<.05

Rl
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TABLE 64

Comparisons among the Means of Each Group
for the Number of Perseveration Days when
Interpolated Experience with S1+ is Held

Constant and the Level of S2 varies

Group 81+S2- S1+ S1+S82+

Mean 4.83  1.83 1.83

Means not commonly underlined differ significantly
(p< .05), based on the Tukey B procedure (WSD=1.69
daf=33).
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TABLE 65

Analysis of Variance for the Mean Number

of Perseveration Days when Interpolated

Experience with S1 is Absent and the Level

of S2 varies

Source of Sums of af Mean
Variation Squares Square

82 level 0.39 2 0.19 0.11
Within 57.25 33 1.73

Total 57.64 35
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and multiple comparisons among them are shown in Table 66,

An analysis of variance for the mean number of per-
severation days when interpolated experience with Sl1-~ is
held constant and the level of interpolated experience
with S2 varies is summarized Table 67. The means did not
differ significantly, F (2.33) = 2,03, p.>.05. The three
means appear in Table 68, .

Multiple comparisons among the mean number of per-
severation days for each of the nine groups are shown in

Table 69 .
Phase clustering. The relations among the pre-po-

sition, position, post-position, and perseverative re-
sponding phases of reversal learning within each of the
nine groups are presented in Figure 8.

The clustering of the effects of each type of in-
terpolated training, based on the Tukey B procedure, is
shown for all phases and for overall reversal learning in

Table 70,

Further consideration of the S1-S2-~ group's performance

The observation that the S1-52-~ group perseverated
significantly less than did the NT group but did not meet
the reversal criterion sooner requires further examina-
tion. The overall reversal performance of the S1-S2-
group (8.75 days) and that of the NT group (8.67 days)
differed by less than one percent (6.08 day;). Yet, the

$1-S2~ group exhibited a shorteniné of the pérseveration
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TABLE 66

Comparisons among the Means of Each Group
for the Number of Perseveration Days when
Interpolated Experience with S1 is Absent

and the Level of 82 varies
Group S2- NT S2+
Mean 1.92 1.83 1.67

All means differed significantly (p <.05), based on
Tukey B procedure (WSD=1.33, df=33).
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TABLE 67

Analysis of Variance for the Mean Number

of Perseveration Days when Interpolated

Experience with S1- is Held Constant and

the Level of S2 varies

Source of

Sums of ar Mean

Variation Squares Square F
S2 Level 0.39 2 0.19 2,03
Within 3.17 33 0.10

Total 3.56 35
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TABLE 68

Comparisons among the Means of Each Group
for the Number of Perseveration Days when
Interpolated Experience with S1- is Held

Constant and the Level of S2 wvaries

Group Sl- S1l-S2- S1-S2+

Mean 0.25 0.08 . 0.00

No means differed significantly (p >.05), based on

the Tukey B procedure (WSD=0.31, df=33).
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TABLE 69

Mean Perseveration Days and Multiple
Comparisons among the Means

§1-52+ S1-S82- 51- 52+ NT 51+  S1+S52+ 52~

0.00 0,08 0.25 1.67 1,83 1.83 1.83 1,92

51482~

4.83

Means commonly underlined do not differ significantly (p >.05),
while means not commonly underlined differ significantly

(p €.05), based on the Tukey B procedure.
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TABLE 70

Clustering of Effects within Reversal Phases

Reversal Performance
Reversal Phase
Effect
on Re- Overall Perse- Pre-po- Po~- Post-po-
versal veration sition sition sition
Facili- S1-S2+ S1-S2+ S1-S2+
tated Sl-52-
Sl-
No NT S2+ Sl-S2+ NT S1-S2+
Effect Sl1-52- Sl+ S1-82-~ Sl- NT
Sl- S1+S2+ S1l- S1-82~ S1+S2-
NT S2- S1+S2~- S1-82-
s2- S1+S2+ Sl+ S1+S2+
S2+ S2+ S1-
NT S2- S2+
Sl+ S1+S2+ S1l+
S2~
Pro- Sl=S24+ S1+52- S1+S2-
tracted Sl+
S2+
s2~
Greatly S1+S2-
Pro-
tracted

Within each column, groups listed as exhibiting the same
effect did not differ significantly; groups listed as ex-
hibiting different effects differed significantly (p<.05)
based on the Tukey B procedure for multiple comparisons.
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phase of about 22 percent (1.75 days). If the Sl-S2-
group perseverated signifiéantly 1es§ but reversed in
virtually the same number of days as did the NT group,
a protraction of other phases for the S1-52- group is
indicated.

Indeed, examination of the nonsignificant differ-
ences bétween the S1-52-~ and NT groups in the later
phases of reversal learning revealed a total protraction
of reversal learning for the S1-S2- group just about e~
quivalent to the significant facilitation of the perse-
veration phase. In the position responding phase, the
S1-S2- group required 5.75 days as opposed to the NT
group which required 4.42 days-———an S1-S2- group pro-
traction of 15 percent. In the post-position phase, the
S1-S2~ group required 2.25 days as compared with the NT
group which required 1.75 days——an S1l-5S2- group pro-
traction of 6 percent., The total S1-S2- group protrac-
tion of reversal learning in the later phases was 21 per-
cent., The significant facilitation of perseveration
phase responding for the S1-52- group was 22 percent.
Thus, the nonsignificant differences summed to equal and
counteract the significant perseveration facilitation for
the S1-52-~ group, minus the observed one percent differ-

ence,
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DISCUSSION

The major results will be discussed with respect to
the resolution of the PERE problem and to the implications

for current theories relevant to the PERE.

The Process Underlying the PERE

The PERE was replicated in this study. Interpola-
ted extinction training significantly reduced pérsevera-
tion of the original discrimination response habits during
reversal learning. Yet, interpolated extinction training
did not hasten the meeting of the reversal criterion.
Therefore, in addition to facilitating the first part of
reversal learning, the extinction training must have also
protracted the later parts of reversal learning.

Indeed, as compared with the NT group, the S1-S2-
group eihibited 22 percent less perseferation; this faci-
litation was counteracted by a 15 percent protraction of
the position responding phase and a 6 percent protraction
of the post-position responding phase. While these two
protraction effects were not individually significant,
their sum is precisely equivalent to the significant re-
duction of perseverative responding, particularly if the
observed one percent difference in overall reversal per-
formance is included.

Thus, the PERE 1is attributed to multiple and coun-

teracting effects of the interpolated extinction training.
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Imglications for Theories Relevant to the PERE

The sequenﬁial contravention approach was c;nfirm-
ed, Prétection approaches, which attribute the PERE to
the protection of the original discrimination from the
effects of interpolated extinction training, were dis~

confirmed,

Attention theory. Attention theory predicts that

interpolated extinction training rapidly extinguishes at-
tention to the brightness dimension, before the response
associations with the sfimuli can be substantially dimi-
nished. This prediction is contradicted by the observed
reversal behavior, Interpolated extinction training did
significantly reduce perseveration of the original dis-
crimination response habits during reversal learning.

The original discrimination was not protected by the
switching=out of the brightness analyzer,

The formal model of attention theory of Sutherland
and Mackintosh (1971) provided two further predictions,
The S1+S2- group was predicted to exhibit reduced posi-
tion responding. Yet no such reduction occurred, It was
also predicted that reversal learning would be protracted
by the provision of forced reversal training at a time
when position responding would be observed in a free re-
versal situation, The S1-52+ group received forced re-
versal training until all Ss had passed the position re-

sponding point in their de%eloPment of the reversal. The
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S1-52+4 group should then have reversed slower than the NT
group., Just the opposite was observed, The S1-52+ group
learned the reversal significantly faster than any other
grbup.

The cue function approach., According to D'Amato

and Jagéda (1960), the presence of reward in the experi-
mental situation serves a cue function which maintains
the salience of the discrimination. This approach attri-
butes the PERE to the absence of reward during interpola-
ted extinction training. Performance appropriate to the
original discrimination is "resurrected!" by the reintro-
duction of reward when revefsal learniné begins, Like
the attention model, this protection approach is discon-
firmed by the significant reduction of perseverative re-
sponding in reversal learning.

The cue function approach generates another test-
able prediction., The S1+S2+ group, having received inter-
polated experience with both stimuli reinforced, should
have exhibited rapid reversal learning. The presence of
reward should have maintained the salience of the origi-
nal discrimination response associations and rendered them
more vulnerable to the equalizing effect of identical re~
inforcement, The $1+52+ group should, then, have exhibi-
ted less perseierafioﬁ of the original response habits
during reversal learning than did the NT group. No such

perseveration decrease occurred. The Si+52+ training
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actually served to significantly increase perseverative
responding and to significantly protract reversal learn-
ing.

The differential reinforcement  approach, If dis-

crimination learning is fundamentally a relationship be-
tween response habits based on the relationship of their
reinforcement contingencies, then little discrimination
learning could occur in the absence of differential rein-
forcement, True, the greatest differences among the
groups occurred where the interpolated training included
differential reinforcement, which lends some credence to
this approach. However, the observation of significant
changes at certain points in the course of reversal learn-
ing and in overall reversal performance in groups not re-
ceiving differentially reinforced training argues against
this explanation of the PERE. The absence of differential
reinforcement did not protect the original discrimination
response habits from the effects of interpolated extinc-
tion training. The differential reinforcement approach is
weakened still further by the observation of significant
effects of interpolated training with a single stimulus,
The simultaneous contravention approach. The si-
mul taneous contravention approach predicts that the two
components of interpolated extinction training-——specifi-
cally, reversing S1 and overtraining S2~——cancel, produc-

ing the PERE. The results indicate that the effects of
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interpolated extinction training do not simply cancel.
Significant differences emerged during different phases

of reversal learning.

The sequential contravention approach, The se-

quentiai contravention approach predicts that the two
components of interpolated extinction training operate at
different points within the course of reversal learning

to counteract each other and produce the PERE. This ap-
proach was confirmed by the significant facilitation of
the perseveration phase and the equivalent, though not
individually significant, protractions of the later phases
of reversal learning. The sequential contravention ap-
proach fits the observed behavior, both in terms of the
overall reversal behavior and in terms of the performance

within the phases of reversal learning.

A Theoretical Interpretation of the PERE

The factors that lie beneath the process that lies
beneath the PERE remain speculative. The principle of
parsimony holds that the least complex theoretical struc-
ture that can accommodate the observed behavior be sought,
Consequently, a single process, associative theory of the
PERE will be offered., It is based on the relative points
in the course of reversél‘learning‘that theAappropriate
response tendencies are developed,

Interpolated extinction training has been shown to

signifiéantly reduce perseverative responding in reversal
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learning. Therefore, such training results in earlier
sampling ofV82+. as compared with no interpolated train-
ing prior to reversal training, assuming a constant num-
ber of daily reversal trials. Thus, the tendency to ap-
proach S2 develops relatively eérly for $1-S2- Ss, before
the usual amount of experience with Sl- can be gained,
Due to delayed and less concentrated experience with Sl-,
the tendency to avoid S1 is delayed,

Evidence for the greater importance of experience
with the nonreinforced stimulus in reversal learning has
been reviewed earlier (cf. p. 15), and is in agreement
with the present results, If interpolated Ss go through
the early part of reversal iearning gaining less experi-
ence with the nonreinforced stimulus, they are placed at
a disadvantage in the later parts of reversal learning.
In this manner, interpolated extinction training serves
to protract the later phases of reversal learning.

This model of the PERE fits the observed effects
of interpolated extinction training. It is further sup-
ported by the present finding that any interpolated train-
ing that does not include S1- experience serves to pro-
tract reversal learning. The proposed model accounts for
the observed differences within the course of reversal
learning as well as for the overall PERE without invoking

a second, mediating learning process.
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The Role of Experience with Each Stimulus

The present design affords an opportunity to assess
the intéractive and independent effects on reversal learn-
ing of interpolated experience with the stimuli,

Interactive stimulus effects. The significant in-

teractién between the effects of interbolated experience
with each of the stimuli suggests that reversal learning
is crucially influenced by the specific relationship be-
tween the interpolated stimuli. Assuming that reversal
learning obeys the same laws as discrimination learning in
general, the interactive conclusion is not in accord with
the views of Spence (1937) and Kimble (1961), who regard
discrimination as the difference between independent gra-
dients along the given stimulus dimension. The interac-
tive conclusion, however, is in agreement with the find-
ings of Andelman and Sutherland (1970), Fox et al. (1970),
Hanson (1959), Honig, Thomas.ﬂand Guttman (1959), Lachman
(1961), and Reynolds (1961), whose views of discrimination
emphasize the relationship between the stimuli based on
the relationship between their reinforcement contingen-
cies., The present finding that the most powerful effects
of interpolated training occur where the stimuli have con-
trasting reinforcement contingencies strengthens the view
of the learning process as fundamentally interactive.

The few studies employing interpolated training to

evaluate the role of the stimuli have not used factorial
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designs, hence they could not detect the interaction ef-
fect observed in this study. For example, Stevens and
Fechter (1967) compared one gréup receiving interpolated
Sl- traiﬁing ﬁith another group receiving interpolated S2+
training, in order to determine the contribution of each
stimulus to reversal learning. In light of the powerful
interaction effect found in the bresent study, it becomes
appropriate to assess independent effects of interpolated
stimulus experience only where they extend beyond any in-
teraction effects that may be present,

Independent stimulus effects., Some of the effects

of intefpolated stimulus experience remained significant
when tested using the interaction mean square as the er-
ror term; others did not. The effect of S1 experience
was found significant over and above the Significant in-
teraction. This was not the case for the effect of S2
experience, This assertion is supported by the 3x3 fac=-
torial analysis and by the single-classification analyses.
In the latter analyses, the level of interpolated experi-
ence with one stimulus was held constant while the other
stimulus level was systematically varied., Significant
effects of variations in S1 level were found; no signifi-
cant effects of S2 variation were found.

Examination of the general pattern of the results
provides further, albeit less formal, support for the con-

clusion that interpolated S1 experience has independent
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reversal effects, while interpolated S2 experience does
not, In all groups where S1 was nonreinforced during in-
terpolated training, the reversal was learned as fast as
or faster than in the NT group., In all groups where S1
was absent or reinforced, reversal learning was signifi-
cantly slower than in the NT group. On the other hand,
there was no systematic relétion between the level of in-
terpolated S2 experience and reversal performance. In
fact, where S2 was presented alone during interpolated
training, the same protraction of reversal learning oc-
curred whether S2 was reinforced or nonreinforced.,

The emphasis on the contribution of S1 experience
in determining reversal performance is consonant with the
conclusions of Biederman (1967) and Mandler (1968). It is
also in agreement with the more recent view of D'Amato
(1969) and the personally expressed view of Jagoda. The
opposite view had been expressed by D'Amato and Jagoda in
1960; yet, the results that supported their 1960 hypothe-
sis that extinguishing the avoidance of S2 is of primary
importance depends on data that can also be interpreted
to attribute primary importance to the development of a-
voidance of Sl.

The present conclusion that interpolated experience
with S1 is of the greatest importance in reversal learn-
ing is in agreement with the larger body of discrimina-

tion learning literature emphasizing the greater impor-
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tance of experience with the nonreinforced cue (amsel,
1962; Birch, 1955; D'Amato, 1969; Denny and Dunham, 1951;
Fitzwater, 1952; Khavari and Heise, 1967; Lachman, 1961;
Mandler, 1970; and Olton, 1972), Mackintosh (1969), on
the contrary, thinks that experience with the reinforced
stimulus plays the more crucial role, because reinforced
experience contributes to the strength of the relevant
stimulus analyzer as well as to the strength of the spe-
cific response associations., But Mackintosh's model is
not compatible with the presenf data, nor is it in accord
with the many experiments that have provided support for
the greater importance of nonreinforced experience,

The present conclusion about the effects of S1 and
S2 training generates the next line of inquiry. How does
this function operate? Which S1 levels of interpolated
training produce whicﬁ specific reversal effects? The
most intuitively apparent answer is that interpoiated S1--
training, since it includes one of the reversal components,
serves to facilitate reversal learning. The answer, how-
ever, does not seem tc be quite that simple.

Stevens and Fechter (1967) reported that reversal
learning was swifter following interpolated experience
with S1- than with S2+, Each of these conditions includes
one component of the reversal task, While their finding
of relative differences stands, it is not at all c¢clear

from Stevens and Fechter's experiment which condition ex-
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erted the greater influence on reversal learning. Diad
interpolated Sl1- training facilitate reversal learning,
or did S2+ training protract it? Comparisons among se-
veral pairs of groups in the présent study provide per-
tinent information,

Interpolated S1-S2~ training resulted in faster
reversal learning than did S14S2+ training. It must be
that either the Sl- component fécilitates reversal more
than does the S2+ component, or the Sl+ component pro-
tracts reversal more than does the S2- component., Since
the S1-S2= training had no overall effect compared with
the NT condition, it follows that Sl+ ¢raining protracts
reversal learning more than does S2- training, and not
that Sl1l~ training facilitates reversal learning more than
does S2+ training.

Other comparisons lead to the same conclusion, in-
cluding comparisons among groups receiving interpolated
training with only one stimulus., Interpolated S1- train-
ing produced faster reversal learning than did $2+ train-
ing. But the Sl- training did not produce significantly
faster reversal learning than did the NT condition,
Therefore, interpolated Sl~ training doés not facilitate
reversal learning, while S24 training does protract it,

This, then, is the follow-up to the question
ralsed By Stevens and Fechter's results: It is concluded

that any interpolated training that does not include Sl-
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experience serves to protract reversal learning. Stevens
and Fechter's observed differences‘can be attributed to
the érotracting effect of interpolated S2+ training and

not to a facilitating effect of S1l- training.

Implications for the ORE

The overtraining reversal effect (ORE) is the fas-
ter revérsal of overtrained Ss than critérioﬁ trained Ss.
The ORE has been extensively reviewed by Lovejoy {1966),
Mackintosh (1965), Paul (1965), Sperling (1965), Suther-
land and Mackintosh (1971), and Warren and McGonigle
(1969). The results of the present study appear to have
relevance for the ORE and the search for appropriate ORE
models,

It is possible that the same process underlies the
PERE and ORE., Interpolated extinction training was found
to reduce the perseveration phase and to correspondingly
protract the later phases of reversal learning. Over-
training prior to reversal training is known to increase
perseverative responding at the beginning of reversal
learning (Eimas, 1967; Hooper, 1967; Mandler 1966, 1968;
Mandler and Hooper, 1967; Lukaszewska, 1968; and Siegel,
1967). Yet, when the ORE is observed, overtrained Ss
learn the reversal faster despite their extended perse-
veration at the beginning of reversal learning, Extend-
ing the PERE process to the ORE case, it may well be that

the ORE is attributable to the facilitative effects of
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overtraining on reversal learning. Overtraining may fa-
cilitate the later parts of reversal learning as well as
protract the first part.

The single process model proposed to account for
the PERE can accommodate the ORE with no additional as-~
sumptions or modifications. Since overtraining increases
perseveration responding in the beginning of reversal
learning, the overtrained Ss must receive high concentra-
tions of Sl- experience, as compared with criterion-train-
ed Ss. In other words, overtrained Ss go through the
first part of reversal learning having experienced more
S1- and, given a constant number of daily trials, less
S2+ than criterion-trained Ss. The primary importance of
experience with the nonreinforced stimulus was reviewed
earlier (cf. p. 15). Due to the increased responding of
overtrained Ss to the nonreinforced stimulus during the
first part of reversal learning, they can progress through
the later parts at an accelerated rate. In this manner,
overtraining produces sequentially contravening effects
that protract the first part and facilitate the later

parts of reversal learning.

Conclusions

The PERE was replicated and attributed to sequen-
tially éontravening effects of interpolated extinction
training on reversal learning. Such training reduces

perseverative responding, facili%ating the early part of
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reversal learning, but it also protracts the later parts
of reversal learning. Theories that postulate some in-
ternal or external mechanism that suspends associative
modifications during interpolated extinction training
were disconfirmed by the observation of significant modi-
fications in the course of reversal learning following
such training.

It was also concluded that the data fit a single
process assoclative model, which can accommodate the ORE
as well as the PERE., It does not seem necessary to invoke
a second mediational learning process,

The interaction between the effects of interpolated
experience with each stimulus suggests that reversal learn-
ing is fundamentally the learning of a relationship be-
tween the reinforcement contingencies of each stimulus
rather than the learning of independent response habits
associated with each stimulus, It becomes appropriate to
assess individual stimulus effects only where they are
found significant over and above any interaction effects.,

Individual stimulus effects were found to extend
signifiéantly beyond the interaction effects for inter-
polated S1 but not S2 training. It is further concluded
that any interpolated training thét does not include Sl-
experience serves to protract reversal learning.

A general implication of the sequential contraven-

tion finding is that manipulations conceived as a single
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operation, such as extinction training, need not have
simple and unidirectional effects. A related implication
is that the reversal learning process is not adequately '
represented by single measures of overall performance,
such as the number of trials or days to meet a perfor-
mance criterion., Analyses of individual learning phases

are necessary.
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