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ABSTRACT

Two experiments were conducted to investigate the 
effects of a change in cue contingency on learning transfer 
problems and on continued performance of original training.
In Experiment I cebus monkeys were trained to criterion on a 
seven-problem serial discrimination. One of three types of 
transfer lists was then alternated with continued trials of 
the criterion training list. In the second experimentr 
after subjects had been trained to criterion on a seven- • 
problem serial list, one of four types of transfer lists was 
presented for three days. The transfer list was then 
alternated with a complete reversal of the original criterion 
list, In both experiments, when a previously positive cue 
on one list became a negative cue on a new list performance 
was substantially depressed. Reversal of the negative cue, 
however, did not affect performance on the transfer lists. 
Though slight disruption in performance of the ongoing 
criterion list was produced by all transfer lists, reversal 
of the negative cue had the greatest effect on the criterion 
list.

vii



INTRODUCTION

Serial or concurrent discrimination learning is a 
procedure in which a list or series of paired discrimination 
problems, are presented to the subject. The subject responds 
to all problems in the list prior to the repetition of any 
other problem. Unlike a successive discrimination procedure, 
the serial procedure requires that information obtained from 
one trial be retained through the presentation of all other 
problems in the list for learning to occur. The additional 
retention demands of serial discrimination have been 
demonstrated in research on the effects of list length on 
learning. It has been shown in past research with a number 
of species ( K i n g  and Goodman, 1966; Darby and Riopelle,
1955; Hayes, Thompson, and Hayes, 19531 that errors 
systematically increase as the list length is increased, 
although this increase is not always .large (King, 1971).
The serial discrimination procedure has also been shown to 
produce less efficient discrimination learning, especially 
during early trials, than a successive procedure (Darby and 
Riopelle, 1955; Hayes et al., 1953), Leary (1957), in an 
experiment using rhesus monkeys, found that shuffling the 
order of problem pairs within the serial list, while keeping 
the objects defining each problem constant, does not produce 
a decrement in performance. However, when the problem
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pairs are separated by pairing positive and negative objects 
from different problems, a decrement in performance occurs 
(Leary, 1957) .

The present study was concerned with assessing the 
serial discrimination performance of capuchin monkeys on 
several transfer tasks designed to show the relative 
efficiency of learning new cue relations of rewarded and 
non^rawarded stimuli within a serial list. The. study was 
also designed to assess the effects of learning an entirely 
new discrimination on a previously learned discrimination. 
Sledjeski and French (1968) recently used transfer condi-. 
tions similar to the present study in two experiments with 
a successive discrimination procedure. A comparison of 
subjects’ error scores on six post-criterion transfer con
ditions showed that the least number of errors was produced 
by a continuation of the criterion problem, while a ■ 
complete reversal of the criterion problem produced the 
most errors. In a second experiment, Sledjeski and French 
presented subjects with six different post-criterion 
transfer conditions; maintained positive, maintained nega
tive, reversed negative, new learning, reversed positive, 
and complete reversal. Novel stimulus objects were paired 
with either maintained-contingency or reversed-contingency 
objects from the original training pairs to form the 
transfer problems. Subjects' error scores increased across 
conditions in the order the conditions are listed above. •



Error scores were lowest when either reward contingency was 
maintained. This indicated that some information about 
contingency relationships was given the subject when either 
cue was retained. Reversal of the .negative stimulus, how
ever, produced fewer errors than new learning, though this 
difference was not significant. Sledjeski and French 
suggested that the negative cue became neutralized through 
the passive decay of avoidance during training. This 
suggests that, though avoidance is readily reinstated by 
non-reinforeed trials in the maintained negative condition, 
there may initially be a tendency to approach the negative 
cue as a result of extended training on the original 
problem. The reversed positive condition produced more 
errors than new learning, as did the complete reversal 
condition. This suggests a tendency to approach the 
previously positive stimulus, regardless of the other 
stimulus object present. Sledjeski and French concluded 
"that stimulus selection is based primarily on approach to 
the rewarded object. Through the passive decay of 
avoidance, the negative object becomes relatively neutral.

Ettlinger (i960) also emphasized a single excitatory 
process as the underlying mechanism in discrimination 
learning. He concluded that approach to the positive cue 
was learned as a consequence of discrimination training. A 
number of theories of discrimination learning may be dis
tinguished in contradistinction to this position, in terms



of their emphasis on either excitatory or inhibitory 
processes, Harlow and Hicks (.1957) formulated a uniprocess 
theory which emphasized inhibition. In a more detailed 
version of this theory, Harlow (1959) stressed the suppres
sion of error producing factors as responsible for 
successful discrimination learning. Behar (.1961) has also 
emphasized the inhibitory effects of nonreward in dis
crimination learning. However, Behar (.1962) found that 
avoidance of the negative cue diminished as training 
continued. When no errors were made during training trials, 
subjects' approached the negative cue on 62,6 per cent of- 
the test trials in which the negative cue was paired with 
a novel object. However, when one or more errors were made 
during training, subjects' approached the negative cue on 
only 27.8 per cent of the test trials, Behar concluded 
that avoidance of the negative cue was dependent on 
previous response to the negative cue during training. 
Furthermore, successful discrimination training entails the 
passive decay of avoidance, since, as training continues, 
responding to the negative cue diminishes. An alternative 
approach to the uniprocess theories discussed above is 
offered by Spence's (1936) theory of discrimination, in 
which both excitation and inhibition account for dis
crimination learning. Excitation or - inhibition are accrued 
to either the positive or negative cue as a result of reward 
and non-reward.



The present study examined post-criterion serial 
discrimination performance. It was thought that the 
transfer conditions employed would offer evidence as to the 
relative effects of reward and nonreward during training. 
Although a number of researchers have emphasized an inhibi
tory process in discrimination learning, Sledjeski and 
French (1968) have shown the importance of approach to the 
positive cue; especially in a well learned problem. 
Therefore, the maximum disruption in performance of post
criterion transfer problems should be produced by a 
positive to negative reversal of cue contingency„

Experiment I was intended to examine this phenomenon 
more thoroughly than is possible with a simple transfer 
paradigm such as that employed by Sledjeski and French. 
Specifically, Experiment I was addressed to the question of 
whether the expected maximum disruption of a positive to 
negative reversal would affect an already learned dis^ 
crimination. This was accomplished by having subjects learn 
a serial list; after which a transfer problem was alter
nated with continued trials of the original problem. Thus, 
performance on the original problem during alternation with 
the transfer problem offered a measure of the effect of 
changed cue contingencies on existing intact problems, 
Experiment II was addressed to a somewhat more complex 
question than Experiment I, Experiment II offered a measure 
of the effect of a positive to negative transfer problem,
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relative to other types of transfer problems, upon the 
complete reversal of an intact discrimination.



METHOD

Subj ects
The subjects in Experiment I were one female and 

five male cebus monkeys CCebus apella). Four of the 
original subjects were used in Experiment II. All subjects 
were feral adults who had been housed in the laboratory for 
at least two years prior to the present study„ All subjects 
had some previous experimental training with simultaneous 
discrimination problems presented in a Wisconsin General • 
Test Apparatus (WGTA).

Apparatus
Testing was conducted in a modified version of the 

WGTA. A manually operated opaque screen separated the 
subjects' test cage from the.stimulus presentation tray 
between.trials. A fixed one-way screen enabled the experi
menter to view both the subject and the stimulus tray. The 
stimulus tray was 36 cm wide by 18 cm deep and contained two 
foodwells 18 cm apart„ The stimulus objects were junk and 
hardware items affixed to heterogeneous bases, 44 mm square 
and 6,4 mm in height.

Procedure
Stimuli were randomly paired to form two-object 

problems and each was randomly assigned as either the



positive or negative cue. With the opaque screen in place, 
the experimenter baited the foodwell with 1/2 raisin 
according to a Gellermann sequence (Gellermann, 1933). . The 
foodwells were then covered by the appropriate stimulus 
objects, the screen was raised, and the stimulus tray pushed 
forward. After the subject had retrieved the raisin, the 
tray was withdrawn and the procedure was repeated with the 
next problem. If no response occurred, the same problem was 
repeated until the subject had responded. No corrections 
were allowed.

All subjects were initially trained on an adaptation 
procedure designed to ensure prompt displacement of the 
stimulus object and retrieval of the reward, A three- 
problem serial discrimination was then presented for 25 
trials per day until a criterion of 15 consecutive correct 
responses on one day was met.

Experiment I
The subjects were presented with a seven-problem 

serial discrimination for 56 trials per day. The seven- 
problem original list was presented until one of two 
criteria was met. Subjects assigned to the high criterion 
of original training were presented with the original 
seven-r-problem list until 21 consecutive correct responses 
were made on one day. The low criterion of training con
sisted of presenting the original list until 7 consecutive



correct responses were made on one day, After the criterion 
was met, each subject was presented with one of three types 
of modified list conditions; new learning, reversed positive, 
or reversed negative. The new learning list was composed of 
seven novel problems. The reversed positive list was 
formed by retaining each positive object from the original 
list, reversing its cue value, and pairing it with a novel 
object which was rewarded. The negative object from the 
original list was retained with reversed cue value, and 
paired with a novel object to form the reversed negative 
list. .

In each of the- modified conditions the original list 
was retained and alternated with the modified list. The 
alternation of lists consisted of presenting a problem of 
the original list, with cue relations intact, followed by 
a problem from the modified list. The two lists were 
alternated for 56 trials per day [four presentations of 
both seyenr-problem lists! , The alternation of the two 
lists was presented for four days regardless of subjects1 
performance. All subjects encountered all experimental 
conditions in accordance with a counterbalanced repeated 
measures design. A summary of the cue relations involved 
in Experiment I is presented in Table 1,
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Table 1. A Summary of the Cue Relations in Experiment I

Original Alternation
Training

Condition List Original List Modified List

New Learning A+B~ A+B- with G+H
Reversed Positive C+D~ C+D~ with I+C
Reversed Negative + -E F + —- E F with F+J

Results
On the last day of testing before the lists were 

alternated, subjects in the high criterion condition 
averaged 95,6% correct on the original list; subjects in 
the low criterion condition averaged 78,33% correct on the 
original list.

The number of correct responses within each condi*- 
tion over the four days of list alternation wa,s compared 
using a separate analysis of variance for each of the 
alternating, lists (modified and original) (see Table 2).

As hypothesized, performance on the modified list 
during alternation was lowest when a reversal of the posiv- 
tiye cue occurred, Reversal of the negative cue and new 
learning produced virtually identical performance. 
Alternation of the modified lists did affect performance 
of the ongoing original list. The greatest disruption of
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Table 2. A Summary of the Analyses of Variance in Experi

ment 1

Source df SS F P

Modified Lists
Type of Modification 2/10 5062.63 68.57 <. 001

Criterion 1/5 14. 82 0. 53
Trials 3/15 788,11 28.92 <,001

Trials x Type of 
Modification 6/30 132.49 3.11 <.025

Trials x Criterion 3/15 8.15 0.39
Type of Modification x 

Criterion 2/10 20.05 0,37
Trials x Criterion x 

Type of Modification 6/30

Original

37.34

List.

1.07

Type of Modification 2/10 96.18 19,44 <,001
Criterion 1/5 140.03 12,86 <,025
Trials 3/15 24,47 2,31 ——

Trials x Type of 
Modification 6/3 0 29.65 0,62 —

Trials x Criterion 3/15 49.47 5,66 <.01
Type of Modification x 

Criterion 2/10 8.51 0.37 —
Trials x Criterion x 

Type of Modification 6/30 64.65 3.78 <.01
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the original list occurred during the alternation of the 
reversed negative list.

Specifically, the analyses of variance indicated 
that performance on the three types of modified lists during 
alternation was significantly affected by the type of 
modification (F = 68.57, df = 2/10, P < .001). A Newman- 
Keuls test indicated that performance on the reversed 
positive list was significantly lower (p < ,05) than perr- 
formance on either the new learning or reversed negative 
lists, while the latter two conditions did not vary signifi*- 
cantly. Performance on the modified.lists significantly • 
increased over the four days of list alternation CF = 28,92, 
df = 3/15, p < .001). Figure 1 depicts the trials by type 
of modification interaction (F = 3.11, df = 6/30, p < ,025). 
Though performance increased across the four days of list 
alternation (trials) for all conditions, performance 
remained quite low within the reversed positive condition.

The type of modified list presented significantly 
affected performance on the original list (F = 19.44, 
df =2/10, p < .001), Application of the Newman-Keuls test 
indicated that performance on the original list was 
significantly (p < .05) lower during the alternation of 
the reversed negative modified list than during the 
alternation of new learning. As expected, performance on
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the original list during alternation was significantly 
greater for the high than for the low criterion condition 
(F - 12.86, df =1/5, p < .025). Furthermore, during 
alternation, the criterion x trials interaction (F = 5.66, 
df = 3/15, p < .01), and the criterion x type of modified 
list x trials interaction were significant (F = 3,78, 
df = 6/30, p < .01). Figure 2 depicts the criterion x type 
of modified list x trials interaction. For both criterion 
conditions the new learning and reversed positive condi^ 
tiohs did produce disruption of the original list. However, 
the reversed negative condition produced greater disruption 
of the original list over the four days of alternation.

Experiment II 
Experiment II was initiated immediately after 

Experiment I. Subjects were initially presented with a 
seven^problem serial discrimination, as in Experiment I, 
which was presented until a criterion of 21 consecutive 
correct responses occurred on one day. Subjects then 
encountered one of four modified seven problem lists: 
reversed positive, maintained negative, reversed negative, 
or maintained positive (see Table 3). The reversed positive 
list was formed by retaining the positive objects from the 
originally learned list, with cue values intact, and pairing 
them with novel objects, Similarly, the reversed negative 
list consisted of the negative objects from the original
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list paired with novel objects which were rewarded. The 
maintained negative list was formed by retaining the 
original positive objects, reversing their cue value, and 
pairing them with novel positive objects. The maintained 
positive list consisted of pairing the negative objects, 
with reversed cue value, from the original list with novel 
negative objects. The modified lists were presented for 
56 trials per day for three days, regardless of performance. 
On the next three days of testing, the modified list was 
continued but was alternated with a complete reversal of the 
originally learned list (see Table 3)„ During this alterna^ 
tion, the change in contingency between the two lists was 
that implied by the label of the list. As in Experiment I, 
the alternation of lists consisted of presenting a problem 
from the modified list followed by a problem from the 
reversed original list until both lists had been presented„ 
The two lists were alternated for 28 trials each per day for 
three days. All subjects were presented with all four 
treatment conditions in accordance with a counterbalanced 
repeated measures design.

Results
The number of correct responses on the modified 

list during its first preseritation, the modified list 
during alternation, and the reversed original list during 
alternation were compared using a repeated measures analysis
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Table 3; A Summary of the Cue Relations in Experiment II

Alternation
Original Original
Training Modified Modified List 

Condition List List List Reversed

Reversed Positive A+B~ 1—1 1 A+I^ with A-B+
Maintained Negative C+D" jV* . J+C" with C_D+
Reversed Negative “b  E F K F K+F~ with E~F+
Maintained Positive '4-* T-t,G H H+L^ H+L^ with g'"h +

of variance, as summarized in Table 4„ Subjects obtained 
high performance on the original modification regardless of 
any change in cue contingency. As in Experiment I, however, 
alternation of the lists did produce interference, As 
expected, performance on the reversed original list was 
lowest when a positive cue became a, negative cue. The 
stable positive cue from list to list in the maintained 
positive condition produced the fewest errors on the 
reversed original list.

During the three-day alternation of the modified 
list with the reversed original list, the type of modifica^ 
tion had no significant effect on performance of the 
modified lists. However, subjects' performance signifi
cantly decreased CF - 6,39, df = 2/6, p ,05) over the
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Table 4, A Summary of the Analyses of Variance in Experi

ment II

Source df SS F P

Modified List Before Alternation
Type of Modification 3/6 22.23 2.82 -—
Trials 2/6 155.04 30.42 <.001
Trials x Type of

Modification 6/18 8.46 0. 64 *

Modified List During Alternation
Type of Modification 3/6 35,42 2.83 ■<-■*-
Trials 2/6 18.38 6.39 <,05
Trials x Type of

Modification 6/18 19. 96 0,70

Reversed Original•List
Type of Modification 3/6 1294.90 10.55 <.01
Trials 2/6 223,88 7.77 <;025
Trials x Type of

Modification 6/18 24.80 0,20 —t-
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three days of list alternation. Figure 3 depicts per
formance on the modified lists before and during alternation 
with the reversed original list.

The type of modification employed did have a 
significant effect (F = 10.55, df = 3/6, p < ,01) on 
performance of the reversed original list, as depicted in 
Figure 4. Performance was substantially lower in the 
reversed positive condition than in any of the other 
conditions. However, a Newman-Keuls test failed to yield a 
significant difference between any of the conditions. 
Performance significantly increased (F = 7.77, df = 2/6, 
p < .025) across the three days of list alternation.
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DISCUSSION

In Experiment I reversal of the negative cue pro
duced fewer errors than new learning, although this differ
ence was not significant. Reversal of the positive cue, 
however, produced substantial negative transfer, Subjects' 
mean performance on the reversed positive list over the 
four days of alternation remained well below chance (2 9% 
correct), These results support Sledjeski and French C196 8), 
and tend to confirm the hypothesis that the positive cue 
is the primary determinant of discrimination response 
during post-criterion training.

Performance on the original training list remained 
relatively high, regardless of the transfer condition 
presented. However, the original training list was 
significantly affected By the type oi modified transfer 
list presented. The reversed negative list produced the 
greatest disruption in performance of the ongoing original 
list. This result may also be interpreted in favor of the 
stated hypothesis, While the change in contingency from 
the ongoing original list to the modified list was from 
negative to positive, this condition requires a positive to 
negative shift in contingency from the modified list to the 
original list, If, in accordance with the stated 
hypothesis, it is assumed that a positive to negative shift

- 22
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has a substantially greater effect than a negative to 
positive shift in contingency, then the greatest disruption 
of the ongoing list should occur in the reversed negative 
condition. Therefore, while performance on the transfer 
lists should be lowest for the reversed positive condition, 
performance on the ongoing list should be lowest for the 
reversed negative condition.

In Experiment II, subjects obtained a high level of 
performance (85.7 9% correct) on the modified lists within 
the three days of testing regardless of the modification 
employed. The order of the means, though not significantly 
different, was in the expected direction. The mean number 
correct was highest on the reversed positive list {X =
24. 33) and the reversed negative list (X = 24,33) , where a 
contingency from the training pair was maintained. Per
formance on the maintained positive list was slightly lower 
(X =i 2 4 17) , and was lowest on the maintained negative list 
(X = 23,25). During alternation with the reversed original 
list, performance on the modified lists remained high but 
decreased over the three days of alternation. This suggests 
an interfering effect of the reversed original list. Though 
statistical tests failed to yield a significant difference, 
the order of the means of the modified lists during 
alternation were; maintained negative (X = 26,00), 
maintained positive (X = 25,42), reversed negative (_X s= 
24,08), and reversed positive (X = 24,00)„ Both the
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maintained negative and maintained positive conditions had 
a stable component (negative and positive cue, respectively) 
which may have facilitated performance (see Table 3). The 
reversed negative and reversed positive conditions have 
competing contingencies and were subject to greater inter
ference. Contrary to the stated hypothesis, performance 
was lowest in the reversed positive condition,

Performance on the reversal of the original training 
list was significantly affected by the type of modification 
previously employed. As in Experiment I , performance was 
substantially depressed when a previously positive cue 
became a negative cue. The maintained negative and reversed 
negative conditions were intermediate in performance. Both 
conditions entail two different positive cues, Though the 
maintained negative condition has the same negative cue for 
both lists, performance was lower than the reversed negative, 
condition. Though this difference was not significant, a 
reversed ordering of these two conditions would have been 
expected. The maintained positive list, which consisted of 
the same positive cue for both lists, produced the most 
efficient performance.

The results of both experiments provide support 
within the serial discrimination paradigm for the position 
advanced by Sledjeski and French (196 8).. Post'-cr i ter ion 
discrimination choice seems to be primarily a function of 
approach to the positive cue. As discrimination training
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continues, avoidance of the negative cue decreases. 
Furthermore, reversal of the negative cue produces the 
greatest disruption in performance of a continued intact 
problem. However, the importance of avoidance of the 
negative cue during early training trials has been well 
substantiated by a number of investigators (Moss and 
Harlow, 1947; Behar, 1961; Leary, 1956).

Perhaps the most accurate explanation of dis
crimination learning available at this time would be one 
which encompasses both excitation and inhibition within a 
two-stage paradigm. This explanation would include an 
early training or acquisition stage, in which an inhibitory 
process produces avoidance of the negative cue. An 
excitatory process + producing approach to the positive cue, 
increases the efficiency of response in conjunction with 
avoidance of the negative cue. As response to the negative 
cue diminishes, inhibition produced from nonreward decays, 
and avoidance of the negative cue decreases„ At this point, 
performance is governed by a post-criterion stage, consisting 
of an excitatory process maintaining approach. Through the 
decay of inhibition, the negative cue is neutralized. During 
this, stage, reversal of cue contingencies will produce a 
large number of approach errors to the previously positive 
cue. However, relatively few errors to the previously 
negative cue will occur. Due to its neutral value, either 
approach or avoidance tendencies are rapidly associated.



Thus, early discrimination training 'is- governed by both 
excitation and inhibition. Through the passive decay of 
inhibition, however, post-rcriterion performance is a 
function of approach to the positive cue in the presence 
a relatively neutral negative cue„
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