
Further studies of reversallearning 
with singly presented stimuli 

in pigeons and goldfish * 

WILLIAM T. WOODARD and M. E. BITTERMAN 
University of Hawaii, Honolulu, Hawaii 96822 

The performance of pigeons and goldfish was studied in aseries of 
discrete-trial red-green discrimination reversals, with stimuli presented singly and 
the time of response to each measured. Both animals showed progressive 
improvement, but it took different forms. In the pigeons, there was a decline 
over reversals in the temporal stability of inhibition and an increase in the rate of 
inhibitory development. In the goldfish, there was a general increase in speed of 
response to the positive stimulus. The results are compared with those obtained 
in previous experiments. 

Two recent studies of reversal 
leaming with singly presented stimuli, 
one under free operant conditions 
(Beale, 1970) and the other under 
discrete-trial conditions (Woodard, 
Schoel, & Bitterman, 1971), showed 
much the same course of improvement 
in pigeons and much the same pattern 
of asymptotic performance. One of 
the changes which occurred as reversal 
training continued was a decline in the 
temporal stability of inhibition. At the 
start of the early reversals, the animals 
showed considerable reluctance to 
respond to S+ (the previously 
unreinforced stimulus), but there was 
no such reluctance at the start of the 
later reversals; that is, the inhibition 
developed in one session at ·first 
carried over to the next session but 
later tended to decay in the 
intersession interval. The second major 
change was an increase in the rate at 
which inhibition developed within 
sessions; that is, the rate of decline in 
readiness to respond to S- was greater 
in the later than in the earlier reversals. 
At asymptote, the animals would 
respond promptly to both stimuli in 
the early trials of each session and 
then soon stop responding to S-. The 
main purpose of the present work with 
pigeons was to inquire further into the 
generality of these results. We were 
interested particularly in whether the 
dominantly inhibitory character of the 
changes observed in the previous 
experiment was due to the fact that 
reversal training was begun only after 
strong tendencies to res pond to both 
stimuli had been established by 
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extensive, consistently reinforced 
pretraining. 

An experiment with goldfish 
analogous to the discrete-trial 
experiment with pigeons also showed 
so me progressive improvement, but 
tbe course of improvement and the 
pattern of asymptotic performance in 
the goldfish both were rather different 
from those in pigeons (Woodard et al, 
1971). The principal change over 
reversals shown by the goldfish was an 
overall slowing of response, which may 
be interpreted as an increase in the 
general level of inhibition. The 
improvement in discrimination could 
be traced primarily to the fact that the 
slowing was more marked for S- than 
for S+. The animals continued at 
asymptote to be gin each reversal with 
a considerable reluctance to respond 
to S+ (the previously unreinforced 
stimulus), which was overcome 
gradually by reinforeement, and with a 
readiness to respond to S- (previously 
reinforced), whieh was redueed 
gradually and symmetrically by 
nonreinforcement. Again, our purpose 
in the present work was to inquire into 
the generality of these results. 

SUBJECTS 
The Ss were eight male homing 

pigeons reduced to 80% of ad lib 
weight and seven 4-in. goldfish. The 
animals-all experimentally 
naive-were maintained on a 24·h 
feeding schedule. 

APPARATUS 
The apparatus was the same as in 

the previous experiment (Woodard 
et al, 1971). The pigeons worked with 
a panel containing a single Plexiglas 
key of conventional design, which 
could be illuminated by colored lamps, 
and the apert ure of a grain magazine. 
The manipulandum for the goldfish 
was a Plexiglas key of special design, 
which could be illuminated with 
colored lamps and through wh ich 
liquid food could be pumped. All 

even ts of the experiment 
programmed auto matically, 
response times were recorded 
printing counter activated by a 
generator. 

PROCEDURE 

were 
and 

by a 
pulse 

Response to a white key was shaped 
in diserete trials separated by intervals 
of darkness. A single contact with the 
key was reinforced to begin with, and 
then the response requirement 
gradually was inereased to 20 pecks 
for the pigeons and 10 presses for the 
goldfish. When response times had 
stabilized, the key was illuminated by 
colored lamps, red on half of each 
day's 40 trials and green on the 
remaining trials, in GelIermann orders. 
Pretraining with the two eolors 
continued for 20 days, but in this 
experiment (unlike the previous one in 
which response to both colors was 
consistently reinforced), response to 
each color was reinforced on onlv half 
the trials, again in GelIermann o~ders. 
that is, each color was positive on 10 
trials and negative on 10 trials eaeh 
day. 

The procedure for the pigeons on 
each trial was to illuminate the key 
with one of the two eolors after an 
intertrial interval of 30 sec in darkness, 
during which any response to the key 
was penalized by the resetting of the 
interval timer. On positive trials, there 
was no trial limit; the 20th peck 
(whenever it occurred) turned off the 
keylight, turned 011 the white lamp 
which illuminated the feeder aperture, 
and presented the grain tray for 3 sec, 
following which the next intertrial 
interval began. On negative trials, 
response had no effect; the stimulus 
stayed on for 30 sec irrespective of the 
animal's behavior. The measure of 
performance on eaeh trial was the time 
in seconds between the presentation of 
the stimulus and the occurrence of the 
20th peck (if it oecurred in 30 sec or 
less). When fewer than 20 pecks were 
made in 30 sec, a score of 30 sec was 
recorded. The procedure for the 
goldfish was the same as for the 
pigeons, except for the response 
requirement and the duration of the 
reinforcement cycle. On a reinforeed 
trial, the 10th contact with the key 
ehanged its color to white, eaused a 
drop of food to be delivered, and 
initiated a 10-sec period, during which 
each further contact with the key 
produced an additional drop of food. 
For both groups of animals, there were 
two magazine presentations for 
purposes of warm'up before the first 
trial of each session. 

In the original problem (Reversal 0), 
red was consistently reinforced (8+) 
and green was consistently 
unreinforced (S-). In the first reversal 
(Reversall), green was S+ and red was 
S-; in Reversal 2, red was 8+, and so 
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Fig. 1. The discriminative performance of the pigeons and the goldfish at 
va:rious stages of reversal training. 

forth, through Reversal 14. For the 
pigeons, there were 2 days of training 
in Reversal 0, but performance was 
paorer than anticipated on the second 
day af Reversal 1, and the number af 
days per reversal was increased to 4. 
For the goldfish, whose ea:rly 
performance was poorer than that of 
the pigeons, there were 3 days of 
training in Reversal 0 and 5 days of 
training in each of the subsequent 
reversals. 

RESULTS 
The princlpal results of the 

experiment are summarized in Fig. 1, 
which shows the performance af the 
animals in the original discrimination 
(Reversal 0), in early reversals (1-2), 
and at asymptote (Reversals 9,14). 
The curves are platted in terms of 
mean loge(t + 1) per trial for blocks of 
five trials, where t = time in seconds. 

The results for the pigeons are quite 
like those of our previous experiment 
(Woodard et al, 1971). The rate of 
discrimination in Reversal 0 was 
same\.'hat less rapid than befare 
(perhaps because of the pretraining 
with partial reinforcement) and so also 
was the rate of discrimination in the 
early reversals (in part perhaps for the 
same reason and in part because 4 days 
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of training instead of only 2 days of 
training per reversal may have 
produced stronger preferences to be 
overcome). N evertheless, there was 
rapid improvement in performance 
over reversaIs-the interaction of 
reversals, in blocks of two to balance 
color, with stimuli (F = 12.28, 
df = 6/42) was highly significant 
(p < .01 )-and the course of 
improvement was much the same as in 
the earlier experiment. 

One factor in the improvement was, 
again, a decline in the temporal 
stability of inhibition. The pigeons 
responded much more readily to S+ 
(the previously unreinforced color) at 
the outset of the earlier reversals than 
at the outset of the latt'r reversaIs; 
analysis of response to S+ shows a 
significant interaction of reversal 
blocks with days (F = 6.11, 
d f = 1 8 / 1 2 6 , P < . 0 1). Another 
indication of a decline in the temporal 
stability of inhibition is given by the 
greater difference in earlier as 
compared with later reversals between 
time of response to S- on the last trial 
of Days I, 2, or 3 and the first trial of 
the following day (F = 4.49, df = 6/42, 
p< .01). No such change is evident in 
the scores for S+ (F < 1). 

A second main factor in the 
improvement shown by the pigeons 
was, as before, an increase in the rate 
of inhibitory development within 
sessions. The magnitude of this change 
is masked to so me extent by the 
blocking of trials; the asymptotic rate 
of inhihitor)' development found here 
is even greater, in fact, than that 
shown in the trial-by·trial plots given 
in the report of the previous 
experiment. The significance of the 
change is shown by an interaction of 
reversal blocks with trials (F = 3.73, 
df = 18/126, p < _01) in the data for 
S-. The same interaction in the data 
for S+ is negligible . 

Again in this experiment, the 
difference between performance on 
reversal days (Day 1) and nonreversal 
days (2-5) declined progressively over 
reversaIs-there was a highly significant 
interaction of stimuli with days and 
reversals (F = 11.26, df = 18/126, 
p < .01 }-but it did not entirely 
disappear. At asymptote (ReversaIs 
9-14), there still was significant 
variation over days in response to g
(F = 6.43, df =' 9/63, p < .01), 
although not in response to S+. In this 
respect, too, the results resemble those 
obtained before. 

The results for goldfish are not, 
however, like those previously 
o btained. Progressive improvement 
appeared once more-the interaction 
of reversal blocks and stimuli was 
substantial (F = 4.83, df = Gr36, 
p < .01 }-but the pattern of change 
was different. In the previous 
experiment, improvement aver 
reversals could be traced to a general 
slowing of response to both stimuli 
which was greater for S- than for S+. 
Here, there was a general speeding of 
response to S+. Variation in response 
time with reversal blocks was highly 
significant for S+ (F = 11.54, 
df = 6/36, p < .01), but not for S
(F = 1.29, df == 6/36, p > .05). 
Although the difference between S+ 
and S- scores increased over reversals, 
no clear evidence could be found of a 
change over reversals in the rate of 
discrimination within reversals. It 
should be noted that speed of response 
to the two stimuli declined 
substantially in pretraining with the 
s h i ft from consistent to partial 
reinforcement, and the animals began 
Reversal 0 with response speeds much 
lower than in the previous experiment. 
There was room here then for increase 
in speed, which there was not before. 

DISCUSSION 
The present results for pigeons 

provide further indication of the 
generality of a pattern cf improvement 
which was shown by pigeons in 
previous experiments with singly 
presented stimuli and which has 
appeared also in experiments with rats 
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(Davenport, 1959; Khavari & Heise, 
1967). The improvement in habit 
reversal shown by these animals in 
choice situations has two principal 
components. One is a decline in 
negative transfer from problem to 
problem which has been attributed to 
proactive interference. The results 
obtained in single-stimulus situations 
suggest that the change is due to a 
decline in the stability of inhibition, 
an idea which is compatible with the 
interference interpretation on the old 
Paviovian assumption that inhibition is 
particularly susceptible to 
in t e rf erence. A second principal 
component of the improvement found 
in choice situations is an increase in 
the rate of discrimination within 
problems. The single-stimulus results 
suggest that it is due to an increase in 
the rate of inhibitory development, an 
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idea for which no interpretation of the 
effect yet offered prepares uso The 
possibility must, however, be 
considered that the mechanisrns of 
improvement in the two situations are 
not entirely the same. 

The present results for goldfish are 
clearly different from those of the 
previous experiment, perhaps because 
of the difference in pretraining or the 
greater amount of training per reversal, 
but in neither case is the course of 
improvement or the asymptotic 
behavior the same as in pigeons. Our 
own suspicion is that the changes 
which appear in the two experiments 
represent nothing more than gradual 
adjustments in response speed to 
changing cumulative frequencies of 
reinforcement and nonreinforcement. 
In any case, our failure to find in 
goldfish the pattern of performance 

which now seerns to be characteristic 
of pigeons suggests that different 
mechanisms are at work in the two 
forms. 
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