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The percentage of pulmonary macro- 
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to a maximum value during the first 2 
hours. From 5 to 65 percent of the 
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phagocytized particles during the first 
3 hours. The phagocytic indices of each 
group were essentially unchanged dur- 
ing the succeeding 25-day observation 
period, although considerable variation 
among individuals occurred. The phago- 
cytic index rose with increasing amount 
of plutonium deposited in the lungs 
(Fig. 3), demonstrating that the number 
of particles phagocytized was somewhat 
dependent on the number of particles 
that were administered and deposited 
in the lungs. 

These preliminary results showed that 
a large number of the plutonium par- 
ticles deposited in lung, and subject to 
a slow clearance with a biological half- 
life of several hundred days (1, 3), were 
phagocytized and retained within pul- 
monary macrophages during the 25-day 
observation period. Death of macro- 
phages and rephagocytosis of particles 
may have occurred during this period. 
The technique of pulmonary washing 
appears to offer an experimental method 
for the quantitative study of the deposi- 
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Mehler and Bever (1) have reported 
that children below the age of 4 are 
capable of conserving concepts of quan- 
tity. This finding contradicts the reports 
of Piaget (2) and others who place 
these acquisitions at about age 6 to 7. 
This age difference in the acquisition 
of conservation is of theoretical con- 
sequence. Mehler and Bever's delinea- 
tion of a decline in conservation per- 
formance from the very youngest age 
studied (2 years 4 months) and then 
a rise (with age) implies that these 
capacities are genetically determined 
and are a "basic characteristic of man's 
native endowment" (1). The Piaget po- 
sition. on the other hand, is that these 
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tion and retention of inhaled particles 
as well as offering possibilities for thera- 
peutic removal of toxic particles from 
the lungs of accidentally exposed in- 
dividuals. 
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competencies reflect the influence of 
maturational and experiential determi- 
nants under the control of an internal 
self-regulating mechanism. 

In contrast to the usual procedure of 
testing conservation with a relocation 
or transformation of objects first identi- 
fied as equal with respect to a quanti- 
tative property, Mehler and Bever 
used a conservation-of-inequality task 
based on the inequality of two sets of 
objects. More importantly, they both 
added objects to their numerical arrays 
and relocated them in a single opera- 
tion. Thus it is not possible to know 
whether a child's response was due to 
addition or relocation, or both. It was my 
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prediction that a controlled study which 
separated these operations would show 
that the results were due solely to the 
child's ability to deal with "more" in 
the additive sense of "more of," or in 
the relational sense of "more than," 
rather than with the conservation con- 
cept of "more than in the face of a 
transformation." I now report results 
of an experiment designed to test the 
correctness of this prediction. 

The concepts measured were as fol- 
lows; (i) Conservation of equality based 
upon an initial response of "same" to 
equal numbers of M & M's (candy- 
coated chocolate pellets) set in two rows 
and in one-to-one correspondence (the 
"before" condition of Fig. 1), followed 
by a relocation of one row either by 
expansion or contraction, and a con- 
tinued response of "same" to the num- 
bers in the two rows (the "after" condi- 
tion). (ii) Conservation of inequality in 
which the "before transformation" con- 
dition is one of inequality of both 
number and location; the "after" con- 
dition is still one of inequality, but the 
beginning and terminal points of the 
rows are in either one-to-one corre- 
spondence or in a different spatial loca- 
tion from the "before" condition. In 
earlier studies (3, 4) a distinction was 
made between transformational and stat- 
ic conservation. In the latter case no 
transformation takes place in the stimu- 
lus. A conserving subject is required to 
judge two rows as numerically equal 
in spite of a lack of alignment between 
them. In my study both static and 
transformation-conservation tasks were 
included in the test. (iii) Relational con- 
cept ("more than"): two rows unequal 
in number and extension had to be 
judged as unequal in number. (iv) 
Equality: two rows, equal in both num- 
ber and extension (that is, in one-to-one 
correspondence) had to be judged as 
equal in number. (v) Additive concepts 
("more of" or "less of"): one or two rows 
were presented and M & M's were 
added to or subtracted from a row. 

In each trial a Mommy or Daddy 
doll accompanied each row. Responses 
represented a choice between the 
"same" or "different" and "more" or 
"same"9 amounts to eat. Two groups of 
children were tested in private nursery 
schools. One group was given the trans- 
formation tasks and the other the static 
tasks. Both groups were administered 
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The data in Table 1 show different 
levels of performance. The level of 
conservation performance for conditions 
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Cognitive Capacities of Young Children: A Replication 
Abstract. Children between the ages of 3 years and 4 years 7 months correctly 

respond to the addition of objects in an array, to the numerical equality of ar- 
rays, and to their relative numbers. However, they are not able to conceptualize 
equality or inequality when objects are misaligned or spatially transformed. The 
Mehler and Bever assertion that very young children conserve the concept of 
nuiber, with a decline and rise in performance, is not confirmed. 
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Table 1. Response to conservation, relational, 
and additive tasks; average percent correct 
for trials in a series. Transformation and 
static tasks were administered to two different 
sample groups. Transformation groups num- 
bered: (1) 7; (2) 16; (3) 21; (4) 16; (5) 
15. Static samples numbered: (1) 6; (2) 
16; (3) 23; (4) 17; (5) 15. Additivity tasks 
were the same for both samples; these data 
are reported for the combined numbers of 
both groups. Group I includes children from 
3 years through 3 years 3 months; group 2, 
3 years 4 months through 3 years 7 months; 
group 3, 3 years 8 months through 3 years 
11 months; group 4, 4 years through 4 years 
3 months; group 5, 4 years 4 months through 
4 years 7 months. Figures in brackets repre- 
sent correct response to the quantity of the 
array ("same" or "different") prior to the 
addition, and the quantity after the addition 
or subtraction. The figures in this category 
without brackets are for the correct response 
to the addition or subtraction operation alone. 
The arrangements (A-H) are shown in Fig. 1. 

Group 
Trials 

1 2 3 4 5 

A 14 15 19 15 9 
B 33 44 41 35 30 
C 24 33 30 29 38 
D 33 47 37 47 47 
E 17 63 52 59 67 
F 67 81 65 88 87 
G 47 65 67 77 82 

[18] [401 [42] [61] [68] 
H 65 73 78 83 91 

[26] [461 [51] [61] [74] 
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of both equality and inequality is very 
low for all age groups as represented by 
the average percentage of correct re- 

sponses in these trials. Since the prob- 
ability of chance success by guessing 
in any static conservation trial is 50 per- 
cent and in any transformation trial is 
25 percent, response is close to or be- 
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Fig. 1. Stimulus arrays for static and 
transformation trials in conservation, re- 
lational, and additive conditions. 
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low chance in all conservation condi- 
tions. Not a single child at any age 
tested was correct in all three conser- 
vation-of-equality trials, and only 7 
percent in the oldest age group were 
correct in conservation-of-inequality 
trials. With a criterion of two out of 
three correct, the level of correct per- 
formance increases, but to no higher 
than 20 percent in any age group; there 
is no age trend. 

By contrast, even the youngest chil- 
dren in the sample exhibit a high level 
of correct performance in the "equality" 
test, where number and extension of 
static arrays are equal. This is likewise 
true where the relational judgment 
("more than") is made (5). 

Although correct responses with re- 
spect to conservation of equality and 
inequality are greater in the static than 
in the transformation condition, both 
are at about chance level. This differs 
from data reported previously (4, 6) 
for equality-of-area judgments in chil- 
dren from kindergarten through fourth 
grade. Static conservation was consist- 
ently more difficult for those children 
to achieve than transformational con- 
servation. This difference in perform- 
ance suggests that younger children are 
unable to correctly utilize the informa- 
tion imparted by the transformation; 
that is, transformation leads to the in- 
correct "perceptual" inference that the 
longer or shorter row is different in 
number from the standard when it is 
in fact equal. Older children are more 
able to use the transformation informa- 
tion because of the possession of an in- 
ference-generating mechanism. Younger 
children apparently lack such a mecha- 
nism or, if they have it, are unable to 
use it; thus performance in both static 
and transformation conditions is deter- 
mined by chance factors. 

The additivity concepts ("more of" 
and "less of") are the only ones in the 
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In a previous study of cognitive de- 
velopment we found that children of 
2 years 6 months can successfully rec- 
ognize a numerical equality and its 
transformation into an inequality 
whereas older children temporarily lose 
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present instance which show an age 
trend (positive). An appreciable per- 
centage of even the youngest age group 
respond correctly (7). 

Young children, then, within the age 
range of 3 years to 4 years 7 months 
display very little, if any, conservation 
ability. They do have some conceptual 
capacities ultimately necessary for con- 
servation, but they lack the inference- 
generating mechanism that makes pos- 
sible a judgment of equality or in- 
equality in the face of spatial transfor- 
mation or dislocation. The high level 
of response of Mehler and Bever's sub- 
jects is most likely due to the combina- 
tion of addition and relocation tasks in 
the experimental operations. The de- 
cline and rise in performance also re- 
ported by Mehler and Bever is not 
confirmed. 

HARRY BEILIN 

City University of New York, 
33 West 42 Street, 
New York 10036 
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as demonstrating that the capacity to 
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the face of transformations is present 
in the 2-year-old; the older child 
loses this capacity temporarily due to 
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What Children Do in Spite of What They Know 

Abstract. New studies support the hypothesis that young children have basic 
cognitive capacities but utilize them inefficiently; older children aid these capacities 
with generally valid cognitive heuristics which produce poor performance on 
critical problems. 
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