
in the cervical region and spreads 
caudally, involving eventually all parts 
of the body. Movements of the limbs 
are performed at first only in conjunc- 
tion with the body; they become in- 
dependent a few days after the incep- 
tion of motility. Motility is periodic 
in both forms; activity phases alternate 
with inactivity phases. Embryos become 
sensitive to exteroceptive stimulation a 
few days after the onset of motility, a 
demonstration of the nonreflexogenic 
nature of early motility. In both forms, 
movements are apparently random; the 
right or left, fore or hind limbs move 
without evidence of coordination. In 
brief, this pattern seems to be char- 
acteristic of these two amniote groups, 
reptiles and birds. 

The main difference between chick 
and turtle embryos is in the profile of 

percentages of activity during incuba- 
tion. The chick reaches high levels of 
activity, 80 percent by day 13, which 
are maintained until just before hatch- 
ing. In the turtle maximum activity 
is reached about halfway through the 
incubation period and has a mean value 
of only 50 percent; it is not sustained. 
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Although pigeons are routinely 
trained to peck a key for food, they 
have not been so easily trained to peck 
a key to escape or avoid electric shock. 
The difficulty seems to be due, at least 

partly, to variations in the pigeons' sen- 

sitivity to shock. In previous studies 
with a simple response such as head- 

lifting to escape and avoid shock, the 
shock intensity had to be adjusted daily 
in order to maintain responding (1). 
With key-pecking it was necessary to 
continually adjust shock intensity, even 
from moment to moment (2). 

Yerkes and Dodson (3), using rats, 
found that as a task becomes more 
complex a given criterion of learning 
can be attained only with a progres- 
sively narrower band of shock inten- 
sities. Intensities below this band pre- 
sumably do not sufficiently motivate 
the response while intensities above the 
band elicit responses, emotional or oth- 
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Periodic activity declines from this point 
until shortly before hatching. 

The attenuated incubation period of 
the turtle, coupled with its low levels 
of total activity, make it an excellent 
animal for use in studies of the qualita- 
tive as well as the quantitative aspects 
of embryonic behavior. 
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erwise, that interfere with the response 
being learned. Perhaps the band of in- 
tensities which could support key-peck- 
ing in the pigeon is too narrow for 
informal adjusting procedures to keep 
the intensity of shock within it. The 
present experiment was designed to per- 
mit automatic adjustment to the effec- 
tive band of shock intensities. Trains 
of brief shocks of gradually increasing 
intensity were presented. Since the 
tensity increased gradually, several 
shocks were presented within any band 
of reasonable width. If fluctuating sen- 
sitivity to shock were the main source 
of difficulty in shaping escape respond- 
ing in the pigeon with manual adjust- 
ment of intensity, such responding 
should be easily shaped and maintained 
by this procedure, and the birds' re- 

sponding should reveal the range and 
stability of the lower limit of the effec- 
tive band. 
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Fig. 1. Normalized cumulative distrbutions 
for subject 319. The distributions represent 
the percentage of total responses made at 
or before each interval of pulses on the 
abscissa. Different slots are for different 
rates of increase. Due to the range of 
interresponse times at different rates of 
increase of shock, the distributions are 
based on geometrically increasing intervals 
of pulses. The abscissa values are given 
in terms of pulses of shock. Since these 
occurred at the constant rate of two per 
second, the abscissa values can be con- 
verted to seconds if they are divided by 
two. 

Four pigeons, allowed free feeding 
in their home cages, were run once 
a day in a chamber containing an over- 
head light and a response-key. Shock 

pulses (35 msec long) were delivered 
at a rate of two per second through 
gold wires imbedded under the pigeon's 
pubis bones. The shocks increased line- 
arly in intensity from 0 to 8.5 ma. 
Pecks on the key, while the shock was 
increasing or after it had reached max- 
imum, reset the shock to zero and 
turned off the overhead light for 3 sec- 
onds. Then the light came back on and 
shock began to increase again. 

Shock was 400-v alternating cur- 
rent passed through a fixed resistance 
of 25 kohms and a motor-driven variac. 
A gear-changer and a clutch were 
arranged so that the shock intensity in- 
creased from 0 to 8.5 ma at a constant 
rate (set by means of the gear-changer). 

One subject (436) was trained pre- 
viously to peck a key for food. Two 
other subjects (270 and 319) were 
trained to peck a key for food, and 
then the response was extinguished. 
They did not peck the key when first 
tested with the present procedure. Key- 
pecking was established by setting the 
rate of increase of shock at 20 ma/min, 
increasing the maximum intensity from 
8.5 ma to 15 ma, and reinforcing suc- 
cessive approximations to key-pecking 
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rate of increase of shock at 20 ma/min, 
increasing the maximum intensity from 
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by reducing the shock suddenly to zero 
for about 5 seconds. A fourth subject 
(499) had not been in any previous ex- 

periments. Key-pecking for escape was 
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Training and Maintenance of Keypecking 
in the Pigeon by Negative Reinforcement 

Abstract. Pigeons were trained to peck a key to escape a pulsing shock of 
linearly increasing intensity. As the rate of increase was varied from 0.0374 
milliamperes per minute to 37.4 milliamperes per minute, the intensity at which 
most pecking occurred varied from 2.2 to 5.0 milliamperes. 
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established as it was for subjects 270 
and 319, except the key had mounted 
on it a clear plastic extension protrud- 
ing into the chamber 1.3 cm; this ex- 
tension was removed after training. 

After training, the rate of increase 
of shock was changed every 5 days 
through a series of values that varied 
between 0.0374 ma/min and 37.4 
ma/min, except for subject 499 who 
was not tested at low rates of increase. 
This procedure maintained stable key- 
pecking behavior in all subjects. Only 
at the highest and lowest rates of in- 
crease in shock intensity was key-peck- 
ing irregular for some subjects. At 
0.187 ma/min and below, subject 270 
responded randomly with respect to 
shock intensity. At the highest rates of 
increase, subjects 319 and 436 stopped 
pecking (319 at 37.4 ma/min and 436 
at 7.48 ma/min). Data from these birds 
at these extreme values are not included 
in the figures. 

Performance after initial training is 
shown by the set of curves in Fig. 1 
which describes a set of normalized 
cumulative distributions of interresponse 
times for a typical subject. In order 
to show all the functions for one sub- 
ject in a single figure, the class inter- 
vals increase in width geometrically. 
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For the more rapid rates of 
increase, the slopes of these cu: 
quite steep; the spacing of re 
was relatively precise. For the 
rates of shock increase (0.1 
0.0374 ma/min), the slopes w 
steep, indicating that the spa 
responses was more varied. 1 
placements of these curves al 
abscissa indicate that the subji 
spending was largely determi 
the instantaneous shock intensi 
er than by the time since the 
sponse. If the subjects had te 
respond at equal time interval 
garding the rate of increase o 
the distributions would have bee 
imposed. 

Although shock intensity 
main determiner of responding 
currence of a response was n 
pendent of the rate of change 
intensity. Figure 2 shows the rels 
between time and intensity mo 
ly. The heavy line shows the 
interresponse time distributior 
as in Fig. 1) for each subject as 
tion of the rate of increase c 
The curve fits a straight line 
-0.92. The mode interrespor 
ranges from about 10 minutes a 
ma/min to about 3 seconds 
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Fig. 2. A log-log plot of the modes of the distributions of interresponse tin 
line, left ordinate) and intensity at which responding occurred (thin line, right 
as a function of rate of increase of shock intensity. 
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f shock ma/min. The slight deviation of this 
rves are slope from 1 indicates that the shock 
esponses intensity producing most responding 

slower changed slightly with the rate of shock 
87 and increase. The path of this change is 
7ere less shown directly by the thin line. The in- 
Lcing of tensity producing the most key-pecking 
The dis- ranges from about 2.2 ma, for slow 
ong the rates of increase, to about 5 ma, for 
ects' re- high rates of increase. In general, the 
ined by more rapid the rate of increase in 
ty, rath- shock intensity, the higher the level of 
last re- shock tolerated within a small range. 

nded to This confirms the findings of Weiss and 
s, disre- Laties (4) that rats, monkeys, and hu- 
f shock, mans tolerate more shock when they 
n super- must respond more frequently to reduce 

shock. 
was the Two main features of the present 
,the oc- procedure may contribute to the effec- 
tot inde- tive maintenance of key-pecking. First, 
in shock the procedure permits continuous track- 
ationship ing of the shock intensities that can 
re clear- maintain pecking. However, this may 
mode of be of minor importance except when 
Is (such shock onset is extremely gradual, for 
s a func- this range appears to have remained 
>f shock. quite stable under most conditions. 
of slope More important appears to have been 
ise time the second feature, the presentation of 
it 0.0374 shock by gradual increase instead of by 
at 37.4 sudden onset. However, although rate 

of shock intensity increase is established 
as a variable that controls responding, 
the present experiment does not estab- 
lish conclusively that gradual rates of 
increase are essential for escape condi. 
tioning with the pigeon. For example, 
although key-pecking was not main- 

50 tained at very high rates of increase, 
< this may have been because the criti- 

cal intensities were passed over before 
the subjects had a chance to respond. 
Or it may have been because the periods 

10 jj of "escape"-that is, periods of sub- 
Z aversive shock intensity-were too short 
L-. to provide adequate reinforcement for 
z the maintenance of responding. 
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