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Fig. 3. The sequence of appearance of 19S 
yM and 7S yG antibodies in the circulation 
of a fetal lamb at 131 days gestation, after 
injection with 3 X 109 plaque-forming units 
of bacteriophage OX174. 

lamb in utero are qualitatively similar 
to those reported for premature human 
newborns and older children (8, 9), 
for newborn and adult guinea pigs 
(5, 7), and for adult rabbits (10). 
These features include the initiation 
of immune elimination of antigen dur- 
ing the 2nd day after immunization, 
the formation of 19S LM antibodies 
with a rapid initial doubling time un- 
accompanied by appreciable 7G anti- 
body formation when small doses of 
antigen are used, and subsequent for- 
mation. of yG antibody in response 
to larger doses of. antigen. Even 
in its quantitative aspects, moreover, 
the fetal response appears to be con- 
sistent with that observed in more ma- 
ture individuals, with allowance made 
for the reported difference in the de- 
gree of response (8) to different 
batches of bacteriophage pX174 anti- 
gen. Thus the initial .yM antibody titers 
in the serums of immunized fetuses in- 
creased, the doubling time being about 
10 hours, whereas within 1 week of 
immunization the amount of antibody 
detectable in the blood was 103 to 104 

times the minimum detectable amount, 
with continued increase in antibody 
levels thereafter. A correction of the 
foregoing values for the rapid growth 
of the fetus added to a correction for 
the large volume of extracorporeal 
blood in the placenta would result in 
higher estimates of the amount of se- 
rum antibodies formed at any given 
time after immunization. We were, un- 
fortunately, unable to compare the fetal 
lambs' response with that of adult 
sheep, owing to the presence of a 
phage-neutralizing factor, presumably 
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antibody, in the adult serums. The sim- 
ilarity of response in the three differ- 
ent species mentioned above suggests, 
however, that the aforesaid features of 
the response are probably typical of 
the mammalian response to this anti- 
gen. 

Our data imply that, once the de- 
veloping fetus is able to respond in 
any specific manner to antigenic stimu- 
lus with the relatively strong immuno- 
gens thus far examined, it manifests no 
significant immaturity in any of the 
attributes of this response. In this re- 
spect, these data are in agreement with 
those cited above on the earliest mani- 
festation of specific .homograft rejec- 
tion by the fetal lamb, and they agree 
also with other data (11) that the ear- 
liest antibody response by the fetal 
rhesus monkey in utero involves the 
same proportion of its total population 
of lymphoid cells as is employed by 
the mature animal (11). 
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Discrimination Learning 

and Inhibition 

Abstract. Pigeons learned to dis- 
criminate between a white vertical 
line on a dark background (S+) and a 
monochromatic circle of light (S-) 
either with or without responses to S- 
(errors). Gradients of inhibition, which 
were centered around S-, and which 
had greater than zero slopes, were 
obtained only from those subjects 
who learned to discriminate with er- 
rors. The results indicate that the oc- 
currence of errors is a necessary condi- 
tion for S- to function as an inhibitory 
stimulus. This finding is consistent with 
other performance differences in sub- 
jects who have learned to discriminate 
with and without errors. 

During the past decade our knowl- 
edge of how a discrimination is ac- 
quired has been considerably enhanced 
by new empirical findings and theoreti- 
cal analyses. The peak shift and be- 
havioral contrast have both been es- 
tablished as reliable characteristics of 
discrimination performance. The peak 
shift, first studied by Hanson (1), 
derives its name from the finding that, 
after subjects are successively trained 
to discriminate between a stimulus cor- 
related with reinforcement (S+) and 
a stimulus not correlated with rein- 
forcement (S-), the peak of a gen- 
eralization gradient does not occur 
at S+ but is instead shifted away 
from S-. Behavioral contrast, a 
phenomenon studied by Reynolds (2), 
was originally called "induction" by 
Pavlov (3) and was later referred to as 
"contrast" by Skinner (4). The term 
refers to an increase in the strength of 
the response to S+ that accompanies 
a decrease in the strength of the re- 
sponse to S- during discrimination 
training. Behavioral contrast derives its 
name from the fact that the rates of 
responding to S+ and S- diverge. 
According to classical generalization 
theory, these rates should converge (5). 

Recent experiments on "errorless" 
discrimination learning suggest a pos- 
sible relationship between the peak 
shift and contrast (6). Errorless dis- 
crimination learning is achieved by 
starting discrimination training im- 
mediately after the response to S+ 
has been conditioned with a large S?- 
S- difference that is progressively 
reduced to its final -smalleir value. These 
experiments show that a subject can be 
trained to discriminate without the oc- 
currence of responses to S- (errors), 
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and that many characteristics of dis- 
crimination performance usually ob- 
served after a subject learns to discrimi- 
nate with errors are absent after that 
subject learns to discriminate without 
errors. Neither behavioral contrast nor 
the peak shift, for example, occur after 
the subject learns to discriminate with- 
out errors (6, 7). Other characteristics 
of performance that were absent after 
a subject learns to discriminate without 
errors are gross emotional responses 
(8) and the occurrence of errors that 
are typically observed after the adminis- 
tration of certain tranquilizers (9). 
These differences suggested that S- 
functions differently after a subject 
learns to discriminate with and without 
errors. After a subject has learned to 
discriminate with errors, S- appears to 
function as an inhibitory stimulus; after 
discrimination is learned without errors, 
S- appears to function as a neutral 
stimulus. 

A theoretical analysis by Jenkins 
(.10) of inhibition in discrimination 
learning suggested a way of directly ob- 
serving the inhibitory function of S-. 
Jenkins argued that an inhibitory stimu- 
lus can be considered to control the 
tendency not to respond in a manner 
analogous to the way that an excita- 
tory stimulus controls responding. The 
existence of both types of control is 
determined by varying S+ and S- in 
a generalization test. Just as the control 
of excitation is determined by varying 
S+ and observing to what extent the 
tendency to respond decreases as the 
distance between a test stimulus and 
So is increased, the control of in- 
hibition may be determined by varying 
S- and observing to what extent the 
tendency not to respond increases as 
the distance between a test stimulus 
and S- increases. 

In a generalization test in which 
gradients around both S+ and S- are 
obtained, Jenkins also points out that 
S+ and S- should be varied inde- 
pendently of each other so that a change 
in the distance between a test stimulus- 
and S- does not affect the distance 
between that test stimulus and S+. 
This can be done by selecting S+ and 
S- from different continua. If S+ and 
and S- were from the same continuum, 
a change in response frequency could 
be attributed either to a change in the 
distance 'between the test stimulus and 
S+- or to a change in the distance be- 
tween the test stimulus and S-. Jenkins 
and Harrison (11 ) and Honig et al. 
(12) have obtained empirical gradients 
of inhibition from individual subjects, 
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after they were trained to distinguish 
between stimuli from different continua. 
These gradients serve as -an effective 
answer to Skinner's position on inhibi- 
tion, which holds that inhibition is 
merely another name for a decrement 
of excitation and that changes in 
response frequency can be entirely ac- 
counted for in terms of different 
magnitudes of excitation.. 

The present experiment is an at- 
tempt to test the hypothesis that S- 
does not function as an inhibitory stim- 
lus after a subject has learned. to dis- 
criminate without errors. Subjects were 
trained to discriminate, with and with- 
out errors, between stimuli from two 
different continua; the shapes of the 
gradients centered around S- were then 
examined. A U-shaped gradient, with 
a minimum at S-, would indicate that 
So was an inhibitory stimulus, while 
a flat gradient would indicate the 
absence of any inhibitory function, 

The 'experiment was performed in a 
standard operant conditioning appara- 
tus (13) which contained a single cir- 
cular key, 2.54 cm in diameter, 10.16 
cm above the opening to the food 
hopper. An optical system, consisting 
of a high-intensity point source, a col- 
limating lens, and a solenoid-operated 
dual filter box, could project onto the 
back of . the key any one of 15 uni- 
formly-bright monochromatic stimuli, 
or a 32-cm white diameter on a black 
background in any one of nine equally 
spaced orientations. The half-widths of 
the monochromatic stimuli were each 
less than 15 nanometers (nm). 

The subjects were eight white Car- 
neaux male pigeons that were main- 
tained at 80 percent of their free-feed- 
ing weight throughout the experiment. 
None had been used in previous experi- 
ments. 

During the conditioning sessions and 
the 1.4 subsequent sessions of nondif- 
ferential training, the stimulus on the 
response key was a white vertical (00) 
line on a dark background (S+). 
At the end of each minute the key 
was darkened for 2 seconds. These 2- 
second time-out periods were later used 
during the discrimination and generali- 
zation sessions to change the value of 
the discriminative stimuli. Responses 
were never reinforced during the time- 
out periods. During discrimination 
training, 'which beganIafter 14 sessions 
of nondifferential training, S? was al- 
ternated with 5- in a random se- 
que~nce. For six subjects (birds 131, 
1.38, 140, 141, 142, and 144) the value 
of 5- was 580 nm; for the remaain- 

ing two subjects (birds 122 and 123) 
the value of S- was 550 nm. Re- 
sponses to S+ during both the nondif- 
ferential and- the differential reinforce- 
ment sessions were reinforced on a 1- 
minute variable-interval schedule, a 
schedule that reinforced the first re- 
sponse that occurred after an interval 
whose average value was 1 minute 
(13). Each session was terminated after 
25 reinforcements. 

During discrimination training each 
presentation of S- lasted 1 minute. 
The duration of S- was also 1 minute, 
unless the subject responded to S-. 
Each response to S- delayed the termi- 
nation of S- for 30 seconds. This pro- 
cedure insured that responses to S- 
would not be reinforced by the subse- 
quent appearance of S+. 

Since a pilot study indicated that the 
discrimination between a white verti- 
cal line and a circle of monochromatic 
light can be acquired without errors 
with no special training, no explicit at- 
tempt was made to train the discrimina- 
tion without errors by progressively re- 
ducing the difference between S+ and 
S-. After the fifth discrimination ses- 
sion, a generalization gradient of wave- 
length was obtained from each subject. 
No reinforcements occurred during the 
generalization test.--The stimuli during 
the wavelength generalization test were 
490, 510, 520, 530, 540, 550, 560, 
570, 580, 590, 600, 610, 630, 650, 
and 670 nm. S+ was also presented 
during the generalization test. The 16 
test stimuli were presented in four dif- 
ferent random sequences, each time for 
a duration of 1 minute (14). After the 
first generalization test each subject 
received four more sessions of discrimi- 
nation training, after which a generaliza- 
tion gradient of line orientation was 
obtained. No reinforcements were giv- 
en during the generalization test. The 
test stimuli consisted of lines whose 
orientations were z- 900, - 67.5?, 
4 450? + 22.50, and 00. In addition, 
S- (550 or 580 nm) was also included 
in the generalization test, which con- 
sisted of four random sequences of the 
test stimuli, each presented for 1 min- 
ute. After the second generalization 
test each subject received 'three addi- 
tional sessions of discrimination train- 
ing. Each subject was then exposed to 
six sessions of nondifferential train- 
ing during which only S+ was pre- 
sented. Each of the these procedures 
was carried out *on successive days of 
experimentation. 

Half of the subjects learned the dis- 
crimination with few or no errors (birds 
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123, 138, 140, and 141), while the re- 
maining four subjects (birds 122, 131, 
142, and 144) made many responses 
to S-. The range of the number of 
responses to S- of the group which 
was considered to have learned the 
discrimination without errors was 0 to 
19, while the range of errors of the 
group which was considered to have 
learned the discrimination with errors 
was 171 to 1551. 

The rate of responding to S+ for all 
of the subjects who learned the dis- 
crimination with errors increased at the 
start of discrimination training. In three 
instances (birds 122, 142, and 144) the 
rate of responding to S+ reached a 
value that was double the value of the 
prediscrimination rate of responding to 
S+. After nondifferential training was 
resumed, the rate of responding to S+ 
of each subject decreased and ap- 
proached the prediscrimination value. 
The rate of responding to S+ of each 
of the subjects who learned to dis- 
criminate without errors remained un- 
changed throughout the experiment. 
The results confirm the findings of 
earlier experiments (6) which showed 
that contrast develops only when dis- 
crimination learning takes place with 
errors. 

The wavelength generalization gradi- 
ents of each subject who learned to 
discriminate with errors were U-shaped 
functions centered around S- (Fig. 1). 
Each of these gradients was asym- 
metrical with the longer tail occurring 
at the short end of the spectrum; 
the reason for this was not under- 
stood. In other respects these gradi- 
ents confirm the findings of earlier ex- 
periments (11, 12) which have shown 
that the tendency not to respond is 
maximal at S- and decreases as the 
distance between S- and the test stimu- 
lus increases. 

The wavelength generalization gradi- 
ents of the subjects who learned to 
discriminate without errors (Fig. 2) were 
in each case flat, indicating that for 
these subjects the value of S- did not 
affect the tendency to respond. 

No systematic differences in the 
shapes of the gradients of excitation 
were observed as a function of whether 
or not the subjects learned to discrimi- 
nate with or without errors. In most 
cases the gradients of excitation were 
peaked around S+. A peak shift 
would not be expected from the sub- 
jetcts who learned to discriminate with 
errors, since S- was on a continu- 
um orthogonal to the S+ continuum. 

The difference between the shapes 
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of the gradients of inhibition obtained 
from those subjects who learned to dis- 
criminate with and without errors clear- 
ly indicates that S- functions dif- 
ferently in each case. After a subject 

learns to discriminate with errors, S- 
comes to control the tendency not to 
respond in a manner that is in most 
respects analogous but not identical to 
the control S+ exerts over responding. 
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The flat gradients obtained from the 
subjects who learned to discriminate 
without errors indicate that S- did 
not acquire any differential control over 
the tendency not to respond. How- 
ever, responding and other behavior 
cannot be considered as symmetrical 
opposites. The generalization gradients 
shown in Fig. 1 clearly indicate that 
the number of responses to the wave- 
length test stimuli was generally much 
lower than the number of responses 
that occurred to S+, and that the 
gradients of inhibition were not as steep 
as the gradients of excitation. Jenkins 
(10) has suggested that this asymmetry 
between responding and other be- 
havior stems from two different ways 
of classifying other behavior. The first 
class includes responses antagonistic to 
key-pecking, for example, turning away 
from the key or jerking back the head 
after the onset of S-. The second class 
of other behavior includes "anything 
else" or what Skinner would refer to 
as the absence of excitation, for ex- 
ample, grooming, brooding, or pecking 
at objects on the floor of the experi- 
mental chamber. This second type of 
nonresponse is controlled by the ab- 
sence of S+, rather than by a specific 
value of S-. In testing for the gen- 
eralization of the tendency not to re- 
spond, the experimenter is only able 
to record when responses occur, but 
there is no way to determine which 
type of nonresponse was involved. Only 
when the responses which define a 
gradient of inhibition are entirely trans- 
ferred from the first type of nonre- 
sponse (antagonistic) will the gra- 
dients of excitation and inhibition be 
symmetrically opposite. The gradients 
of inhibition shown in Fig. 1 indicate 
that this was not the case. These gra- 
dients were presumably flattened by 
the prevalence of the second type of 
nonresponse. 

Although it is not possible to dif- 
ferentiate between the two types of 
nonresponse, it is nonetheless clear 
that S- controls the tendency not to 
respond, that is, it functions as an 
inhibitory stimulus only after a subject 
has learned to discriminate with errors. 
Thus, different things are learned after 
a subject learns to discriminate with 
and without errors. After learning to 
discriminate with errors, the subject 
learns to respond to S? and not to re- 
spond to S-. This finding was demon- 
strated by gradients of excitation and 
inhibition, each of which had a slope 
greater than zero. After learning to dis- 
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criminate without errors, the subject 
learns to respond to S+ and not to its 
absence. S- does not specifically con- 
trol the tendency not to respond. 

The differences between the gradients 
of inhibition of those subjects who 
learned to discriminate with errors and 
those who learned to do so without 
errors are consistent with the finding 
that a peak shift occurs only after a 
subject has learned to discriminate 
with errors. As Spence's model of dis- 
crimination learning suggests (5), if an 
inverted U-shaped gradient of inhibi- 
tion centered around S- is subtracted 
from a larger gradient of excitation 
centered around S+, then the peak of 
the gradient of excitation will be dis- 
placed away from S-. Since discrimi- 
nation learning without errors results 
in a flat gradient of inhibition, no 
peak shift would result when the gradi- 
ent of inhibition is subtracted from the 
gradient of excitation. 

The occurrence of contrast, however, 
cannot be accounted for in terms of 
interacting gradients of excitation and 
inhibition. An algebraic combination of 
peaked gradients of excitation and in- 
hibition would result in a divergence 
rather than a convergence of the rates 
of response to S+ and S-. The occur- 
rence of contrast after a subject has 
been trained to discriminate between 
stimuli from two different continua sug- 
gests, however, that responses which are 
not reinforced may have an effect that 
is uniformly distributed over all stimuli. 
According to this view, elaborated by 
Amsel (15) and Lawson (16), a non- 
reinforced response to S- results in 
a general elevation of the gradient 
of excitation. Subtracting a U-shaped 
gradient of inhibition from this elevated 
gradient of excitation would still dis- 
place the peak away from S-. This 
appears to be the simplest way to ac- 
count for the fact that the peak shift 
contrast, and U-shaped gradients of 
inhibition occur only after a subject 
has learned to discriminate with errors. 
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Curiosity and Play: Basic Factors 
in the Development of Life 

The article on "Curiosity and Explor- 
ation" by Berlyne (1) contains observa- 
tions on curiosity and exploratory be- 
havior in animals which appeal to any- 
one who has observed young animals at 
play. I believe that this topic and the 
questions connected with it ("Why do 
animals play and explore?" and "What 
do they gain by it?") will take on an 
interesting perspective if we begin with 
the assumption that play is a basic 
feature of life and a main factor in 
its evolution. 

Play involves the recognition that 
there is a possibility for making 
choices. The current picture of physics 
does not admit subjective feelings, and 
has no place for deliberate choice. The 
physical laws concerning molecular proc- 
esses leave open alternatives at each 
step; the quantum theory makes possi- 
ble the calculation of statistical weights, 
but it does not predict the outcome 
of an individual experiment. To have 
an instrument for exploring what sup- 
plemental relations may be introduced, 
it is suggested that in living systems 
there is active a faculty not recog- 
nized in the current physical picture, 
which induces decisions or choices be- 
tween the alternatives. Such a hypothe- 
sis will enable us to construct a link 
with mental activities if we assume that 
the decisive faculty is the carrier of 
subjective aspects such as we find in 
the activities of the mind. In view of 
the continuity of all forms of life, we 
assume that forms of these activities 
are also present in other living beings. 
Within ourselves, we notice that not all 
these processes penetrate the "master 
mind;" evidently processes go on at 
various levels, and it is appropriate to 
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