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Cognitive Capacity 
of Very Young Children 

Abstract. Children between 2 years, 
6 months old and 3 years, 2 months old 
correctly discriminate the relative num- 
ber of objects in two rows; between 3 
years, 2 months and 4 years, 6 
months they indicate a longer row with 
fewer objects to have "more"; after 
4 years, 6 months they again discrimi- 
nate correctly. The discriminative abili- 
ty of the younger children shows that 
the logical capacity for cognitive opera- 
tions exists earlier than previously 
acknowledged. 

J. Piaget has investigated the mis- 
takes which children make in solving 
simple problems (1). In the most often 
quoted of Piaget's experiments, a child 
sees two identical arrays of material 
and is asked if he, in fact, thinks they 
are "the same." For example, a child 
of four characteristically replies that the 
two identical rows of four pellets in 
Fig. la are, in fact, "the same." The 
experimenter then adds or subtracts 
some material in one of the arrays and 
changes its shape at the same time. He 
again asks the child if both arrays have 
the same amount of material, or if one 
has "more." If the array is like the 
one in Fig. lb, the same child reports 
incorrectly that there are now "more" 
in the upper row. However, a child of 
5 correctly indicates that it is the array 
with the added material which has 

F. Gautschi, Helv. Chim. Acta 45, 2567 
(1962). 

14. T. Watanabe, Nature 182, 325 (1958). The 
feeding attractant for the vegetable weevil 
apparently is 2-hexenol, although 2-hexenal 
is also an attractant. Y. Matsumoto and S. 
Sagiyama, Ber Ohara Inst. Landwirtsch. 
Biol. Okayama Univ. 11, 359 (1960) as cited in 
E. E. Smissman, J. Pharmacal. Sci. 54. 1395 
(1965). cis-3-Hexenol has also been identified as 
a social attractant of termites. H. Verron, 
Insectes Sociaux 10, 297 (1963). H. Verron 
and M. Barbier, Compt. Rend. 254, 4089 
(1962). 

15. For reviews and references, see M. Jacobson, 
Ann. Rev. Entomol. 11, 403 (1966); T. Eisner 
and J. Meinwald, Science 153, 1341 (1966); L. 
M. Roth and T. Eisner, Ann. Rev. Entomol. 
7, 107 (1962). 

16. G. P. Dateo and L. M. Roth, Ann. Entomol. 
Soc. Amer., in press; L. M. Roth, W. D. 
Niegisch, W. H. Stahl, Science 123, 670 
(1956). 

17. Kindly supplied by L. M. Roth. 
18. Supported by research funds of Harvard 

University. I thank Mrs. Dietland Paust for 
technical assistance and Edward Seling for 
his help with the gas chromatography. 

31 July 1967 

Cognitive Capacity 
of Very Young Children 

Abstract. Children between 2 years, 
6 months old and 3 years, 2 months old 
correctly discriminate the relative num- 
ber of objects in two rows; between 3 
years, 2 months and 4 years, 6 
months they indicate a longer row with 
fewer objects to have "more"; after 
4 years, 6 months they again discrimi- 
nate correctly. The discriminative abili- 
ty of the younger children shows that 
the logical capacity for cognitive opera- 
tions exists earlier than previously 
acknowledged. 

J. Piaget has investigated the mis- 
takes which children make in solving 
simple problems (1). In the most often 
quoted of Piaget's experiments, a child 
sees two identical arrays of material 
and is asked if he, in fact, thinks they 
are "the same." For example, a child 
of four characteristically replies that the 
two identical rows of four pellets in 
Fig. la are, in fact, "the same." The 
experimenter then adds or subtracts 
some material in one of the arrays and 
changes its shape at the same time. He 
again asks the child if both arrays have 
the same amount of material, or if one 
has "more." If the array is like the 
one in Fig. lb, the same child reports 
incorrectly that there are now "more" 
in the upper row. However, a child of 
5 correctly indicates that it is the array 
with the added material which has 
"more." 

Various experimental techniques have 
been used to isolate the ages at which 
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ognize when material is "conserved" 
(that is, not perceived as modified in 
quantity), in spite of those apparent 
changes. The development of the dif- 
ferent kinds of quantity conservations 
is interpreted by Piaget as a behavioral 
reflection of the development of gen- 
eral cognitive capacities. For example, 
the 4-year-old's failure to conserve 
quantity in the above pellet experiment 
indicates that he does not have the cog- 
nitive capacity to "reverse" situations; 
hence, he cannot transform Fig. lb back 
to Fig. la and then recall which par- 
ticular row had the two pellets added to 
it. He instead responds to the momen- 
tary "appearance" of the two rows in 
Fig. lb and incorrectly reports that the 
longer row has "more." 

All of the well-known experiments 
on the conservation of quantity have 
ignored children below the age of 4. 
The exclusion of younger children has 
appeared rational because 4-year-old 
children do not have quantity conser- 
vation. If a 4-year-old does not have 
conservation, why should we expect 
an even younger child to exhibit it? Al- 
though this argument was reasonable, 
it was also misleading. The present study 
of over 200 children shows that under 
3 years 2 months (3-2), children exhibit 
a form of quantity conservation; they 
lose it as they get older and do not ex- 
hibit it again until they are about 4 
years 6 months (4-6). 

Seven age groups of children from 
2-4 to 4-7 were tested in individual ses- 
sions with two experiments involving 
quantity judgments. Each experiment 
used two pairs of rows like those shown 
in Fig. 1, a and b. One of the experi- 
mental sequences for each child had 
clay pellets while the other had 
M & M candies (candy-coated choco- 
late pellets). In each experimental se- 
quence the child was first presented 
with adjacent rows of four, as in la, 
and he was asked if they were the 
"same." The experimenter then modi- 
fied the arrays into a situation like lb, 
in which a short row of six is adjacent 
to a longer row of four. In the experi- 
ment with clay pellets he was then 
asked which row had "more." In the 
experiment with M & M's the responses 
to situation lb were nonverbal: instead 
of asking the child to state a quantity 
judgment, the experimenter asked him 
to "take the row you want to eat, and 
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Fig. 1. The length of the rows in (a) 
was 7 inches (18 cm) for M & M's and 
8 inches (20 cm) for clay pellets; in (b) 
7 and 3 inches (18 and 8 cm) for 
M & M's and 8 and 5 inches (20 and 
13 cm) for clay pellets. There was a 
1/3-inch (3-cm) space between each of 
the four clay pellets and a 2-inch (5-cm) 
space between each of the four M & M's. 
The clay pellets were 1/ inch (1.3 cm) 
in diameter. The M & M candies were all 
of the same color. 

table in front of the child (2). Each 
session took about 10 minutes. The 
experimenter wrote down the response 
of the subject, and a tape recording 
was taken for subsequent analysis. 

The valid responses (3) are sum- 
marized by age in Fig. 2; the ordinate 
represents the proportion of success in 
choosing or naming the row which, in 
fact, had more (that is, the proportion 
of "conserving" responses) and the 
abscissa represents increasing age. Two 
bar graphs are presented, one for 
choosing which row of clay pellets 
had "more," (Fig. 2a) and one for 
taking a row of M & M's (Fig. 2b). 
Both experiments show a decrease in 
conserving responses by age, which is 
at a minimum in the group between 
3-8 and 3-11. Thus, as the children 
get older than 2-6, they get worse, 
rather than better, at quantity conserva- 
tion. Even more striking is the fact 
that the 23 youngest children (under 
2-8) show extremely high numbers of 
conserving responses-100 percent of 
verbal responses on the quantity of 
clay pellets and 81 percent for taking 
rows of M & M's. The decrease with 
age is strongly significant for the verbal 
judgments (P < .001 by chi-square 
comparing 2-4 to 2-7 and 4-0 to 4-3 
ages for verbal judgments) and non- 
significant for responses to M & M's. 

* * * 0 

* * 0 * 

______ 
a 

* * * * 

? ? ? _00 ? 

0 * * * * 0 

c 

Fig. 1. The length of the rows in (a) 
was 7 inches (18 cm) for M & M's and 
8 inches (20 cm) for clay pellets; in (b) 
7 and 3 inches (18 and 8 cm) for 
M & M's and 8 and 5 inches (20 and 
13 cm) for clay pellets. There was a 
1/3-inch (3-cm) space between each of 
the four clay pellets and a 2-inch (5-cm) 
space between each of the four M & M's. 
The clay pellets were 1/ inch (1.3 cm) 
in diameter. The M & M candies were all 
of the same color. 

table in front of the child (2). Each 
session took about 10 minutes. The 
experimenter wrote down the response 
of the subject, and a tape recording 
was taken for subsequent analysis. 

The valid responses (3) are sum- 
marized by age in Fig. 2; the ordinate 
represents the proportion of success in 
choosing or naming the row which, in 
fact, had more (that is, the proportion 
of "conserving" responses) and the 
abscissa represents increasing age. Two 
bar graphs are presented, one for 
choosing which row of clay pellets 
had "more," (Fig. 2a) and one for 
taking a row of M & M's (Fig. 2b). 
Both experiments show a decrease in 
conserving responses by age, which is 
at a minimum in the group between 
3-8 and 3-11. Thus, as the children 
get older than 2-6, they get worse, 
rather than better, at quantity conserva- 
tion. Even more striking is the fact 
that the 23 youngest children (under 
2-8) show extremely high numbers of 
conserving responses-100 percent of 
verbal responses on the quantity of 
clay pellets and 81 percent for taking 
rows of M & M's. The decrease with 
age is strongly significant for the verbal 
judgments (P < .001 by chi-square 
comparing 2-4 to 2-7 and 4-0 to 4-3 
ages for verbal judgments) and non- 
significant for responses to M & M's. 
At 4-6, the children again show con- 
servation for both kinds of quantity 
judgment (significance of increase in 
conservation of clay pellets between 
4-0 to 4-3 and 4-4 to 4-7 = P < .01; 
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Fig. 2. The proportion by age of re- 
sponses choosing the row with more mem- 
bers in the situation shown in Fig. lb. 
Numbers inside bars indicate total num- 
ber of subjects of that age. 

for eating of M & M's, P < .01 by 

of M & M's they took the other row 
to eat. This might show some uncer- 
tainty in the child's capacity to judge 
quantity. To strengthen our basic find- 
ing that1 children at 2-6 and 4-6 show 
more conservation than children of 4-2, 
we separated those children who showed 
consistent responses on both M & M's 
and clay pellets from children with 
inconsistent responses. Among the 
children who gave consistent verbal and 
nonverbal responses, there were more 
consistent nonconservation responses at 
age 4-2 than at 2-6 (P < .02 by chi- 
square) or at 4-6 (P < .03 by chi- 
square). Furthermore, if a child gave 
inconsistent responses, it is more likely 
that the single conserving response was 
to the M & M's than to the clay pellets 
(P < .01 by chi-square in favor of 
M & M conservation) (4). 

Our results indicate that the inability 
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Our results indicate that the inability 
to conserve quantity is a temporary 
phase in the developing child. The 
to conserve quantity is a temporary 
phase in the developing child. The 

child does not gradually acquire 
quantity conservation during his 4th 
year; rather, he reacquires it. The fact 
that the very young child successfully 
solves the conservation problem shows 
that he does have the capacities which 

depend on the logical structure of the 
cognitive operations. Eventually, he de- 

velops an explicit understanding of 
these operations: at age 5 he solves 
the same problem by counting the pel- 
lets in each row. We think that the 

temporary inability to solve the con- 
servation problem reflects a period of 

overdependence on perceptual strate- 

gies. These strategies develop on the 
basis of experience with correlations of 

apparent shapes and actual quantity. 
Surely, it is a general rule that longer 
arrays usually have "more" components, 
and a reasonable perceptual expectancy 
would reflect this. Just after the young 
child incorporates this expectancy into 
his perceptual scheme, he is misled 

by the apparent length of a row into 

thinking that it has more components. 
The fact that children at all ages tend 
to take the M & M row with "more" 
indicates that this perceptual strategy 
can be overcome, given sufficient moti- 
vation to do so. Eventually, the child 

develops a more sophisticated integra- 
tion of the logical operation with his 

perceptual strategies which allow him 
to count the individual members of an 

array. He then has the capacity to ig- 
nore his perceptual expectancies in 
those critical instances in which they 
are not confirmed. The intermediate 

age "nonconserving" child cannot dis- 

engage his perceptual strategies in this 

way. Thus, nonconservation behavior 
is a temporary exception to human 

cognition, not a basic characteristic of 
man's native endowment. 
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4. We also ascertained that the conservation 
responses in the young children are not due 
to a tendency to take and to name short rows. 
Sixteen children, age 2-4 to 2-9, were presented 
with an array in which the row with six clay 
pellets or M & M's is in fact longer (Fig. Ic). 
In this condition there were 22 conservation re- 
sponses (picking or naming the long row) and 
ten nonconservation responses. Out of eight 
children who responded consistently on M 
& M's and clay judgments, seven ,howed con- 
sistent conservation responses. This indicates 
that the young children are attending to the 
actual quantity in a row. Preliminary analysis 
indicates that for children below 3 years of age, 
experimental order of M & M's and clay did 
not affect the tendency to exhibit conserving 
responses. 
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by NASA grant NaG 496 and by U.S. De- 
partment of Defense, Advanced Research Proj- 
ects Studies and the Harvard Society of 
Fellows. We thank J. Epstein, who ran all 
the experiments in this study. We also thank 
Professor H.-L. Teuber, H. Koopmans, and 
Dr. M. Garrett for comments on this manu- 
script; Dr. T. G. R. Bower for the use of his 
research space, and D. J. Kagan for providing 
access to his well-studied group of children. 
We are also grateful to all those schools that 
kindly allowed us to test their children. 
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Optical Differentiation of Amoebic 

Ectoplasm and Endoplasmic Flow 

Baker and Johnston (1) offer photo- 
graphic evidence that they have de- 
tected "optical activity" in living 
amoebas. The term "optical activity," 
which has traditionally meant optical 
rotation, is redefined by the authors 
to include "any polarized light phe- 
nomenon." However, their "dynamic 
polarized light detection system" is, in 
fact, incapable of differentiating among 
several phenomena detectable with po- 
larized light (phase shifts due to bire- 
fringence, optical rotation, linear or 
circular dichroism, refraction absorp- 
tion, surface depolarization, and light 
scattering). The photograph shown in 
Fig. 2 could have resulted from a mix- 
ture of any of these "optical activities." 

In optical analysis one should iden- 
tify the type of light-matter interaction 
observed in specimens and then pro- 
ceed to quantify this interaction. Us- 
ually identification and quantification 
are accomplished simultaneously by 
null compensation for phase shifts or 
rotation of the plane of polarization 
(2). Another electronic detection tech- 
nique using phase modulation referred 
to by the authors (3) does, in fact, 
use the null method through automatic 
compensation of rotation, phase shifts 
due to birefringence, and dichroism. 
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polarized light detection system" is, in 
fact, incapable of differentiating among 
several phenomena detectable with po- 
larized light (phase shifts due to bire- 
fringence, optical rotation, linear or 
circular dichroism, refraction absorp- 
tion, surface depolarization, and light 
scattering). The photograph shown in 
Fig. 2 could have resulted from a mix- 
ture of any of these "optical activities." 

In optical analysis one should iden- 
tify the type of light-matter interaction 
observed in specimens and then pro- 
ceed to quantify this interaction. Us- 
ually identification and quantification 
are accomplished simultaneously by 
null compensation for phase shifts or 
rotation of the plane of polarization 
(2). Another electronic detection tech- 
nique using phase modulation referred 
to by the authors (3) does, in fact, 
use the null method through automatic 
compensation of rotation, phase shifts 
due to birefringence, and dichroism. 
The null compensation method, in any 
event, separates the phenomena detect- 
able only in polarized light from ab- 

sorption refraction and light scattering, 
properties that are not only detectable 
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