
Slant Perception and Shape Constancy in Infants 

Abstract. Three experiments investigated shape constancy in human infants 
between 50 and 60 days of age. The first showed that such infants possess some 
capacity for shape constancy. The second confirmed this finding and showed that 
the capacity is not attained by correlation of perceived projective shape with 
perceived orientation. 

Earlier (1) I presented evidence that 
human infants between 40 and 70 days 
of age display some degree of size 
constancy. The research I now report 
was designed to discover whether such 
infants are also capable of shape con- 
stancy; the problem is of theoretical 
interest. Strong empiricist theories of 
perception (2) tend to assume that 
shape constancy only becomes possi- 
ble when the organism has become 
familiar with all possible retinal pro- 
jections of an object; they assume that 
one learns how an object looks in vari- 
ous orientations, and that one infers 
from seeing a recognized "look" of 
an object that one is seeing that ob- 

ject x in some particular orientation. 
Obviously these theories would be re- 
futed by any demonstration of shape 
constancy with infant subjects and un- 
familiar shapes. A second major class 
of theory (3), which assumes that 
shape constancy is attained by corre- 
lation of projective or retinal shape 
with perceived orientation, has not 
been confirmed with adult subjects (4); 
its adherents claim that this is be- 
cause by adulthood the correlation pro- 
cess has become so automated that its 
components cannot be separately re- 
ported. If the hypothesis were true, it 
should surely be demonstrable with in- 
fant subjects. My resul,ts indicate that 
50- to 60-day-old infants do manifest 
some degree of shape constancy and 
that it does not result from correla- 
tion of perceived projective shape with 
perceived orientation. 

The first experiment used eight in- 
fants 50 to 60 days old. The infant 
under test reclined in an infant seat 
placed on a brown, wooden table, at 
45 deg. His head was clasped between 
two yielding pads, the left pad contain- 

ing a microswitch whose closing operat- 
ed an event recorder placed beneath 
the table. Immediately before each in- 
fant seat an experimenter was stationed 
beneath a gap in the table. When the 
event recorder closed, the experimenter 
emerged and 'peek-a-booed' at the in- 
fant. Two meters from each infant's 
eyes a wooden board, 25 by 50 by 
2.5 cm, was placed on a turntable. 
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The board, of unfinished white wood, 
stood on its long edge, turned 45 deg 
anticlockwise from the infant's fronto- 
parallel plane; its center of rotation 
lay in the infant's medial plane. The 
room was otherwise unfurnished; the 
walls were of coarsely textured brick. 
Illumination was provided by a roof 
light of the same length as the table, 
which minimized shadows. The experi- 
menter could introduce a screen be- 
tween himself and the infant for stim- 
ulus changes and rest periods. 

During training, the board in the 
above orientation served as condi- 
tioned stimulus (CS); the leftward 
head movement, as conditioned re- 
sponse (CR); and the "peek-a-boo," 
as reinforcement. Initially the infants 
were trained to respond only in the 
presence of the CS. After this was 
accomplished, behavior was shaped in 
daily 30-minute sessions until the in- 
fants were working at a rate of 
one response per 2.0 seconds on a 
variable-ratio schedule on which every 
fifth response, on average, was rein- 
forced, the exact interval between re- 
inforcements varying randomly. The 
training procedure is described in 
greater detail elsewhere (7). 

After 1 experimental hour at this 
level, generalization testing was begun. 
Four stimuli were presented during 
testing: (i) the CS in its original 45 
deg orientation; (ii) the CS in the 
fronto-parallel plane; (iii) a trapezoid 
in the fronto-parallel plane, whose re- 
tinal projection was then equal to that 
of the CS at 45 deg; (iv) this trapezoid 
at an angle of 45 deg. Each stimulus 
was presented for four 30-second pe- 
riods in counterbalanced order. No re- 
inforcement was given during testing. 
In terms of difference from the CS 
the four presentations may be classi- 
fied as follows: (i) no change; (ii) 
same objec,tive shape, different pro- 
jective shape, different orientation; (iii) 
different objective shape, same pro- 
jective shape, different orientation; (iv) 
different objective shape, different pro- 
jective shape, same orientation. 

The mean numbers of responses 
elicited by the four presentations were 

(i) the CS, 51.00; (ii) the same ob- 
jective shape in a different orientation, 
45.13; (iii) that which projected a re- 
tinal shape identical with that of (i), 
28.50; and (iv), 26.00. The difference 
between (i) and (iii) was highly sig- 
nificant (t = 12.08; df, 7; P < .01). It 
is obvious that these infants had not 
learned to respond to a projective or 
retinal shape but to an objective shape, 
which could be recognized in a new 
orientation; to this extent they showed 
shape constancy. Also in line with this 
interpretation is the fact that (iii) and 
(iv) elicited equally few responses 
(t == 0.47; not significant), indicating 
that they were responded to as if 
equivalent. 

Although this experiment clearly 
rules out the strong empiricist explana- 
tion of shape constancy described 
above, it is neutral in respect to the 
second hypothesis: that shape constancy 
develops out of the correlation of 
two perceptually prior variables, pro- 
jective shape and apparent slant. This 
hypothesis was not confirmed in the 
following experiment. 

Each of nine infants, aged 60 to 
63 days after the test, was trained to 
make a head movement as CR to the 
rectangle used in experiment 1, pre- 
sented at a 5-deg anticlockwise orien- 
tation, as CS in the manner described 
above. Behavior was shaped to the 
same criterion level of responding on 
a variable-ratio schedule. Then in three 
successive sessions each infant per- 
formed once on each of the following 
three tasks (see Table 1). 

1) The rectangle described was ex- 
posed in four orientations, turned 5, 
15, 30, or 45 deg anticlockwise. Each 
orientation was presented 30 times in 
random order for 5-second periods. 
Only responses made while the rec- 
tangle was at 5 deg from the frontal 
plane were rewarded, and these were 
rewarded continuously. Reinforcement 
time was not included in presentation 
time, so that several 15-second rein- 
forcements could be obtained during 
a 5-second presentation. 

2) This condition was exactly like 
the first except that the stimuli used 
were only projectively equivalent to 
those used in condition 1. Four trape- 
zoids casting the same retinal image 
as the rectangle at 5, 15, 30, or 45 deg 
were all shown in the fronto-parallel 
plane (5). 

3) This condition differed from the 
others in the nature of the stimuli 
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used. An opaque cardboard screen, 1 
by 1 m, was placed 10 cm before the 
rectangle. An aperture, 10 by 20 cm, 
was cut in it so that, while the body 
of the rectangle was visible, its edges 
were not. Thus only orientation per 
se was available to differentiate pre- 
sentations of the rectangle in its four 
orientations. Order of testing was 
counterbalanced across infants. 

In all conditions only stationary 
positions of stimuli were ever visible; 
transitions were never seen. These 
three conditions were designed to pre- 
sent the infant with, respectively, a 
form in space (having objective shape, 
projective shapes, and orientations with 
only the first invariant); a set of pro- 
jective shapes with orientation invari- 
ant; and finally a set of orientations, 
with projective shape invariant. The 
developmental hypothesis being tested 
asserts that at this stage of develop- 
ment, shape judgments result from de- 
duction from two perceived compon- 
ents, projective shape and orientation. 
This should mean that discrimination 
performance, shown by the difference 
between the numbers of responses 
elicited by rewarded and unrewarded 
stimuli, should be best under condi- 
tion 1, where the infants had both pro- 
jective shape and orientation as differ- 
entiating features. This prediction was 
not confirmed. Discrimination per- 
formance was poorer under condition 1 
than condition 2 (t = 6.06; P < .01) or 
condition 3 (t = 4.97; P < .01) (6). In 
fact, examination of performance in 
condition 1 indicates very little discrim- 
ination between the four presentations; 
only one presentation, the rectangle at 
45 deg, was significantly differentiated 
from the rewarded presentation (t = 
1.08; P < .1). 

The putative advantage of the last 
experiment was that every subject 
served as his own control. The train- 
ing conditions and the stimulus situa- 
tion were such that discrimination in 
condition 1 should have been easier 
than in the other two conditions. As 
I have pointed out, there are two dif- 
ferentiating variables available in con- 
dition 1 to only one in conditions 2 
and 3. 

In addition, all infants were trained 
with a condition-1 CS, which fact 
should have facilitated discrimina- 
tion in condition 1; in fact it did not. 
This can be interpreted to mean that 
the subjects showed such a high de- 
gree of shape constancy that the same 
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Table 1. Proportions of responses elicited by 
rewarded stimulus that were elicited by un- 
rewarded stimuli in the three presentation 
conditions described in the text. 

Con- Proportion at orientation 
dition 50 150 30? 45? 

1 1.0 1.04 0.98 0.90 
2 1.0 .70 .64 .55 
3 1.0 .86 .78 .77 

shape in different orientations literally 
looked the same, or so very similar 
that discrimination was too difficult to 
be formed in the time given. However, 
there are objections to this interpreta- 
tion: it could be argued that little re- 
sponse strength transferred from train- 
ing to conditions 2 or 3 because the 
rewarded stimuli differed so much in 
the three conditions that the data are 
not truly comparable. In order to meet 
this objection a third experiment was 
run. 

Three groups of five infants were 
each run through one condition of ex- 
periment 2. One group was trained with 
the rectangle at 5 deg as CS; the sec- 
ond, with a projectively equivalent 
trapezoid in the frontal plane as CS; 
and the third, with the 5-deg orienta- 
tion of the surface behind the screen 
as CS. The groups were equated for 
total number of reinforcements re- 
ceived. After response rate reached a 
criterion of one response per 2 sec- 
onds, the four stimuli in each condi- 
tion were each presented for four 30- 
second periods, in counterbalanced or- 
der, without reinforcement, after the 
paradigm of experiment 1. The results 
(?a'.e 2) show t'-at s;-nifi-antlv more 
responses were elicited by the novel 
stimuli in condition 1 than in condi- 
tion 2 or 3 (P < .01 by the t-test), 
whereas there was no significant dif- 
ference between the numbers of re- 
sponses elicited by the three CS. If 
one accepts the basic logic of the 
generalization experiment, this can only 

Table 2. Mean numbers of responses elicited 
in experiment 2. 

Orien- Responses under 
tation conditions (No.) 
(deg) 1 3 

5 50 48 56 
15 48 40 40 
30 46 35 30 
45 44 30 31 

mean that the infants in condition 1 
perceived the novel stimuli as more 
like their CS than did the infants in the 
other two conditions; that variations in 
orientation of the same object, with 
projective shape and orientation vari- 
ant, and only real shape invariant, pro- 
duce a higher degree of identity or 
"sameness" than do variations in projec- 
tive shape alone, with orientation in- 
variant, or variations in orientation, 
with projective shape invariant. 

These three experiments taken to- 
gether strongly indicate that young hu- 
mans possess the capacity for shape 
constancy, the capacity to detect the 
invariants of shape under rotational 
transformation in the third dimension. 
The data of experiments 2 and 3 seem 
in fact to show that response to a shape 
invariant is more primary than response 
to a simple variable such as orienta- 
tion. In both experiments it was shown 
that rotation of an object into the third 
dimension did not produce the response 
decrement that was produced by rota- 
tion of a surface without limiting con- 
tours. In the latter case there was of 
course no shape invariant to respond 
to. 

It thus seems that the capacity- 
limited perceptual machinery of the in- 
fant is set to respond to high-order in- 
variants, and to ignore low-order vari- 
ables such as orientation, when both 
are present, so that in these experi- 
mental situations it is difficult for the 
infants to respond to the low-order but 
differential variable orientation. 

The notion that invariants and vari- 
ables may compete for central access 
within the perceptual system is useful 
in the present context: it may also ex- 
plain the paradox that adult subjects 
may show perfect shape constancy while 
hopelessly misjudging orientation, and 
vice-versa (7). 

This explanation constitutes a re- 
formulation of the problem of the 
development of shape constancy; it 
shifts the emphasis from an attempi 
to understand how infants learn to com- 
pute "real shape" from projective shape 
and orientation to an attempt to under- 
stand how the ability to simultaneously 
register orientation and real shape de- 
velops. It s'hifts the emphasis from de- 
velo-ment of specific local functions, 
such as the constancies, to development 
of a general capacity to simultaneously 
handle multiple variables and invari- 
ants. 

This shift may have some merit 
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in that it points to a resolution of the 
apparent contradiction between the fact 
that perceptual capacities undoubtedly 
do change with age, and the fact that 
many local functions make their ap- 
pearance very early in life. 

T. G. R. BOWER 

Department of Psychology, 
William James Hall, Harvard 
University, 33 Kirkland Street, 
Cambridge, Massachusetts 02138 
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A recent article (I) clearly indicates 
the excitement currently generated in 
neurobiology by the discoveries in the 
field of molecular genetics. As pointed 
out, the application of such findings 
to an understanding of some of the 
long-existing problems of biological 
memory seems very promising. The re- 
search activities of many individuals 
attest to the current efforts directed 
toward a grasp of the relationships be- 
tween nucleic acids, proteins, and bio- 
logical memory (2). There are reports 
(3) that "transfer of learning" effects 
have been accomplished through the 
extraction of nucleic acid from the 
brains of trained animals and its sub- 
sequent injection into naive animals. 
Such a finding would, indeed, seem to 
furnish the first direct relation between 
nucleic acids and biological memory. 
We have used many different testing 
devices over a wide range of condi- 
tions and now report our unsuccessful 
attempts to find "transfer of learning" 
effects. 

In the first study 20 mice (male 
Swiss-Webster albino, approximately 60 
days of age) were trained on a two- 
choice brightness discrimination task to 
swim to the nonpreferred, darker alley. 
Ten additional animals were trained 
always to turn left regardless of the 
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shape constancy in perceptual development, 
and that projective shape, orientation, and 
real shape are separately registrable attri- 
butes of an object in space. Some projec- 
tive shape-slant correlation models are not 
committed to the position of separate reg- 
istration. 

4. B. Stavrianos, Arch. Psychol. 61, 5 (1944). 
5. To ensure that the trapezoids used were pic- 

torially equivalent to the rectangle in its 
various orientations, the latter was photo- 
graphed in all four positions, and matte 
enlargements were pasted on the visible 
surfaces of the corresponding trapezoids. 

6. The sequential testing methods that I used 
decreased total numbers of responses elicited 
on successive days without affecting the pat- 
tern of responding on any given condition. 
Therefore numbers of responses elicited by 
the unrewarded stimuli are expressed as pro- 
portions of the numbers elicited by the re- 
warded stimulus, thus cancelling absolute 
differences and allowing the pattern to ap- 
pear clearly. 

7. K. Eissler, Archiv. Ges. Psychol. 88, 487 
(1933). 

8. Supported by the Milton Fund through Har- 
vard University. I thank E. J. Gibson, J. J. 
Gibson, and H. N. Ricciuti for help and 
advice. 
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light's position. A raised platform in 
the correct alley allowed the mice to 
escape from the water (18?C). Each 
trial began when the platform was sub- 
merged, so that the mice were forced 
to swim to the appropriate one of the 
two remaining alleys. An error was re- 
corded whenever the "dark-trained" 
animals entered the lighted alley or 
the "left-turn" animals entered the right 
alley. Every animal was given six train- 
ing trials each day for 11 days. The 
intertrial interval was 30 seconds. After 
the training, the dark-trained animals 
were divided into two groups: group I 
consisted of ten animals that made no 
more than one error on the last 18 
training trials; and group II consisted 
of ten animals that made as many as 
four errors out of the last 18 training 
trials. 

Two groups of dark-trained animals, 
the left-turn group, and a group of un- 
trained mice were killed, and their 
brains were quickly removed. The 
brains from each group were placed in 
cold phenol containing 0.15M NaCl 
(1:1) and homogenized with a tissue 
grinder. The aqueous phase was re- 
moved after centrifugation, and the 
nucleic acids were precipitated with two 
volumes of ethanol. The precipitate 
was collected by centrifugation and 
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dried in a stream of air. The total nu- 
cleic acid collected for each group was 
then resuspended in 2.0 ml of 0.15M 
NaCl (4). A group of ten test ani- 
mals served as recipients of each ex- 
tract; each animal received intraperi- 
toneal (I.P.) injections of 0.2 ml of 
the appropriate preparation. Ten mice 
were injected with 0.15M NaCI to serve 
as additional controls. In this and sub- 
sequent studies all animals were coded 
at the time of injection, and testing was 
completed without knowledge of the 
animals' prior treatments. 

Eighteen hours after injection, the 
spontaneous activity of each animal 
was determined automatically for a 2- 
minute test interval. The activity was 
tested in a rectangular apparatus with a 
floor of metal plates that, when bridged 
by a mouse, activated an electromag- 
netic counter. Two hours later, the ex- 
perimental animals were given six trials 
in the water maze with the same proce- 
dures described. The activity measures 
and the discrimination tests are pre- 
sented in Table 1A. There were no 
significant differences between any of 
the experimental groups on either of 
the two behavioral measures. 

Since the preceding study failed to 
produce any evidence of "transfer of 
learning," the extraction procedure was 
altered slightly to follow more closely 
one procedure reported to have given 
"transfer of learning" effects (3). This 
involved the addition of MgC12 to the 
nucleic acid before precipitation (5). 
Male Swiss-Webster mice were trained 
in the water "Y" maze. The procedures 
were the same as described except that 
all 20 mice were given six trials on a 
light-dark discrimination daily for 7 
days. By the end of training, none of 
the trained animals had committed 
more than one error out of the last 
12 trials. The mice were divided into 
two matched performance groups of 
ten animals each. A group of ten naive 
mice was also used. The brains were re- 
moved and processed in the usual man- 
ner, except that for the extraction of 
the brains of the naive group and one 
trained group, ethanol plus 0. 1M MgCl2 
was used for precipitation (3). All of 
the resulting precipitates were resus- 
pended in 0.15M NaCl to a final vol- 
ume of 5 ml. The ten animals in each 
of the three groups injected (I.P.) with 
nucleic acid and the group injected 
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after the injections, all animals were 
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An Examination of "Transfer of Learning" by Nucleic Acid 

Abstract. Nucleic acid extracted from brains of trained animals and injected 
intraperitoneally into naive animals produced no "transfer of learning" effect on 
several tasks under many conditions. P32-Labeled RNA was not found in the 
brain after intraperitoneal administration. Even intraventricular injections of 
nucleic acid produced no "transfer" effect. 

An Examination of "Transfer of Learning" by Nucleic Acid 

Abstract. Nucleic acid extracted from brains of trained animals and injected 
intraperitoneally into naive animals produced no "transfer of learning" effect on 
several tasks under many conditions. P32-Labeled RNA was not found in the 
brain after intraperitoneal administration. Even intraventricular injections of 
nucleic acid produced no "transfer" effect. 


