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Pigeons obtained food reinforcement via a four-response chain that required 
pecking different keys in the presence of different colors. The sequence of 
correct key positions changed from session to session. Errors gradually decreased 
across sessions until a constant minimum range of variability in error levels was 
reached (steady state). Other characteristics of the transition and steady state of 
repeated acquisition (e.g., within-session rate of error reduction) were described. 

Thompson (1970) reported a 
technique for studying variables 
affecting acquisition using an 
individual·S design. Briefly, the 
situation was as folIows: each S 
(pigeon) worked for food 
reinforcement in achamber containing 
three response keys, which could be 
transilluminated with any one of four 
colors. For each session, the pigeon's 
task was to learn a new four-response 
chain by pecking the correct key in 
each group of colors. Eventually, the 
rate of learning (error reduction) 
stabilized from session to session. A 
general discussion of the rationale and 
methodology involved in the study of 
transition and steady states can be 
found in Sidman (1960). 

The purpose of the present report is 
to describe the transition to the steady 
state ("learning to learn") obtained in 
the Thompson (1970) experiment and 
to provide further details about the 
characteristics of the steady state 
itself. Boren (1963) used a similar 
approach and technique with monkeys 
to produce a steady state of repeated 
acquisition. However, Boren's focus 
was on the steady state as a behavioral 
baseline to study the effects of 
time-out and "instructional" stimuli 
(Boren, 1963; Boren & Devine, 1968) 
and adventitious reinforcement 
(Boren, 1969) rather than on the 
transition to this steady state. 

SUBJECTS 
The Ss were two 5-year-old male 

experimentally naive White Carneaux 
pigeons. They were maintained at 80% 
of free-feeding weight. Water was 
always available in the home cages. 

APPARATUS 

associated relay circuitry; the 
recording was by counters and a 
20-pen event recorder. White noise was 
continuously present in the chamber 
to mask extraneous sounds. 

PROCEDURE 
Throughout the following 

procedures, the primary reinforcer was 
food (5-sec access to mixed grain). 
Presentation of the food magazine was 
accompanied by the offset of the 
keylights, the offset of the houselight 
(which was on only during magazine 
training and shaping), and the onset of 
the magazine light. Each session 
terminated after 60 food 
presentations. A "blackout" (all lights 
off) of variable duration preceded and 
followed each session. With few 
exceptions, there were six daily 
sessions a week. 

Preliminary Training 
Preliminary training included 

magazine training, shaping of key 
pecking, and reinforcing pecks on each 
of the three keys, which were 
transilluminated with white lights. The 
birds were then trained to make a 
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The apparatus was a standard 
three-key pigeon chamber (LVE 
Model 1519B) and connecting 
automatie control equipment. The 
scheduling of events was accomplished 
by means of timers, steppers, and 12 18 24 
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chain of responses. At first, food 
presentation was contingent upon a 
chain of two responses. The three keys 
were transilluminated with red lights, 
and a peck on any key changed the 
lights to white. Then, when the bird 
pecked any of the white keys, it 
received food, after whieh the red 
keylights reappeared, etc. In the same 
way, the chain was extended gradually 
to include the two other colors. Thus, 
the bird pecked the keys four times, 
once in the presence of the yellow, 
green, red, and white lights, with the 
final peck followed by access to grain. 
This preliminary training required four 
sessions. 

Baseline 
The fifth session was the first 

baseline session. Only responses on 
specified keys in the presence of each 
set of colors led to food presentation, 
e.g., keys yellow-left correct; keys 
green-right correct; keys red-center 
correct; keys white-right correct; 
food. The same sequence (LRCR) was 
repeated throughout the session. When 
the pigeon pecked an incorrect key (a 
key not included in the above 
sequence), the error was followed by a 
15-sec time-out. During the time-out, 
the keylights were off and a response 
had no effect. An error did not reset 
the sequence, Le., the keylights after 
the time-out were the same color as 
before the time-out. For convenience, 
each completion of the sequence was 
considered a "trial," even though there 
was no "i ntertrial interval " as 
conventionally defined. The errors 
made during a trial were recorded 
separately for each color, and their 
reduction during a 60-trial session was 
taken as an index of the rate of 
learning. 

The sequence of correct key 
positions was changed from session to 
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Fig. 1. Total errors across sessions for one S. The chained sequence of correct 
key positions was changed from session to session. 
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Fig. 2. Total errors across trials within selected sessions from Fig. 1. The 
chained sequence of correct key positions was the same from trial to trial within 
a given session. 

session. Following Boren, the 
sequences were carefuUy selected to be 
equivalent in several ways, and there 
were restrietions on their ordering 
across sessions. First, a correct color 
position in one session was not 
repeated in the folJowing session. 
Second, simple orders, such as the left 
key in each group of colors, were 
avoided. In the present research, 
adjacent positions in each sequence 
were always different, although each 
position occurred at least once. Third, 
within a set of six sequences, each key 
position appeared equally often 
(twice) in each color. An example of a 
typical set of six sequences is as 
folIows: LRCR, CLRL, LRLC, RCRL, 
CLCR, RCLC. The order of the 
associated colors was always the same: 
yellow, green, red, white (food). 

RESUL TS AND DISCUSSION 
Figure 1 shows the transition to the 

steady state of repeated acquisition for 
one S in terms of total errors per 
baseIine session. As can be seen, there 
was adefinite down ward trend in error 
levels as the sessions continued, with 
the sharpest drop occurring during the 
first set of six sessions. The variability 
in error levels also appeared to 
decrease across sessions until a 
minimum range of variability was 
obtained (steady state). During the last 
30 baseline days (Sessions 25-54), 
almost all of the data points fell within 
the range of 150-350 errors. 
Experimentation after Session 54 
(Thompson, 1970) and subsequent 
research have indicated that the total 
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errors per baseIine session remain 
within this range indefinitely for this 
S. 

In general, the variability in total 
errors did not seem to be related to 
the specific chained sequences 
employed. However, there were two 
exceptions worth noting: (1) Any 
sequence in which the correct key 
positions required LCR or RCL 
responding tended to be easier to learn 
than the others. For example, Sessions 
32 (RLCR), 34 (LCRL), 38 (CLCR), 
41 (RCLC), 48 (CRCL), 52 (LCRL), 
and 53 (RLCR) were all associated 
with relatively low error levels (Fig. 1). 
(2) AI though the ordering of 
sequences across sessions was 
restricted so that a particular sequence 
for one session would not be repeated 
in the following session, there was one 
occasion during the first 54 baseIine 
sessions in which a sequence was 
repeated after only one intervening 
session involving a different sequence. 
Sessions 23 and 25 both involved the 
same sequence (LCLR), and this 
probably accounts for the relatively 
low level of errors during Session 25 
(Fig. 1). The error levels were not 
unusual if two or more sessions with 
different sequences intervened 
between sessions with the same 
sequence. Both of the above 
observations have been confirmed 
repeatedly by subsequent research. 

Figure 2 shows the within-session 
learning curves for the first and last set 
of six sessions under the baseline 
conditions for the S whose total errors 

per session were shown in Fig. 1. As 
can be seen, the learning curves for the 
first six sessions were quite variable 
when compared to the last six sessions 
of baseline. The relatively narrow 
range of variability between learning 
curves for Sessions 49-54 was 
subsequently maintained for this S as 
long as the baseline conditions were in 
effect. It should be no ted that 
aIthough the errors showed a 
systematic decrease during each 
session, the lowest level of errors was 
still somewhat above zero (cf. Boren & 
Devine, 1968). However, there was no 
evidence that these errors represented 
"superstitious" responses within the 
reinforced chain (cf. Boren, 1969). 

Taken together, the transition data 
in Figs. 1 and 2 can be considered to 
i1Iustrate two types of learning: 
(1) learning within each session, as 
shown by the systematic decrease in 
errors across trials, and (2) "Iearning 
to learn" or "Iearning set formation" 
(Harlow, 1949; Zeigler, 1961), as 
shown by the gradual decrease in total 
errors across sessions. Presumably, the 
within-session transition involved 
learning to respond to a specific key 
position (left, center, or right), 
depending on the presence of a 
specific color (yellow, green, red, or 
white). That the different colors were, 
in fact, controlling the behavior in this 
"conditional discrimination" has been 
demonstrated (Thompson, 1970). The 
between-session transition may have 
involved learning more subtle "rules 
for reinforcement" (Goldiamond, 
1966) such as the restrietion that the 
position of the correct key always 
changed when the chained sequence 
advanced a step to the next color. In 
short, this "win-switch" rule could 
have been learned through the 
repeated acquisition of the different 
behavioral chains. Of course, the 
"Iearning to learn" could have 
involved the other restrietions made 
on the ordering of the seq uences of 
correct key positions across sessions 
(see Procedure) or still other variables. 
However, the present research was not 
designed to isolate the basis for such 
learning. 

An inspection of the distribution of 
errors across the four serial positions 
in the chained seq uences for the 
transition and steady-state sessions 
revealed no discernible pattern or 
gradient. In general, there was great 
variability in the error distributions 
throughout these sessions, even after 
the baseJine had stabiJized in terms of 
learning curves (Fig. 2). Subsequent 
experimentation involving over 200 
baseline sessions has suggested that 
such variability persists indefinitely. 
Boren (personal communication) has 
made the same observation with 
monkeys und er similar conditions. 
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Although the measures involving 
errors were the data of major interest 
in the present research, there were 
other characteristics of the transition 
and steady state that should be 
mentioned. With regard to the total 
time required to complete the 60 trials 
of each session shown in Fig. 1, this 
varied from almost 8 h for the first 
session to about 1 h for the last 
session; the range for the last set of six 
sessions (55·95 min) is representative 
of the steady-state session times. Of 
course, a substantial part of the session 
time was the time spent in the 15·sec 
time·outs that resulted from incorrect 
responses. Considering only the total 
trial time (i.e., the total time that the 
keylights were on during a session), 
this varied from almost 320 min for 
the first session to about 10 min for 

the last session; the range for the last 
set of six sessions (8-13 min) is 
representative of the steady-state total 
trial times. A final characteristic of the 
transition and steady state was the 
negligible amount of responding 
during time·out. Such responding 
ranged from 0 to 5 throughout each 
session shown in Fig. 1. 

In general, all of the comparative 
aspects of the transition and steady 
state mentioned above were replicated 
with the other S, the only important 
difference being that the minimum 
ranges of variability (errors, session 
times, trial times, etc.) were somewhat 
greater for the second S. 
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