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ABSTRACT ' .

) Bighty-tuo children. (ages 4.4 to 6.5 years) were

" administered a Backward Digit Span test to measure M-space and four
ccnservation tasks (number, substance, continuous guantity, and
wveight). Based uponh a neo~“Piagetian theory of intellectual
developaent proposed by Pascual-Leone (1969), two hypotheses were
tested: (1) A significant relation should exist between a childt:
H-space and his/her ability to conserve; .(2) Children should not
conserve when the number of "figurative schemes" requized to solve
the task vexceeds their M-space., Significant correlatiots were fouand
anong u-space and. numbet, substance, and continuous gquantity tasks.
As predicdted, none of 11 children with M-spaces of e + 1 deronstrated
conservation, Contrary to theoretical predictions, a substantial
namber of children with M-spaces of e ¢ 2 conserved all four
quantities. It is argued that it may be possible to retain the i1dea
of M-space as a constraint on reasoning, ability i1f theco®etical
statements regarding the number of reguired figurat;ve scheges are
aodified. (Aathor)
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Eighty-two children” (ages- 4.4 to 6.5 years) were

.
N &

administered a Backward Digit Span test to measure M-space -
and four conservation tasks (number, substance, continuous, .
Based upon a neo-Piagetian theory

of intellectual development proposed by Pascual-Leone (19%9)

two hypotheses weremggsted.
should exist between a child's M-space and his ability to
conserve; (2) Children .should not tonserve when the number
required to solve the task exceeds

(1) A significant relation

’

ificant correleations were found among M-space and

« nucbery substance, and ‘continuous quantity tasks.
dicted none of 11 childrep with M-spaces of e + 1 demonstrated

Contrary to theoretical predictions, a substan- !

tial number of children with M-spaces of e + 2 conserved all

It is argued that it may be possible to re=

tain the. idea of M-space as a constraint on reasoning ability

1f theoretical statements regarding the muumber of required . .

figurative schenes are modified.

As ‘pre=~

’
~

Plagetian model of intellectual development proposed by Pascual-

Leone (Pascual-Leone and Smith, 1969; Pascual- -Ledne, 1969; in press) has
recently received a gdod deal of support by the work of Case and others .

1974).

In brief

. for, Suchssful reasoning in specific task situations:
possess appropriate "figurative schemes' 1in his cognitive repertoire. The

‘ (Case, 1972a, 1972b; Case, 1974a, 1974b; Case, 1975; Cise and Globerson,
tbe Pascual-Leone model postulates four necessary factors

(1) The child must

construction pf thesw schemes is interpreted as a function of learning; (2) Vv
The ch¥ld must obtain a certain degree of field independence Witk respect ko

. the given situation;. (3) The child must have a tendency, Tihen two incompatible
schemes might be activated, to activate only that scheme which 18 compatible

with the largest number of other schemes.
tendency and 1s roughly synonymous with Pilaget's concept of e _guilibrium“ and

(4) the child must have a mental capacity (M-space) large ‘enough to cocrdinate
the required schemes. .

Y

”

This 15 interpreted as,a universal

!

*AESOP (Advancing Education IﬂrOugh 8cience Oriented Programs) 1s supperted
by a grant from the National Sciense Foundatior. ’ ’
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According to Pascual-Leone, “-spaCL intreases as a function of age.
ChildYen 3-4 years 6l1d have a manimum M-space of e + 1, while 5-6 year old
children have a gmaximum M-space of e + 2, and so on up to age 15-16 when the
growth of M-space stops at approximately e + 7. The e represents the mental
effort (or energy, or tamacity, or space) requirad to attend to specific
easily, undezrstood bnd’ remembered quebtions posed by given tasks. The
snuperals reprosent the maximum number of figurative schemes which can e
sutcessfully .coordinated at a given time to answer the specific questions.
-Pascual-Leone uses this fdea to explain Qhy children of limited X-space do

/ not demonstrate conservation reasoning. reason is that conservation
tequires coordination of a cgrtain aurber o igurative schemes and in man,
instances this number simply exceeds the child's M-space.. For example,
children age 5-6b have a maximum M-spdce of e + 2, They normally will not
demonstrate conservation of substance. because this <onseryation, according
to the theory, requires the. actiwation of the f0110wing 25+ 3 schemes!
L
, (e} an 'executive scheme representing the questlpn 'dg the balls st1ll ,
. have the same anount of clay in then'? and directing the child's *
attention to the task materials: / _ .
(1) a figurative scheme reptesenting the information that 'nothing

¢

,( has been added tp or taken avay from the ball which was transforrmed’p !
(2) a figurative, scheme representing the rule that "if nothing is added |
. . to or taken away, then the amount stays the %amé'; . ]
, (3) a figurative sche representing the fact that 'the balls were {
originally equal in\amount'. i . ' |

" Likewise children with an M-space gf e + 3 or less will not demonstrate

' ¢onservation of weight becaug this conservation recuires activagion of
the above e + 3 schemes plus a figurative scheme reprbsenting the informa-
tion that 'equal amounts of clay weigh the same’.
. This théory then allows for precase predictions. It has what Popper
has called falsifiability which is characteristic off powerful theoretical
statements, (Popper, 1959). The prediction based on Pascual-Leone's theoty
which this investif®ation sought to test was this. If M~space does placQ a
'gdnstraint on the number of figurative schemes a child can coordinate, and
if coné%;vation does in_fact require the coordination of 4 specifid nuzﬁer !
of figu tive schenes, then not only should a positive relatiopship exyst
betweén a child's M-spacet and his ability to demonstrate conservation .
reasoning, but e¢hild¥en should not demoustrate conservation of quéntities_
for which the required number of figurative schemes exceeds their WFspace. .

T - ? « 3
’ . METHOD ) .

S ) . .
‘ ‘Subjects.' Eighty—two children (37 males and 45 females) who ranged in
age from 4.4 years to 6.5 years, mean age = 5.6 Years, served as subjects.’

. The children were enrolled in nursery school and kindergarten classes from’
three schools located it upper-middle, class neighborhoods in the San Franciscu
Bay Area.* In.none of the classes had the children been instructed with
newly developed currfcular materials which placed emphasis on consertatlion
ski11%. 1IQ data were not avallable for these children, however, data
gathered from older,stufents in the same school districts showed the averdge
IQ to be approxlmatet;/als .
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" were placed on the table.’

* cduse it 1s shorter but it is glso wider.
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frasks and Procedures. M-space was teasured by using a test vwf Backward
Digit Span (Case, 1975). Each child was tested individually. Tke instructions
and actual series of random digits were tape-recorded. The test was preceded
by an instructign period which included a number of practice items, Following®
the practice period, subjects (Ss) were asked Yo repeat ten two-digit series,
ten three-digit series and ten four-digft series backward. The rate of digit
4 presentation was approximately one per second and each series 'was.-preceded and _,
f llowed by an auditory signals Iesting was discontinued after 5 failed four
consgcutive series of digits. If at any time during the testing 5 was 1n need .
6f more time, the tape was, stopped and not started agaln until 5 was ready for
the next series. Each $'s score was obtained by sumning the total nurber of
digit series that was accurately revdgsed. If an S failed to gorrectly reverse
any of the two digit- serieg he was considered to have an M-space of e + 1.0,
If he correctly reversed all ten of the two-digit series and none of the
three-digit series he was considered to have an M-space of e + 2.0. If he
correctly reversed all of the two-digit series and "5 of the three-digit series
he was considered to have an M-space of e + 2.5 and 8o on. The split-half
reliability of the measure was .83, ) N ‘

v

.

The conservation tasks administered were conservation of nhmber, sub=

stance, continuous quantity and weight. All conservation questions were

asked 1n a counterbalanced order. - The tasks were individually administered

in the order in which they are listed belowq Since each edsk has been

‘employed by previous investigators, only brief descriptions of the tashs

and materials “used are included & ' : .

‘ ' L
For weight (e.g., Elkind, 1961) two balls of clay were pres d S.

One ball was then transférmed into a pancake shape. Acco ing ¢ scual-

Leone the M-space requirement of this task {s e + 4 as, nentioned previgusliv, .

To measure continuous quantitxﬁ(e g Goldschmid 1967) two identical
beakers (100 ml),were filled with equal amounts of water. The water from
one beaker was then poyred into a 50-rl pyr®x graduated cylinder.

-

For substance {e.g., Elkind, 1961) two balls of clay were presented S,
Cne ball was, transfbrmed into a’ 'Botdog shape. - &

L]
l

For number (e.g., Goldsghmid 1967) two rows of plastic poker thips

Each row contained sIx chips.™ One row was

shortened by pugh the chips together while the other row was lengthened Y
by spreading the chips apart, - . J

The H-space demand for the contisuous quantity, substante, and
tasks 1¢° assumed to be e + 3. The executive scheme and figutative
required for the ‘conservation of Substance have beenrr listed above. .
required for the continuous quantity'and number tasks are the sawe except, -
of course, S must reason about liguxﬂ amount and number of plastic chips »
rather than solid amount, For Ss to be judged conservers they h#d’ to re- .
spondr same' and offeg valid explanations for, their, answerd, e ¢, idedtity-—
they are the same because you did not add aﬁ?@ﬁing or take anything away, '
inverslon reverslbilfty--it is the same because you”tQuld pour the water back
into the glass to the same level,” rectprocity revergﬁbility—-is the bame be-

A.conserVation respansg folleowed
by a correct explanation was awarded two polnts. , A {omservation response
‘ollo&ed by an incorrect explanat}on was awarded one point while a ﬁuﬂCOpr[-
vation response was gwarded zero _points.,
. o

nucber
schemes a
Thooa

»
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- " RESULTS - - ' /
Lo _
.« o .
Responsed on the Backward Digit Span (BDS) measure ranged between M-space
values of e + 1.0 to e + 3.2, with a méan of e + 2.2 and standard deviation of

.53, For children of these ages (4.4 to 6.5 years) this range 1s very close
to that stated by Pascual~Leone (Case, 1972b; Case, 1974a).

Intercorrelations among th&\conservatlon task scores, M—Spgce, and
age are shown in ¥able I. Inspection of the table shows positive and sig—
nificant ¢drrelations between M-spaces and the cofiservation of number, sub-
stance, an{l continuous quantity tasks (.29 to .50 p<.01 to .001). M-space
correlated/significantly with age as well (.38, p<.00l), .Intercorrelations
‘among the/conservation tasks were substantial (.52 to .84, p<. 001). The

conservdtion of weight task, howevet, did mot correlate 81gnflcantly with .
M-space (,13) ¢r with age (;07} s
., TABIE 1 L _ ..
SPEARMAN CORRELATION COEFFICIENTS FOR TASKS ADMINISTERED AND AGE (N = 82) -
i » . .’ .
Variabled M-s'pzfce Num. ' Sub. Cont.’ Wgt. Age: ~
+ 1

M’Spacen-oao-o-‘/ 1 .

Num.-----oaoo-o . 050**' l - ) )

SWuvrnrrennnes  J29%  6TRR 1 ‘ )

Contavsnvnssnns L35k LB2%% LBhkxk 1, . .

‘-‘L ' . * L]
SWEBL i s e nnnnnnan .13 “ 52k L63%% LB5%* 1
~ o
AgCe.viirieanas . 38kx L31% L 34%k L34k . 07 % 1.
t

3M-Spacg =, Bdckward Digit Span, Num. = conservation of number,

Sub. = conservation of substance, Cont. = ¢onserwation of continucus quantlt,,

Wgt. = conservation of weight. .

- , . N . ’(
- <
*p<.01 ’ . . ,ET ..
**p<0001 ’ * ¥ ( ‘
In order to ktoub Ss into disorete Mcspace levels, scores on th2~BDS

test were rounded off to the nedrest whole number. Thre@ groups of Ss

were formed IR this manner. The number of Ss at each M-space’level "and

the proporcion who demdnstrated conservation reasoning respo sa of . |

'same' followed by a correct explanacion) are shown in Table 2. | None of ] 1

the _Ss with M-space values of e + 1 demonstrategd conservation’ ggasoning
on any of the four tasks. Also, for each task, Ss with M-space$ of ¢ + 3
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values are shown in Table 2. On the conservation of number task group

differences were significant beyond the .001 level (X% = 23.99). Group

differences on the consenvation of substance and continuous quantity tasks ¢

were also significant (X = 9.38, p<.01). On the conservation of weight

task, group diffe€enges reached significance at the .10 level (x* = 3. 43).

- Of particular, importance with regard teo ‘the” predictions which this
investigation souglit §o test, a substantial percentage of Ss with M—Spac%§
of e + 2 demonstrated conservation yeasoning on 1 four tasks (33% on
"number to 237 on weight). Alsa a substantial-p&rTentage of $s with M-spaces

1: . of e+ 3 demonstrated conservation of welght (26%). . . ;
., TABLE 2 ' ‘ . '
PROPORTION OF CONSERVATION *SPdNSES AND CORRECT EXPLAhATipNS‘
FOR SUBJECTS WYTH DIFFERENT M-SPACES .
u‘ " _’..«—J ~ :
. M-Space » .
Conservation ,e+ 1 + 2 e + 3 ) Chi®
" Task (n » 11) (n = 40) (n=31) Total (¢.f. = 2) )
. - (00) (53) (84) (57) . \
Nurber, 0/11 21/40 - 26/31' . 47/82 23.99%xx
. ’
(00) (45) (52) . '- (82) )
Substance 0/11 - 18/40 i6/31 34/82 9.738%x
' ' /’_ ) ‘ .
*€00) (35) (52) (37)
Continuous 0/t . . 14/40 16/31 30/82 it 9.38F N
Quanticy . ' .
] ‘ } | ) , .
(00) (23) (26) (21) .
weight . 0/11 9/40 8/31 17/82 3.43% |
, ‘ 1
- : : |

Note{ Figures in parenthesels, représent percentages ' of subjects who demonstrated
* conservation responses and correct explanations.

. “»
‘ .*p<l10 ~ ’ ot . l )
’ . **p<01 o
kkkp<, 000 . . .
- \ . ’ - . R . - -
’ DISCUSSION .
) e 0" * k ' » % g '

.
« * o .
’ > L .

The initial prediction that a positive relationship should exist

between M-space and conservation' reasoning ability has been confirmed.

Alrhough only eleven Ss were found to have M-gpaces of e + 1, none j
demonstrated conﬁervation reaconing This result is supportive of Pascual-
Leone's position that M-space places 2 constraint on reasoning ability.

Further, since a'stgnificant positive correlation (.38, p<.001) was ob-

tained between‘%«spate and_age, the hypothesis that H-Space increases
,witH age was also Supported The“obtained M-gpace range (e + 1.0 to e + 3.2)

g . -
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for Ss of this age range (.4 years to 6.5 years) also was yery ‘close to .,
. . that predicted by the theory.

- .

A number of results, however, were found wiich appear to be guite contra-
. dictory to the theory. Recall that M-space is intgrpreted by Pascual-leone
a9 ‘a necessary condition for soleng a Flagetian task at the normal age level
and under normal learning conditions (Case, 1972b,'p. 342). Since the maximum
. masured M-space for $s In this study ~as e + 3.2, none of the Ss, accordpng
to tne taeory, should have deronstrated conservation of wéight since it theo- i
retically requires the coordination of e + 4 schemes. Also none of the 40 -
$3 with Mospaces of e + 2 should have demonstrated conservation reasoning on’ '
r any of the tasks Si/ce alT the tasks supposedly required coordination of at
least ¢ + 3 schemeg for successful completion. It should be pginted out, once
again, that in none of the classes from which Ss had been se;ected had learnlng
activ1t1eo been conducted which .ere specifically designed to'train conservation
skills. In other words these students were found to have normal } M-spaces for
their, age range, and the learning condltlons/zn their classrooms were also

- 'norral,’ nevertheless, a large percentage of studernt. deronstrated conservation
reasoniﬁg This result clearly appears contradictory to the theoretital
predictions. - LI -

f ) . s .
: Prior to discussing a process which may make 1t possib fore + 2 Ss to

conserve, a brief comment on the peasurepent of M-space shduld be made. FPascual-
Leone, dlstinguishes two reasures of M-space, functional M-space and M-space
- capacity. Functional ¥-gpace 1s that M-space brought to bare in specific situ-
ations and, in some cases, It may be less than the maxiun M-space or M-space
vapacity, Whether or not a person uses his full -space capacity depends upon
the situation. With this distinction in mind, 1t may be that the BDS test
produced a measure of functional M-space less than S5s maximum M-space capacity.
The conservation tasks, on the othe:;hand may hawe been conducted in wuch a
way as to allow $ to use his maxiwmum M-space. If this were ghe case, then
the reasun somé& of the 5s were able to conserve was because they did in fact
have M~spaces if e + 3 or e + 4 and this fact simply did not show up on the
BDS test iggce 1t measured functional M-space. This explanation is, however,
quite ingdequate for the following redson. Ss performed very well on the BD:
2 test relative to M-space capacity norts established by Pascual-Leone and Case
(Case 1972b; Case, 1974a). In other words, the obtained M~space range of
e+ 1.0 toe + 3.2 was not below what would be expected for children.ef thest
ages. In fact, it wals slightly above the norm. Since M-space capacity varie:
* little from popylation to popu%ationx(Pascual Leone, personal communication),
the obtained M-space values for this sample were nost,likely very close to . ﬁ\\\
raxioum. . . . : .

-
-

One additional result appears to be in, need of explanation. Since .
the number, substance, and continuous quantity rasks all presumably required
- . the coordination of e + 3,s8chemes for successful completion, it fught .be
i expected that these tasks would be of nearly equal difficulty. ,Reference, .
‘ . cce again, to Table 2 shows that 47 of the.82 §s conserved nuzber (574 . ' :
On the substance task, thif figure was only 42%, while.on the contlnruous
quantity task the percentage was still smaller (37%). This difference in .
proportion of consexvatign responses was found to be significant (Cochran's

‘ - - -
~r N 4




Q¢ = 20,17, d.t. = 2, pv.001; Siegel, 1936, pp. l61<166).' Perhaps these
v differences can be accounted for by dlfferences 1n arount of "percéptual ‘
pull" of the, Achs thenqvlves. 1he misleacing perceptual cues of the con-
tinuous quantity and suhstance taske mav by greater than thope for the pumber .
task. Indeed, the continuous quantitv anl substance tashks 1§volve perceptual
. transjormations in tuo dimensions whale only a tranformation in length is
perfor~ed durine tne nurbur task. Tpis < .pothesis wodld lvad ome to predict
, . that Ss who dercpstrated conservation ol al. taree quantitles are rore field -
independent tnan those whe censerved onl. nurber. This h/pothesis, however,
will not account for the fewer number of corfect responses on the weight
tash (217), since the pull of the perdeptuak‘fivld for this task and the
substance task would seer to be nearly identicsd. .

now car these data be accounted for and still retain the idea of M-srace
33 a constraint on the growth of conservation reasoning across different
S quantities’ The tneorv states: (1) correct judgrents result from a coordi-
natzor of psvchologicallv unitary *elements called figurative schemes; (2) the
" runber of such scheres which can be coordinated at any one tire 1s limited by
the si1%e of the person's field of centration or *-space; and (3) the size of *
this M-space can be deterzined by a meusure of Backward Digit Spar. Secon-
darily, and indpg@éndent of the theory, tue number of figurative schermes
used for any ta'sk 1s determined bv analyses of enplanations given on tashs.
This provides for specification of the precise nfurber of, figurative Scheres
. " (n) which appear to be activated for any one task. Tne tneory uses the
result of tnis to predict that conservatidn responses will, not Ibe -obtalned
from an $ whose vf-space is enceeded by n. Success of this prediction de-
pends upon the tneoretlcal statements belng accurate, upen an accurate
determinatinon of Ythe nurber of schemes required by each speczfic task ‘
w, and wuwpon accurite measurerent of the variables involwed. Our resul.s .
‘indxcate fallure but do not reveal its source. -
Sorgmsupport for the theoretical statements cores from perfcrmanc-
of the M-space Z’b + 1 85, The JLheory predicts failure op the comservation |
. fases hv these §¢ gince 1t holds that judgments (bv definition) re-uire a |
ranimun of two figurative scheres. 4 limatatiop of nhe fipuritive scherw |
. lwplies no possibilitv for inferential Judgrerfp It repains to corment o |
the success of the M-<pace m ¢ + 2 8s, If, an wav <an be found to sreue the |
(//’ possibilfty o an M-space = e + 2 conservation responce, then 3t will Le raat
R ruch rere difficult to believe the theory;, 1f, however, it 1is possrblo tn
. _arrive at a conservation response under the er= 2 -onstraint, rher 1r rac he
" that the* theory can be rctained while onlv tatements ,eﬁardxqg tpe r(quxre,
nurber Pf fipurative schemes need be wodified, . ’

. . .
» L

‘s an example of an & + 2 conservation response, the following sequence could
apply to the substance or coptinuous quantity taske<, I ergerirartar (%) ask .
. .S 'Is there the sare armount of clav in both, ur does one
" (or some equivalent question)?' S "reason<™ wirh the falld\fng schemel:

(e3) An executive Ncheme representing the juestion 'do the balls have
the sare arcugk of clay in them?'

- ) S
'In fact the four conservaticn tasks todsed 4 uni%iment poual ordered scale a
determined bv a Guttman scalogram analvsic. This analvess 1¢ a test of the
invariant ord-r of dcquieftiOn of the conservatlon coucepts, A coetficient
of reproductbiiity of ,97 was ohtainvd with the s¢aled ﬁrdf‘ as follows:

Q . Aunber, substante, continuous quantity, weight.

ERIC  * ‘ ‘o

Aruitoxt provided by Eic:

.
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(1) A figurative scheme representing the fact that 'the balls wgre the
same at the start.' ’ ’
(ep) An executive scheme representing the guestion "'did E change this
I3 anount?' .
(e3) An additional executive scheme representing the questlon 'how does
. one change the amount?’
. (1) A figurative scheme representing the rule 'to change the amouét
you must add clay to or take clay away.' o
(ey) A figurative scheme representing the fact that 'E d1d not add clay
to nor take clay away from the ball which was trans formed. .

Correct conservation reasoning then requires the coordination of the following
e + 2 schemes' S e . :

d
. R < * i ’ ¥ 4 . . '

(e ) An executive scheme representing the question 'do the pieces

still have the same amount of clay in them7' % ) ;
(1) A figurative scheme representing the ruld 'to change the amount
you must add clay or take ¢lay away.' . - - e

(2) A figurative scheme representing the formation 'E did not add
clay to or take clay away from the ball which was transftrmed.'

. !
Therefore E dqd not change the amount {.e., they are still the same. .
. ¥ r ‘ o
. 1 )
. By introducing additional executive schemes 1n this way the M-space -

constraint of e + 2 is never exceeded and successful conservation reasoning
. is possible. Crucial to the validity of this explanation is S$'s use of self-
chosen executive schemes replacing E's original question. If $ can indeed
do this, he then can presumably coordinate the final two figurative schemes
without overloading M-space. There is, however, a credibility trade off
here. Too many executive schemes lowers credibility since it suggests highly
skillful ability to ask the right question at the right time. The other .
conservations-require no different arguments but others can be offeved. For
example, the conservation of number could be coded by § into the executive
scheme 'count the two rows.' § must retain in memory the number obtained for
one row, however, he need not pay attention to nor use knowledge of the
:ransformaplon of the rows. As for conservation of weight, suppose that
tamount' and 'weight' become interchangedble in the context of the experiment,
{.e., S recognizes that you can change the one only by changing the other
Then S need only proceed as outlined above. In response to counter—-suggestions
or to justify theilr origihal responses, S's need only point out that E
did nothing to change the amounts involved. This_does not imply that 5
required a separate step in M-space to explicitly use the equivalence 6f
amount and weight. Some Ss make no reference to the amount. This further
supports the idea that “it is.not necessary to reason in terms of amount ard
then substitute weight for amount in the conclusion. Presumably Ss with
M—spaces of e + 2 who do equate weight and substance demonstrate conservation -
- of weight, while those who do not make this Fquivalence do not conserve welght.

It would appear that a truly stringent test of the theory would require

construction of a task (other than conservation) for which it 1s necessary

(at least compellingly reasonable) to contlude tKat an Mw~space of e + 3 is

- needed for success. The data presented here suggest that use of the ideas
of increasing M-space and coordination. of, specific figurative schemes to

explain the order of acquisition of conservations has district limitatzons.

s
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