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'ON THE DEVELOPMENT OF MORE AND LESS

ED 073839

Susan L.‘Weiner

o SR " Columbia Uhiversity o
Abstract

gggg and less were analyzed into twd,meéning dimensiohs, ”existeﬁce"
(derived from cﬂildren;s’early language)‘aﬁd ”quantity,” whiqh‘Qerg
hypdthesizéd‘to bé.deVg;oéﬁentally related:to acts of addition aﬁd sﬁbtraé—
“tion. Two eXperiménts tested two- and\thrée-yeéf-oldsfcom@rehénsioﬁ{df
these conc&pts‘when,initialiy‘equaloruneqﬁal«roQ;‘were addéd;tp,-éubtracted
fr§m‘or‘léftvstatic, Addition and suﬁt;mftipnlhad‘little effect‘oﬁ §$'3com—
preheﬁgionyéf éithér\term.f‘§éHunaeréfobd ngg¥firsf wﬁéﬁ‘nuﬁber charaéter—‘
.iéficéofthearréylwere'relatiyeiy’lgrge, nggéstihg 'ﬂény'las an;iﬁtgr_
mediate‘étaée of‘meahing‘for‘ggzg. 'Nalévidénqe was féuﬁd‘fqr lg§§.meaﬁing
‘ggzg‘as others haveclaiped.' §$ under§ﬁo§d less iaﬁer‘ﬁhan mgig; a dif-

ference attributed to. the regtricted'use of less as 'smaller in amount.'

@j%@ .
,‘  A‘€§ﬁ§}H .
-  {€§§3   ‘ff‘
‘L €:§;‘v‘ i ,,

;,‘w;;:¥# ‘>‘tv4#’ g




“ON THE DEVELOPMENT OF MORE AND LESS!.

Susan L. Weiner2

‘Columbia University

_ 77 Recent studles ot semantic development whlch attempt to descrlbe
chlldren ] acqulsltlon of word meanlng ac the accumulatlon of. semantlc‘
features or components, ‘have prlmarlly explored and derived thelrhev1dence
from chlldren s knowledge of relatlonshlps between words, espec1ally between

fantonymous pa1rs of words - (e g« Anglln 1970 ‘E.. Clarﬁ, 1971 H.‘H Clark

l970 Donaldson & Wales, 1970) Whlle this paper exam aes the development of

a. palr of semantlcally related words more and 1ess, it ccncentrates‘on how

in chlldren s 1anguage these‘words map onto’the perceptual world ; By enaly21ng
the nonllnguistlc contexts in whlch woung chlldren produce and. comprehend
'particular words; it is hoped that the processes by wh1ch they acqulre words

”and the1r meanlngs can be spec1f1ed

An Analys1s of the Varlous Uses and Meanlngs of More and Less

‘For adults, more and 1ess encode the relatlons greater 1n‘amount"and
smaller in amount' respecrlvelw (hereafter called the quantity" senses of
these term ) and thereby prov1de a means‘for quantltatlvely orderrng any.two
1entities. Chlldren s use and comprehension of these terms" thus suggest the -
;hi;development cf an unaerlylng ablllty to make”51mple comparatlve Judgments oflhf:
tquantlty“ The ab111ty to jung one entlty'as‘ greater’than "v '1ess than
‘{nanother seems bas1c to the klnds of Judgments 1nvolved 1n‘m¢fé'¢§m§‘tx con-

) cepts of quantlty, such as those based on" unlt measurement llke number,““-

:welght, and volume.' Investlgators 1n the past have used more and less to
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assess the acquisition of uuch concepts, especially in children four years'
and older (e.g., Piaget 1952 Sinclair de Zwart, l969) In these studies,
‘ children are required to comprehend more and less when applied to ariays of

obJects which are often perceptually misleading.( The present experiments

used these terms to apply to perceptually Simple arrays in an attempt to study

two- and three~year -olds' elementary ability to make quantitative Judgments
It has been observed that chiidren youngei than two years use more in -

‘ways different from the adult use as greater than.' On the basis of the
nonlinguistic contexts’in which her Ss (12 to- 23 months) used more, Bloom
(1970 ‘in press) inferred that chiloren were expressing the notions (a)

recurrence of ‘an obJect or. event (after its intervening disappearance or
cessafion) and (b) another instance of! an already preq"wt object; an
,example of‘(a) Kathryn (mean length of utterance MLU 1. 32 ,. age 21 months),,

‘lOOkJng at. a picture of. cereal after seeing the same picture previously, said
&

"more cereal (Bloom l970); an example of (b) at: MLU 1. 58 age 22 months,“

‘Gia saw two lgloos on the page of a book, said igloo, p01nLed to the second -
‘one and said 'more igloo" (Bloom, unpublished transcript) In both uses of
‘more, children seem to ‘be making underlying 1udgments about the perceptual
‘and functional s1milarity of ObJECtS and events., ' |

Children s use of more to express recurrence‘,is acceptable in adult

"3Engllsh (especiallJ when combined with another quantifier like some or. a‘y)

fand is- synonymous with again.~ Childrer s use of more asr another instance of

is intuitively unacceptable to adults.. “one, cannot describe the second of two

obJec s -as’ ''more.’ However, an examination of Bloom s publisheo and unpub—

lished data by the present investigator indicated that Ss used more in

:
t
i
i
i
i
,,
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‘contexts of both a s1ngle other - 1nstance and a collectlon of many other
instances. TFor example Kathryn (at same MLU and age) said ”more toy
she went to a bag of toys after playlng w1th a wire man: (Bloom 1970).. ne\

'cannot determine whether Ss d1st1ngu19h these two uses since at th1s stage

they do not use plural Jnflectlons.‘ The sense of more as ‘many other simi—
lar instances' is like the adult sense ofv'additional';3 for example, the

sentence, Herc is one rack of dresses, and there are more dresses over there,

can be 1nterpreted as ber rig about .the presence of other entities s1m11ar to

an or1g1na1 set w1thout necessar11y 1mp1y1ng an- crdered greater than'

relation.

* These senses of more, aga1n and addltlonal descr1be features of

- the Speech productlon of ChlldrEH durrng their second year. Because their

psychologlcal d1st1nct10n is questlonable (see We1ner, 1971) these”senses

: are. de51gnated here s1ngly as the existence 'sense, exiStence"~because

they convey notlons of the presence and s1m11ariry of certa1n ooJects to

,other ob]ects.‘ Some 1nvest1gators have cla1med that chlldren can, however,‘

comprehend more in 1ts quant1ty sense at‘two years, the age at which they
seem to be produc1ng the existence ‘sense of more.

: In a series of exper1ments de igned to test notlons of quanC1ty, Mehler

,and Bever (1967) and Bever, Mehler and Epste1n (1968) found that Ss at two

years can-correctly Judge whlch has more after ore of two 1n1t1ally equal

fand aligned rows of obJects has been both added_ro‘and contracted 4 Ihe"

gyr

) authors argued that Ss comprehended more as a " omparat1ve 'term, in" the
-‘present terminology in’ lts quant1ty 'eense. Be111n (1968) suggested that

'uMehler and Bever s’ Ss responded to E's act'of add1tion as opposed solely to

“the re’atlve quant1ty of the rows after the actlon was compreted Ingthe:w
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‘view by E) or its quantity sense (the final state of the rows) ‘§;;alsod

“might be between thL existence and

'jto that of more,[before they acquire‘less in its quantlty sense, An

‘ utterance less x could be approprlate Ain a S1tuatlon where X 1s plESEnt and

...4...

dlstlnctions drawn here, Ss. might have comprehended more . e1ther in 1ts

i

1stence sense (referrlng to the 51milar new ObJECtS brought into S's

-

- " ks ‘ .
could have succeeded simply by choos1ng the. row F changed

Beilin‘(l968) and Bever et al (l968) attempted to test these alternatlveq

Bellin found that Ss (three to f1ve years) responded to a questlon w1th more

,much better when they could- observe an addition or subtraction transformation .

than when they'judged only static unequal Tows. Bever et al., however, found

‘afthat Ss (two to three years) were hlghly successful in responding to a questlon

with more when shoWn two statlc rows.) If one examlnes Mehler and%Bever‘s,

comparable data from 1967 and 1968 it‘appears‘that}two;year~old Ss are even

more successful in cumprehendlng more when applied to static‘vs. visibly .

,transformed arrays, a f1nd1ng contradlctorv to Beilln s results. ~It remainS‘

‘unclear,‘therefore whether chlldren at two years can comprehend more in 1ts

quantnty sense and more - 1mportantly, what the developmental relationshlp

"quantity senses.

TN

"

Whlle there 1s as yet no evidence itpis at least logically possible that

oun chlldren could ac u1re an‘ ex1stence" sense of less, which is antonymous
y q eX1st sen: =E88, , nymous

: fsome«or,all%or x;is~removed then less mlght refer to the removal of x.: Thus‘ - ‘Eg‘

i a (nonarithmeticd sueractlve aense of less would ‘be’ comparable to an.

S

*fadditional sense OI more (see footnote 3)

. A , : Do . ‘
Unllke the earlv ‘requent use of more, chlldren do not use less when ;

_kthey f1rst begin to talk (see,:for example, Bloom, l970 Bra1ne 1963;‘Brown;

o . . (PN o




‘contrasts, s1nce 1ts use by adults is: not context bound), more expre<ses the

in press). Children have other‘wordskencoding COnditions of‘removal, dis-

appearance~ and nonex1stence, namely, no _more and all gone, suggestlng that

the concepts encoded b“va hypothetlcal subtractLVe sense of less are

already avallable to the young cnlld for less to develop in thls way.

‘ Although comprehen31on of the quantity} sense of ;gss has been‘frequently
reported for chlldren at‘about four years’(e.g., Beilin;, 1965; Sinclair de
Zwart, 1969), a-strikingiy different result has‘been reported by Donaldson'
andaBalfour (1968)r“0n,the basis of a problematie experiment, Donaldson and .

Balfour‘inferredfthathgs,3—6'(threeyyears, six. months) to five years interpret

- less  as if it meant more. This claim, however, is inconsistent with "the

fact that when §s of this age first produce less, they do not confuse it

with.more (see Griffiths;‘Shantzv&’Siegel,fl967;<Sinclair de Zwart; 1969) .

AFurther;“this‘claim becomes ambiguous in light of the distincticns made

above: ‘which‘sense(s) ofkmofeudoes‘lesS'meanffor children? The question

remains how the development of legs"oompares‘With‘that‘of more, and if;that

development can be accounted for in . the same hypothetical scheme as that

for.more.

The proposed analysis of'more and less’can be'summarized‘as tWo hypothet;

1cal meanlng d1mens1ons w1th both terms taklng contrastlng Values on each

jdimenslon.~AFirst the ‘existence d1men51on, derlved Prlmarlly from chlldren s

‘;feariy'produotion"ofVmore;fcan,befdescribed inpterms‘of”contextual features;ffMorebf

V.

** ‘can be characterized by the presence of.entities similar to aa original or . . -

”bartiouiar‘otherﬁentity‘infone's’immediateﬂperceptual“surrounds[”%ﬁ?poSSiblej

”existencé sense of ess can- be cbaracterlzed by the absence of some ent1t1es.

ﬁsecond on the‘ quantlty d1mens1on (whlch need not be descrlbed as contextual

RN
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relation of two entities as 'greater in amount' or 'greater extension of
quantity,' while less relates two entities as 'smaller in amount' or 'smaller

‘extension of quantity.'

“ Some Hypotheses on' the Development .of More ard Less and Their Relation to

the Development of‘Qpehtitl’ ' - \*

The contexts in which children use more, as well as the.findings of

Mehler, Bever, and.Beilin suggest. that acts of addition and‘subtraCtien may

he.critically]releted‘te children's developing eomprehensien of more and less.
There are ateleast;three‘leﬁels to‘the,afgument:that sueh‘a systemetic reletion
yexists, aﬁd'Experiments I'ehd‘II desCfibed below wefe'designed>to’test‘these.
Fifst,fsinee childten elese tottWo‘years‘preduee EQiE in,situations

' whieh‘cen be cdhstrued‘as "additionwlike" freh the adelt Vantage‘point;kone
miéht expect:§s‘to cbmprehend mgze.ihhits "existence" sense hettey in an
eXpefimentei‘eohtext*id whiCh'E7brings into‘View:new objeets‘like.those"
ptesent than one 1h whlch thls cueyls not avallable,bas‘ln a sebttactlon or
statlc contegts.’ Analogously, if chlldren vaulre an existencee sense of t
less, its‘eQmpréhension might depend on the removal of instances5 which‘
were ereseht} Thus one would expect better comprehenslon of less in a
‘context in whlch‘objects were subtracted than one 1n.wh1ch they were e1ther'
tgddedxor”left static..:)t |

i Secend acts of adaltlon’and sebtraetlen may he the means‘by whleh
:vchlldren develop from the ‘exlstence to th quantlty ‘sensEs. Chlldren ?h
ma&yeQenthally realize‘that‘the‘comblhatlon of new 1nstanees“with those
;pfeseht‘fotms %.pereeptua;ly‘largerwcollQCtioh §hapfeither?the eriginel,orh_

the new instances alone. = The'"existence' 'sense of more might develop into .
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‘the "quintity" sense by an understanding of the quantity-changing sroperties

of acts of addition. Analogously, a1 "existence" sens2 of less might

dévélop into the quéntity" séﬁse,%y‘children's recognitibn that the
reﬁova1 qf_6Bje¢ts Eﬁa;gés;thé pérceptuai;dimeﬁgioﬁs of a‘coliectioh; and 1/
;fhereﬁéichanges‘its qdantitative‘chéfa¢teris£iés.

E(perimeﬁt Ii .48 p;rtiéuiarly designéd to distinguish ”existencg” and
"quant ity" comprehension'by seﬁarating‘aété‘of é&ditioﬁ aﬁdléﬁbtraction-from
theif 3u£Comes ;elaﬁiye to‘a tompérisoq row: half.thg éddition transforma-
tioﬁs produéed moré éﬁjects‘rélatixe fo'thekcompariéqn roﬁ anéjﬁalf'produced,
less; half the subtfaction’tfénsfbrmétioﬁs ﬁrédﬁcéd le$s‘relativé'té the |

‘compérison row énd ﬁélf produced more. Ss could exhibit "éxistenée"
;cémprehensionfby chpbéing the‘foﬁ'addéd,to (fof‘ggggfqueéfions)‘df*Suﬁtracted
f;@m (fér_lﬁ§§> rggérdless‘ofvwhat_fiﬁal‘QuanﬁitaFiQe.relétibn oBtéined

between the two rows: Further; if addition and subtraction were the means

by whicﬁ>childfeﬁ\develqpk"quénfif&ﬁkcomﬁrehension qf7moreVéﬁdflésé
respéctiﬁely,‘éne”might expec£ iﬁ Experiment II a‘greafer ﬁumbér_df correct
responses’td ﬁQEE qﬁestions‘id the'édditién coﬁdition produéing-relétiQely., '

' ﬁore‘objééts than either in the additio; conditiéh ﬁréaucing rela:;Qely‘.
fewer objects or in the static.condition. Likewiée;queywdﬁld‘éxpect better -

"quantity" comprehension for less questions in the condition in which

'~ subtraction produced ‘relatively fewer objects than in either the static

" condition dr‘initﬁe7c¢nditibh in‘Wﬁich'éubfractioq‘producéd"mcfe objects.
y‘ff?Thejthifd andﬂbroadeét]leﬁélrdf thefarguméntvrelatiﬁg additibn épd* S

“subtraction. to children's comprehension' of more and less concerns a possible

':faéilitating effé¢tftheseftraﬁéformationsfmaylhéve'on the development of the -
gehéral‘ébility‘to makejqdaﬁtitétiVEféompafisdhs. QOﬁe%éoﬁidepecdlate'that ‘, EANENERRER: i

ERIC

[Arui e providoa oy enic [
Ve ERE




FullText Provided by eric [l

‘f‘mean age 3 9

-8

acts of addition and subtraction could beﬁ”internaliZed" in Piagetian
fashlon to become cognitive operatlons, maklng any task ea51er in which

Ss Judged the relatlve quantlty of ObJECtS in contexts where Guant1ty—

‘ changlng transformatlons were observed as opposed to in stat1c contexts.

’

" While there mlght be no d1fferential effect of addltlon on the comprehension ‘

of‘more or subtraction on‘the comprehension ofﬁless, ‘one might'expect beﬂter

performance across both transformation conditions as compared to the static

‘conditions regardless of questiontasked} HExperiments,I>and IT also compare

: ‘ co . S R ,
the rates of development of .children's comprehension of more and less.

;Methodw

Before each eXperlment, Ss were asked to polnt to each sectlon of

‘two-part board to prov1de m1n1ma1 a‘surance that they underSLood the. parts

’

;were to be contrastedf;‘Egalso,asked §srto name theitoys,qr repeatfg;s names ‘

1f/S would not do 50 spontaneously AlltSs andftheir‘mothersfwere middle

- class, and their f1rst lanauage was Engllsh. 3Ssiwere‘seen‘indiVidually‘ink

New York Clty e1ther in play groups,‘thelr homes, or nursery schools. - Each

'experimental session‘took 10 to LS mlnutes.‘

Experlment TA and 1B

Sub]ect Ss in IA were 16 boys and glrls rang1ng in- age from 2 l to

t‘3 6 w1th mean age 2 7 Ss 1n IB wer° 18 boys and glrls from 3 5 to 3 11 w1thﬁs'

Apparatus.u For both IA anuyIB toys were arranged 1n rows on’ a board

wh1ch stood at a sllght angle from the vert1ca1 The board was 13 1nches X

'12 1nches, the top 6 1nches were blue, and the bottom 7‘1nches were yellow.:hcefﬂ.”




LTI

Two one-inch shelves 6 inches apart were.nailed on horiZontally. Toys used
on each trial were either identical small blue dolls or red chackers.

Design, There were‘three'transformation'conditions: addition»(prodncing“

 more relative to". the comparlson row), subtractlon (produClng less relatlve to
the comparlson row) and a stat1c 1nequallty.‘ The numbers of toys and the
effects of the transformations are shown in Table 1. Ss were asked two

questions; "Which part has more " ~.’:‘"and "Which part has less 7", making Six

unique problems: three transformatlon condltlons with two poss1ble questlons..
In IA; each S rece1ved 24'tr1als four‘of each-type of problem. n1ght Ss

were glven all more problems on the f1rst day and all less problems on. the

second daonf testing;,eight*§suwere‘given the reverse order. ‘Six‘scheduleshuv

Th

kvaried‘the‘orderfof:lZ problems. - In IB Ss wele glven all 24 problems in a

‘single session.‘ Six schedules varled‘the‘24hproblems. All scheddles were'
randomly assigned to Ss. -
;ProcedUreL Ss were told thar E would place the toys on the board and

that they. had to tell L about them Forieach'trial the'toys were‘arrangedf'

L om the board out of Ss view in v1sual one—to cne correspondence. E.continued; B

g;‘fSee?how many*swe've got7ﬁ Watch me: do th1s to the M E performed the

”[f'transformation then asked the questlon w1th more or less §sp,task~was‘t

::h;hri; ﬂfpolnt‘tofone'part‘of thekboard_in“response to*gfs3question,j;ffﬁac‘
o Exper1ment IIA and TIB

»Sub]ects.f Ss 1n Experlment IIA were l6 boys and glrls from 2 l to 3 2
Wlth mean age 2 8 Ss 1n IIB were 36 boys and glrls from 3 0 to 4 4 w1th

”mean°agej3—6;,

Ll e
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Apparatus; The board used in Experiment IIA was. like th of Experiment
I but was’ 7 inches X 12 1nches. The toys used on each trial were either
"1dent1cal‘small red spacemen or. red toy- candlcs. 'The board’andctoys for IIB
‘were those used for Experiment 1{' | L |
Design. There were five transformation cond1tionS" two addition ‘two
frsubtractlon’ and one statlc.h One addition transformation produced more T
iobJects relativeyto the comparlson row (”addition produces more );;the other“:
“gﬂhaddltloﬁ transformation produced less relative to the comparison row :
'h( addition produces less )5[ One subtraction‘transformation produced less'
‘drelative to the compar1son row ("subtractlon produces less"); ‘the, other
~subtractlon transformation produced more relative to the compar1son‘row‘;
'( subtraction producesvmore )’ The numbers of toys and the effects of the'h
‘transformations‘are‘shown’1n‘Table l , For each toy cond1t10n ‘S was asked
either;VWhich part has‘more f?ﬁ ”}‘"Which part has less ;?", making lO |
‘unique:problems:h five transformation conditions with two poss1ble questions;p;r
Each S received 20 tr1a1a,‘two of each‘type of problem. Ss in IIA received
,HJO Lrials (one of each type) on two separate days., Ss in. IIB rece1ved all 20
trlaltrin a s1ngle session. Ten schedules Var1ed the problems and were d‘
\hrandomlyfassigned to'Ss., |
Procedure.o The’ procedure was‘the same - as that for Experiment L. Toys
were arrangedfln‘one—to—one correspondence with the left endpoints of the
‘rowsvaligned‘ | | |
'T‘Results‘
The data6 from: Experiments I and II appear ‘in Table 2, §sl performance 1n‘;

rthe transformatlon conditions averaged as. compared to the static conditions

'

N
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for either mor zions was not'different for either experiment

or age group ".isons were done by a Wilcoxon in%hed—pairs ‘

' signed%ranks'testvunless'otherwise noted). Because predictions were made "

‘about the specific effects of 'addition on the comprehension of more and

subtraction on the comprehension of less, ‘these data are examined separately. '

Insert Table 2 about here

[ e o L s . s e o a3 T W

‘hpBgsultsifor‘More‘

It was . argued that 1f chlldren learned the~ quant1ty sense of ‘more

Hfrom the ex1stence sense by an understandlng of acts of addltlon they

would show better performance when addltlon produces more Lhan Jn other

‘fcondltions;] Table 2 shows no d1fference for more questlons between the‘
ﬂaddltlon cond1t101 and e1ther the stat1c or subtractlon condltlon 1n f.

Experrment IB. There waS'also'no difference}between‘the{addition}conditionﬁb:f

3

lproducinghmore and:either,thejaddition‘condition-producingfless or.the
static condltlon for Experlment IIA or IIB (Because of an unusual 1nter—‘

‘actlon Experlment IA 1s d1scussed separately below )

It was' also suggested that the act of brlnglng 1nto Ss viéwkobjects

_‘-llke those present mlght be a cr1tical cue for Ss ,»ex1stEnce”rcomprehensionf

hof‘more. However, Ss‘in‘Experiment‘IIA”and IIB'did:not*choose‘the row'added'f

to’ s1gn1flcantly more often than the Tow subtracted from for more questlons,'

‘*'(in Experlment IIA 53/ ChOlCES vs. 62/ cholces"in IIB 52/ 48/ cholce ).'

Ss three to four years (Experlments IB and IIB) were h1ghly successful

efin'lnterpreting‘the quantlty sense‘ofﬁmore 1n-each,condition.j‘§s,twodto o

three years, however, responded at chance level .5, in 'each’'condition in’
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EXperlment 1A (by-a t test) and in. each cond1tlon except one 1n EXperlment

- I1A, VlZ., 1n the subtractlon cond1tlon produclng more Qg < .01 by X )

This large d1fference betwecn the age groups. suggestLd that ‘Ss 1ntermed1ate

~in age (closer to three years) m1ght be more sen51t1ve to the °ffects of

"addltlon on the comprehen31on of more Table 3 shows thlS was | not so for"
Ss 1n EXperiment IIB Ss in Experlment IIA however,_tended to do better‘
" on’ both the additlon condltion produc1ng less and the subtractlon condltlon .

fproduclng more, although 1n ne1ther case s1gn1f1cantly better than the

stat1c condltlon.f‘

_—____..—__———___ e o e e

These trends of Ss around three years, along w1th the group f1nd1ng 1n‘

‘Experlment IIA that the subtractlon COndltlon produc1ng more ‘was the only
,condltlon s1gn1f1cantly better than chance suggest that some character1st1c'"

‘of these cond1tions enabled comprehenslon of "quantlty ,more more ea51ly

than in: other condltlons.‘ The addltlon cond1tlon produclng less and theff

‘gsubtractlon condlt:on produc1ng more d1ffered from the other two transforma—‘
‘tlon cond1t10ns only 1n the1r 1nrt1al number‘dlfference of f1ve objects:~yhehl}

5 1n1tlal d1fferenceA1n the other two transformatlon‘condltlons‘waslone object‘
‘(see Table l) Further ‘ln the addltlon‘condltlon‘produclng less - one shelf

‘1n1t1ally had one toy,‘1n the subtractlon condltlon producing more one‘shelf o

had aine toys taklng up the ent1re space.

Table 3 shows that the percentage correct for more questlons in’ thei

1add1t10n condltlon produc1ng less for Ss close to three years in: Experlment 1TA
h1s h1gh compared w1th the group mean 56/ 1nd1cat1ng that Ss younger than

kthlS d1d cons1derably worse Incorrect performance on. thlS conthlon by Ss
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closer to two years means that they are choos1ng the row added to. regardless

of its comparatlvekoutcome"that is, they seem«to be 1nterpret1ng more

T,

Questiow an‘”existence, sense.f The‘data of‘these seven youngest Ss
‘(ages -1 2-9) alsofshowuablarge‘though not~significanthdifference,in B

' the percentage:of t1mes they chose the row added to as opposed'to,thehrow"
‘subtracLed from for more questlons‘(oSA Vs. 39/ ch01ces) suggestlng‘further\‘
that the cue of add1tlon‘m1ght have e11c1ted 'existence;dcomprehenslontof,
‘mgzg;l“‘ R B

Experlment IA showed a somewhat d1fferent pattern of results for both

‘:_,1merefand leSSﬂquestlons; PThere‘appears to be ln thls‘experlment“axnegatlvexbv‘kﬂ‘
l;gérgcﬁren‘§;‘ comprehenslon‘of the transformatlon‘opposrte‘to the one“b
usually associated with a term (see Table‘2) p For more questlon Ss d1d

‘f worse 1n‘the subtractlon condltlon than 1n elthpr the add1t10n‘or‘stat1c‘
cond1tlon, although the only s1gn1f1cant compar1son 1s between the addltlond%h

i and subrractlon condltlons w1th nonch01ce responses excluded from the data‘!
QQ <‘ 05) For less questlons;.§s d1d worse on‘the addltlon condltlon thand;b
‘flon the subtractlon condltlon ( 02) Further; és‘performed at chance :
for lcss ouestlons rn thevsuotractlon and stat1c condltlons“and‘worse than S
&l chance‘in the:additlon‘condltlon‘(p_< 02 by a t test) | A pos31ble ;‘fbeii‘

explanatlon of th1s negatlve effect 1s presented 1n the d1scuss1on.‘l‘

-

ReSults fo Less o ORI L “"‘jj o

It was hypothes1zed that Ss m1ght develop the duantityﬂ sense;of less |

¢

Yl

f1rst by learn1ng that subtractlon decreases quantlty.b However,szVg”quantity”

o comprehens1on of less ques 1ons was' no’ better in’ subtractlon than in Stath‘

: ,‘conditions in Experiment IAkorTIB; Further,»ln Experiment IIA and IIB
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‘Ss' ! quantlty comprehension'of less“was not better‘in theusubtraction

‘condltlon produc1ng less than the subtractlon condltlon produc1ng more or

the_static'condition..‘
In ExperimentRIlA'and ITB, uSchould:have demonStratedla‘possible

M»lstence' understandlng of less apart from quant1ty understandlng by

jchooslng the row subtracted from regardless'of:its‘outcome relative to m

_ the comparlson row.””;_ however d1d not show th1s (1n Exper1ment lIA

"l

‘52 ch01ces for the row subtracted from vs. 56/ for the row addedhto, 1n

‘EXperlment llB 54/ cholces vs.,52/)

Ss 1n Experlment IIA comprehended less questions at chance level in:

‘T;every condltlon (by X ), and better than chance in every condltlon in IIB
:,(p < Ol by x ) When the data for Ss about three years were separated
tfrom the gr0up data (see Table 3), the pattern of responses for existence”

’and quantlty comprehens1on was the same as that of the group

%s d1d not understand less to mean more--e1ther in its existence”for{

quantlty senses. lf Ss had understood less as ‘an . ex1stence sense”off

e

flmore based ‘on addltlon (as McNelll 1970 suggested) they would have chosen‘fixrﬁp
'lthe row added‘to more often than the row subtracted from whlch they d1d notif
‘ldo (see percenLages for‘Euperlment IlA‘and llh above) lf Ss- had understood'
‘lessbas the; quant1ty 'séﬁgefofhm¢£é :they.WOuld‘have:chosen the row w1th
w;more objects, resultlng rn worse than chance‘performance for less‘questlons

in’ every condltlon.‘ The tendency to perform worse than chance for less -

occurred only in the add1tlon cond1tlon 1n Experlment IA where a comparable‘,

3

\:tendency to. do worse than chance 1n the subtractlon cond1tlon for more also T

‘occurreda
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'In both experlments, however,‘at least ore S responded Lo less questlons
by polntlng to the row w1th more ObJECtS on’N or. N- l trlals Lhe propor—‘
tion of such Ss was l/l6 1n Experlment Ia‘ 6/18 in IB 1/16 in IIa, and 3/36 d
in. IIB The fuct that the proportlon was h1ghest 1n Experlment IB the
oldest group tested, suggests that th1s tendency may have reflected four-‘~‘
‘ye4¢~old Ss preference for or. percelved sallence of’ longer rows (see Plaget

‘dl968) rather .than the1r comprehens1on‘of less as’ quantlty morel In fact
“l"these camebss were observed durlng the experlment to tend to polnt to the

longer Tow before E aSkEd the questlon w1th more or less, suggestlng that

: they mdy have thought th1s was the"r task
There was . also a tendency for Ss‘ln Exoerlments‘IA and lIA to polnt to
‘the‘longer rowaor less questlons when more questrons were‘eaperlenced on .
‘the first of the two sesslons, whlle no combarable orderkeffect waS'found
for more,;‘In Experlment IA when alleore questlonslwere‘glven‘onftheﬁflrst y"
“_d‘v and’ all less questlons on‘a second day, Ss;, chose the longeryrow‘for‘less{f‘;
"questlons s1gn1f1cantly more often‘than when the‘opposlte order_of duestlonsxﬁ

f:was g1ven (70/ cholces for day two vs. 66A for day 0ne (R < Oliby x )

"In Experlment IIA,‘where both more and less questlons were glven 1n each

ses51on Ss chose the longer row for less on the f1rst day more often than on- f"'

"Jthe second day (6l/ cholces for day one vs 41/ for day two R <“ Ol by a‘

- ;w;lcoxon test) Donaldson and Balfour s (1968) cla1m that Ss 1nterpreted

' less as. more was based on an experlment 1n wh1ch all more questlons were

‘ glven on’ the f1rst day, ‘and all less questlons on a second day. The effects

‘f‘found part1cularly in’ Experlment I suggest that thelr f1nd1ng m1ght be largely5w py

o attr1butable to thls order effect.‘»b
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'~Experiments‘lA, IB IIA and ITB together 1nd1cate that Ss overall
*comprehension of ! quant1ty -more develops earller than their comprehen31on
of quantlty less.‘ In each expeerent more was - understood better than '

less, although th1s d1fference was 51gn1f1cant only for the older Ss

(E.< 001 by t test for both Experlments IB dnd IIB)
~ Discussion .

Wh1le addition and subtractlon“had some effect on‘Ss‘icomorehenslon;Ubﬂ
‘,the‘results‘showed llttle cons1stent fac1l1tatfng effect‘that would be
fexpected‘lf‘these transformatlons were the cr1t1ca1 factors 1n the developi‘;
. ment of: chlldren‘s‘senses‘of-more“and 1ess.f\The results, however ‘providehi"‘
“new clues about ‘how the ex1stence and quantlty‘ senses of more‘mlght bebb
"related about the development of less, 1ts relatlonshlp to‘more,’and
"Lflnally about chlldren s‘early cognltlve ablllty to makewquantltatlye

'compar;sonp.*q‘,

',ijn the Devel;pment of More‘

The fact that E s questlon wlth”more‘occurrlng after the act of addl; f“
*btlon was not‘sufflcrent to ellclt‘"ex1stence comprehen51on cannot be.
‘mlnterpreted ‘as’ evldence for“Ssx_not haylng a‘sense’of more of‘the tyoe‘
lfdescrlbed by Bloom /1970 ln press)‘ hather 1t only 1nd1cates that the
experlmental context d1d not e11c1t‘1t.i One p0551ble reason’ why the’
'eXperlments fa11ed to do so was prov1ded by 1nformal testlng after‘EXperl—‘
ments IA and IIA E‘made two‘dlfferent slzed groupf ofbtoys; -and dskedu
RE ‘duestfons‘suchuas 'Show me/ Where are there more fL‘ Ss responded by ]f‘ffb
g “plelngmuﬁ one‘toy from a plle or. from another source _and saylng,

more:* or by peerlng 1nto the bag of toys and‘saylngf_more;;t” Thus
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ithe,”existence” sense appeared to be in active use by at least some Ss

between two and three years. Further, Ss reSponses suggest that adequate

spatial separation of one instance might be necessary for children s‘uuu
‘iorkcomprehension of} eXistence‘ more;\ In the‘capym; -nts, ;_ulwayq added
lmorekthan one obJect‘so as to form the‘perceptual unit of a row,]and Egsky
A-Question was about the rows lf \existence more‘depends on the;spatial ‘

separation‘ofja single*instance then the experimental procednrefdid not .-

~provide the\rightycues;y‘
o ’Because Ss observ1ng ‘an act of addition did not facilitate quantity
k‘y comprehenSion of more addition cannot be the developmental link between

the ' existence .and quantity senses;,,However Ss in Experiment IIA were AV‘“'p

'sensitive to the number characteristics of ‘the arrays, suggesting an"

§ . . : . . . . -

'”rjalternative way in which the two senses might be related

Children ma] develop an intermediate stage of meaning for more dn wfich

' ,this term might mean a lot, : many,‘k much n 'being great in extent.’:*This

intermediate sense might be like the eXistence SEHSE‘lﬂ that it would

apply only to present

similar ob3ects as compared to original ObJeCtS

,‘fbut it might differ in tnat it would apply to collections rather than to

fv‘s1ng1e ObJECtS-f*”Intermediate” more would also expresr an, implicit PICERS

. uantitative relation ("im licit” in the same sense that ‘an’ ad ective, like-*‘
q P J

'~tall,»has an implicit relation to some standard or average) but might differl
ffomlthe ﬁquantity sense in that the former would not apply to all quanti—'gf-h”

o tative relations of greater in amount‘; itsﬁrange of application might be

”~Qlimited for‘example, by somejperceptually optimal range of quantitative

'(number) differences between sets of obJects.v Thus a tentative sequence for;'

,‘;the development of more (and by 1mplication for the development of quantity asit

Aruitoxt provided by Eic



well) might:be: v(a) "existence" applying Lo s1ngle obJects, (b) 1nterf

medlate applylng to collectlons w1th1n some perceptually doflned T

*

iand (c) 'quantity," the unlvero‘;‘y i ‘étgble relation.

‘ On~the Development of‘Less

The clearest result about less ‘is that chlldren comprehend 1t later
« }rhan more, a f st whlch suggests that 1ts pattern of vaUISltlon 1s dlf—
‘fferent i.om that of more : Some dlSCUSSlOnS of these terms (e g ufH,*“Tf

“Clark 1970"Huttenlocher & ngglns 197l McNelll 1970) have proposed

7analyses of the llngulstlc relatlons between them to account for f1nd1ngS t&:‘ﬂ‘(

N relateﬂ te. th1s one These dlSCUSSlOnS pOlnt out that less is llngulstlcallyﬂfl~

L more complex than mmre and therefore the psychologlcal processes 1nvolved
‘fln 1ts ‘use and comprehen:mon are presumed to be more compleA than those
‘ g : TR ‘ CoL T v

ffor‘more.

‘:‘ The actounts of the‘Ielatlve llngUISth and;psychologlcal comolex1ty

'Vfof less do mot EIOVlde adequate explanatJons of how 1t develops, slnce they

(”lead to predlctlmns whlchdare nnt;supported by tbe present data(ﬁﬁFirst,”

‘:H H. Clark (1970) and Mc'\leill (1970) spec1flcal y, argued',that‘.,bec"ausefy‘?l_ e

5f;marked adJectlves 1n an - autonymous pa1r "derlve fthelr mean1ng from thelr

a"uunmarked counterparts, oneumlghi eXpect las Donaldson and Balfour found

ot

;that Chlldren Would confuse less (the marked) w1th more (the unmarked)

‘“jThe present datag however, shoW*that chlldren do not‘confuse less elther

‘fQLw1th a sense of m@re based onche addltlon of obJects or‘w1th the sense of

‘{‘moreras greater 1n amount ‘ There s, also no: ev1dence for Clark s proposal

rb‘fthat‘less may flrst:mean some‘i“1 Secondf‘Huttenlocher and H1gg1ns>(197l)

leuggested that more and less used as adverbs in comparatlve adJectlval o

‘icmnstructiuas de51gmate,”add1tdmn” and “subtractlon {respectively.yvNotlonsf'
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‘of‘resulting 'presenCer; they”continued are psychologlcally easler‘thanv
'notions‘ofjlabsence}' Subtractlon and addltlon dld not dlffer in dlf— o

1ficultyyin‘the present experiments;jthus,the developmental‘difference‘bef

’tween more and less cannot be- expla1ned by reference to the greater

,”‘dlfflculty of subtractlon.' ThlS need not 1mply that more and less for

uchlldren ot adults do not 1nvolve notlons of presence orffabsence?"

‘krespectlvely w1thout assOC1ated mental acts ofiadditionWandysubtraction

"or that absence 1s noL somehow a more d1ff1cu1t notlon than presence.

Wh1le chlldren s flrst uses of more encode a var1ety of s1mple sen~”‘

'sory—motor notlons whlch are also expressed by adults, the ev1dence thus far

'f,dlndlcates ‘that for”adultsfandbchlldren less encodes only the quantltatrye

,:arelatlon“smaller ln amount‘H a more‘sophlstwcated notron‘than thatbexpressed
{by the exlstence sense of“more;. Indeed 1f‘less encodes onlyua quant1tat1ye
*f;:relatlon‘ wh11e morekencodes cognltlvely‘s1mpler notlons as well Hone w0uld

"‘fﬁexpect chlldren not only to use and understand less later than more bUt tO

kde‘S at a t1me when they can express other elementary quantltatlve relatlonsf,‘!

”}_fVBecause of 1ts restr1cted appllcatlon,‘adults may use less relatlvely 1n—lfn" L

w[frequently, ‘a posslblllty 1n 1tself causlng less to b'a acqulred later than more. o

The ev1dence 1nd1cates that thet

quant1ty sense‘of~more7has)some'” TR

uff‘domlnant functlon in ‘the: development of the ablllty to make quantltatlve

‘lfcompar1sons.g The fact that Ss (espec1ally those close to four years) showed

lll;some preference for the longer row 1s rem1n1scent of Plaget 5. (1952 1968)

”fobservatlon that‘Ss,of four years choose the longer; owyin&numberfconservatronﬁt‘

Leven‘thouah it may have fewer obJects,‘{The 1mportance of th1s<‘h

’psychologlcal fact aboutrthe perceptlon of quantlt‘;yllvp e

\‘fmore sugg sts tha‘;Chlldrgnf§\acqulslt19n-Offlessnmayfdépéhdféhffhﬁlrk7‘”




©."its respective transformation to:cau

20 | R

»‘understandlng of how quantlty more applles to obJects.JfThe dataﬂiné

h‘dlcate‘that Ss who understood quantlty more. d1d not yet know its.

loglcally converse property, rhat the other setwls necessarlly smaller,

‘1n amount' than the set Judged greater in amount (an observatlon also '

xlmade by Bellln, l964 and Donaldson and Balfour, l968) Less maygfirst‘be‘
Jearned as applylng to’ that other“or. second”‘set»of‘objects‘to mhich thef*
quantlty sense of more does not apply,‘lt may f1rst be acqu1red as the |

‘~y perceptual converse” of "quant1ty more.c;hf,

fifThe Results‘of‘Experlment l
blBecause EXperlment I showed a negatlve‘effect oflthe transformatlons‘
h'on]§s1comorehensioniuot*evidentilntheCotherdeXperimentS,_§shmust havejld‘
ok Pasen AR oA gL e BOSE oo b bacbion o dabs s
‘mtolhave:resoondedfsystematlcallylmhen”elther*term‘masybalredfmithhfheﬁ‘
.hopoosrte‘transformatlon.,’Contrastlng Ss ktaskln‘theytwohexperiments,'

,*prov1des clues to the reasons for th1s effect. E U

T_he ktra’nsformat ion | ‘condlt‘ions'_fof‘f.«‘ Experiment I ‘presented Ss. first with

i‘;two‘eqaalprowsrinrone;tb;one;carrespondence;; Any*tranSformationfbf.one]rOWff'

‘7‘fhas part1cular sallence because 1t destroys the symmetry of the array TheV o

©

f.\1n1t1al symmetry mlght have caused Ss to’ treat the row wh1ch E d1d not changef\ﬁV“”“
an‘a‘-mnemonic or. 1nd1cator of the 1n1t1al state, agalnst wh1ch the altered‘
”ifrow‘could’bejcontrasted; wThe‘transformedﬁroWQin Such;an’arraygwaS‘always RIS

1the‘”different”(one”(either shorterfor7longer)”asncompared<to_the§original,:‘” L

. “arrangement. .Given that’Ss had a'strong enough association of;a termwith =~

se confusion when:the pairings, were ' .

| crossed, Ss might have adopted a 'best guess" strategy:  when.in doubt; . .
- choosethe "different" row. ' .

R
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Exper1ment Il d1d‘not‘prov1de young Ss wrth thelopportunlty forvmanlfestlng
‘such a ”best guess strategy In Experlment I, twofthlrds of“the'trials . ‘~?
| began w1th an 1nrt ally equal and symmetrlc array IanXperlment iI,k
‘]llnltlally unequal ‘asymmetrlc rows were presented‘on ewery tr1al each'triald
:also began w1thba dlfferent number comblnatlon Because‘the rows were
‘l;asymmetrlc‘rn‘both the 1n1t1al and t1nal states in Exnerlment II therell”"‘!
'”;was no perceptual mnemonlc topaidggspinerememberlng whlchﬁrow‘was~transnfjb:3]]tl’”f‘

‘formEd : W1thout a different”7rowftofchoose’ hypotheslzed confus1on

*1'.between term and transformat1on mlght result 1n random Pholces, as. was

‘lfound 1n Experlment IIA

‘:tThe Development of the Cogn1t1ve Ab111ty to Make Qﬁantltatlve ComParlsons -

The argument that both addltlon and subtract10n transformatlons mlght

”a1d the acqu1s1t10n of the general cogn1t1ve ab111ty to make quant tatlve

‘,i‘, :

comparnsons rece1ved no:. support from the data.,,Itvmust be noted that th1s

1‘result 1s dlscrepant w1th B81lln s (1968) f1nd1ng ‘ There 1s in’ fact no.

,fsubstantlve e"1dence 1n the eXperlments that Ss understood the quantlty—lf“fot,ff'_;:

-lchanglng propert1es of add1t10n and subtractlon, although the data show

'fg‘;.effects of the 1n1t1al state of the rows (Experlment II) the transforma—‘

5,t10ns (Experlment I), and the f1nal =tate (both experlments)
Other ev1dence suggests that Ss JUSt learnlng to make quantltatlve com— ‘ljff

I

H‘parlsonsucan}doxso;under:static c0nditions.‘ On a th1rd day of testlng, lO Ss :

}erandomly chosen from Experlment IA and 14 Ss from Exper1ment IIA who d1d not

f“fget 75/ of all problems correct were presented w1th only stat1c unequal rows




were. ﬁore successful in th1s task than they were errall 1n Experlhents IA hiehuah'i !pf"éé
} and‘IIA wh1ch>1nciuded transfornatlons‘(for Ss from Erperrment IA 43/
Uecorrect Qs 644, p_<1 Ol for Ss from‘Experlment IIA SZA correct vs.‘66/
‘lp3<‘;05); These d1fferences also lend support to Plaget S (1967) hypothe51s
that the deve10pment of cognrtaveustructnres precedes the deve10pment of

ﬂh‘assoclated llngulstlc structures.' lifjjf’y

It appears, however, that chiléren at firet may be able to make such

‘7”nonlinguisticfrqnantitatiVefjudgménts"intone;direction only .Thé,pércéntagégq‘ LA

U”wacorrectfin{the'Vkeepﬁlan : away taskcls not differentffrom the‘pelcentage‘w

‘*1correct for more questlons alone for Ss 1n Experlment IIAf(66A vs.

w,BecaUSe 'keep and away 1nstrpct1ons‘do{notripec1fv the d1rect10n of the‘,{..ﬂ‘

- comparisonfas‘morefand,lesS”do s

k;quantityp sense ofﬂmore. Ss_could have‘merely deC1dEd Whlch row had the

: quantlty more,
T nonlinguisti\c n‘factors 'enab"plingj'th deyelopm‘ent{foft} imple guq‘ntit at'i\}'e‘,

‘hﬁhﬂ&ﬂj@@meqhueaﬁ of judgments

"1nvolved 1n chlldren s use and 1nterpretatlon of wordskw1ll perhaps prove

,¢j‘most Productlve‘ln descr1b1ng an"explalnlngi_helrJdeyelopmentu
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Footnotes

lThis paper Was‘based on a dissertation‘submitted to Co1umbia‘Uniyersity‘ e
in partial fulfillment of the requirements‘for‘the degree of Doctordof
Philosophy. The;research waslsupported hy the‘National‘Institute of Health
‘ Research Grant HDO3215 to Janellen Huttenlocher. “The author‘thanks‘

Lois Bloom for making her data generously available.
2 ~
‘Now at Educational Testing Service.

3pdditional is useddhere‘technically-in'thedsenSe of 'extra,' 'other' or
'furthert' It is to be distinguishedjfrom the 'arithmetic' sense ofﬁadditional
which conveys a quantitativecomparison,"Arithmetic' additionalyappliesl
‘specifically when asecond,quantity;theaddend;vis'combined:Withanoriginal'
quantity,,theiaugend,,to form‘a-sum neccssarily'greaterinyamount‘than
either$ Thegﬂadditionalﬁ amountdthen‘serves to:produce a quantity greater
than‘the‘orlginal'or‘itself, thus implying aoquantitatiYely‘ordered relation.
4MehlerandBever's (1967) exPéfiméntg resulted in several replication
attempts, some. of wh1ch succeeded at least part1ally (Calhoun, 1971'

Rothenberg & Courtney, 1968) and some of which falled (Achenbach 1969

']Hayes;‘l969).

i H

5Although 1n adult Amerlcan Engllsh 1t 1s usually unacceptable to use c

‘w‘less for d1screte quantit1es,_the present use of less 1n th1s lay 1s based

‘hhfion the assumptlons that chlldren learn less before the acceptable term £eye£,

dg,and that use'and comprehenS1on of fewer develops out of‘the more general };f(lh:

"37);gno;1onzqfﬁ1ess.5”"_v‘“ d‘itud1esfu31ng‘less w1th‘ch;ldren in. this way h;?h}

f“havehhadfno;resulting problem“ e;g,;lBellln ~l965w Grlfflths, Shantz

“aléé?fdkennédyi



?ﬁs did not always respond by choosing one part of the board. Such

”noﬁéhbice' responses (e.g., p01nt1ng to both parts, talking about some’ ng
. else) can be counted as 2rrors or caﬁlbe excluded f?om the data calculatlens,

and thereby inflate the percent Eorrect. All =ests and comparisons are

reﬁorted for nonchoice résponses‘counted as errors. The resultS‘also hold

when nonchoice responses are excluded unless otherwise cited,

PAruntext provided by enic [HE8
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Table 1

Conditions in Experiments I and II

Transformation Type o Numbers bf Toys

Experiment I Experiment II

Addition Produces More 4 4 4 4

‘ ‘ 4 +2 =06 3+3 =6

 Addition Produces Less | 6 6

: ~ ‘ 1+3=4

Subtraction Prodices Less 4 . . 4 6 6

o | h-2=2 7-3=4

" Subtraction Produces More . : R oA 4

B . ‘ ‘ ‘ 9 -3 =6
Static‘ 6 6
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Table 2

Pexrcentage of Correct Responses for Experiments I and. II

.~ , _a _ : S
Trxnsform=tion Experiments
Condition I ‘ La IT ' Ila

More Question

+ Produces More 52 (57) 99 (99) 62 (62) 86 (86)

+ P:oduees Less : R N “56'(56)‘ 83 (84)

- Produces Less 33 (3) 9 (96) - 59 (59) 86 (87)

'~ Produces Mere ‘ i ' ' 84 (84) 82 (83)
Static 47 (51 9% (%) 56 (8) 83 (8)

Less Question

bProduces More' 3L (33) 47 (1) 47 48) 6l 61y
Lot Prbdnc"eé Leés R R "5 (59:>“‘ 65 (65)
? - Produces Less 55 (61);_’ 53 (53) 50 (50) 7L (72)
| - Produces More . I 47'(a7>“ 64 (65)
| séatig B | (46)" ‘49f(49)“ 4h(45) 69 (70)

’ Note~~Numbers in parentheses are calculated w1th nonch01ce responses
ﬁ}excluded from the data ‘

means additlon 's "-" means "subtraction."

an+n
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Table 3

Percentage of Correct Responses for Ss Closest to Three Years in

Experiments ITA and:-IIB

Transformation a “Experiments 5
Condition , IIA IIB
MQES Question
}‘Pfeduces More C 6i‘ | ; 85
+bffodeces Leee a . ‘ ‘ 78 L : 85 -
- P;educee‘Lees : - 6L ‘ T 85
- Produces More  . “ ,‘ o 87 ' | .95
Static | o ‘- 61 . ,80 |
‘£g§§1Qaeetien‘

- + Pfodqeee Mere‘ , ‘ - ,‘ R ". : | 40
+‘Prodeces Less :, o 61;  i - ‘50
-‘Preducee‘Less a ; . ;50' . . 60
-‘Preduces More | B _ | 56 - ‘ !‘ o 55

Static - - 50:‘ o 65

Note——Proportlons in thlS table were, not affected when nonch01ce
'reSponses were. excluded from the calculatlons IR P

Ay 9, ages ranged from 2 lO to 3-4 w1th»mean age 2-11

‘Il, :

‘",

= lO, ages ranged from 3 0 to 3 3 w1th'mean age 3= 2




