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The rel tlonshlp of lamua ge to early conceptuaI development has

been }descri ed in a varlety of theories (sumarized in Blank, 1974;

Maecnmnara, 1972 Nelsorl\ 1974). Accordlng to the proponents of some of
these approaches language plays Tlttle, 1F any role in the development
and' structure of the thout,ht of the young child. Among these is the
Piagetiam position (e g. Inhelder & Plaget 1964; Pascual- Leone & Smlthf'

¢

1969, Sinclair-de- Zwart 1969) that the development of cogn1t1ve structures

occurs independently of lan guage.. According to Pidget, language is not<
. \ ' . »

a ‘ﬁe'cessarx_ condition for the émergenc'e of operational thought,*'alt'hough‘ g
hoth lannua’qe and thought may” depend on the development of the same under-

-lying mechamsms of symbollc functioning. Smmlar ém.ewpolnts have been

" expressed by. Pm@\ (1964, 1966, 1971) Lenneberg (1967)., Macnzmara 1972),*

and Olson (1970b) Alternatlvely, accordmg to other approaches, lahguage -

is .v1ewed as mportant t{ cogn1t1ve development Vygotsky (1962) péstulated

-+

an initial 1ndependence of. 1dhguage and thought, °then the convergence of

these ab111t1es when the child is :stu{ately two years old. Fromg’then

N ~

-on, thoubht processos  are -largely endent on the chlld‘s mastery of

'lanouage. Brumer (1964, 1966) als6 has a551gned a cr1t1cal role to

'language in cogn1t1ve deVelopment e o \ RN

———— e r v e =

The ‘relatlonsh:Lp@ *E*co_gnltlon to la:}guage has been explored in a

number of stud1es w‘uch have examlned the order in which glven concepts
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to be: superlorr to the1r ablIrty o, ptoduce the correct plurals‘ of nouns, SRR

¥

and laiguage.associated with theni are acquired. The nssunption of such

[
N
o
s

studies 19 that if c‘éncepts prccenle the relevant® 1anq“uage then one’can’

concludc that the concepts pro[)ahlv provide a ba515 for the accm151t10n '

-

of the related langtiage or at least that language does not play a necessary

I3

role in the acquisition of the concepts Quantlty and logical concepts

(R

prov1de an “opportunity to aisess the language- t'hought relatlonshlp because
non-linguistic technlques exist to assess the concepts ».In the area of
quan‘tlty concepts for example .Beilin and Kagan (1969) found that chlldren s, 4 -
perfomance on a task 1nvO1vmg the dlscrlmmatlon of one from two obyects L ","
possessives, :md Vei'bs ’ Koff:'r ahd Lu:rla (1973) found that ch11dren were'
ahle to'learn ‘the concept of middle sa.ze before they could comprehend and
produce cor 1parat1ves expressmg the ,relatlonshlp.between ‘obJects of

oy
dlfferent sizes.~ For the development of 1og1ca1 concepts Pascual- Leone

——ta

and §m1th (1969) found that ch11dren= S ab111ty to convey 1nformat10n about
/ . . |
class membership was determined by, the 1og1cal structure of the t not

by t1§: 1anguage available to, them. C»mularly Iones (1972) found that ’ e

t

general verbal ab111ty and the use of tentat1ve statements were not related

to ‘the ah111t;¥ to solve certam40g1ca1 pli‘oblems We11 (1970) found that -

e -

. the development of tnne concepts preceded the ability to understand the . .

-

past pmgress\lve tensg and termlnology suﬁu as "before" and "after" in ;-

re1at10nsh1p to a sequence’ of: eVents. dowever, Bruner (1964) found that
fa11ure to tr'mspose al3x3 matr:‘.x was re1ated to éertaln mc‘on51stenc1es R

1n the ch11d's use of relatlonal* anguage and S‘cholnlck and- Adams (1973) /

.- A . . . I3 et
| . ¢ N -
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'necessarv prerequisite of the ab111ty to c:om‘prehend

E 'these tasks .were measurmv related struc:tures.

-~

.

re1°t10nshy_) between the young c:h11d's quantlty conc:epts and hlS under- e
standing of c:ertam words re1ated to quantlty ‘Ani Jmportant departm‘e £~

s [ 4 .
from prevlous studles was that 1’mguage and related conc:ept ab111t1es were .

) scrles was d651gned to asses-s the sequence of the develormfr/m of elementary

ssive

”‘/
grammatical structure, which presumably rnvolves a /r ersal of the actl\‘z(e .

N ‘ - \ ) 4 . .
forms.. ¢ , : -

Tb.e purpose of the'present series of ;t{xhes was to assess the

-

-

s »

teSted onfthe sane Set ‘of stbmull thereby 1nc:rea51ng the proba‘b 1ty that

Expernnent I of, the' present

[

~

quantlty'contepﬂs an.d the understandlng of 1anguage abou{ quantlty
Dlscrmunatlon 1eam1no tasks were used to assess theg:oncepts of re1at1ve,

magnltude dlfferences and’ quantlfatlve equality. Chiidren's responses to

quant1 tat ive 1angua e.

<

-

.

.

N

3

]

."relational termmolooy were used to assess their understanding. of

4

-

-

-

The c:onc:ept of relative quantlty d1fferenc:e was measured by Slegel's

(1971) magmtude d15c:r1m1nat1on 1earﬁ1ng‘ task The ch11d is requlred to_

_e I - — - -

'select Wthh of two sets has the greater or, for counterbalancmg, fower

_number of obJecits. The number of objects 1n‘each set varies from 'trial . >

.
-

.to tr1a1 so that the Tresponse., is not merely to a smgle stimulus ‘but 1s ’

assuned to be med1ated by a concept of relat1Ve size, 1In the correSpondmg |

1angUage task the ch11d's Lmderstahdmg of the words ”blg” dnd "little" ' 3

i ®* 9
was tested wath the samée stﬁnuh. These part1cu1ar words, while not the ¢ .

A

most grmmnatlcally appropriate ones, were chosen because" preschool




chlldrenﬂhave d1f€1cu1ty in conprehendlng ”more” and ”1ess" (Donaldson

& Palfour, 1968; Griffiths Shantz, § Slgel 19675 §1ege1 & Coldste;n,‘ .

K

*2§69) "Blgger” and ”11tt1er" ‘are also dlfflcult (kofﬁ § Lurla 1973)

for youngachlldrcn The understandlng of nunerlcal equallty was

detennlned by an equlvalence ‘task (Siegel, 1971) in whlch the child

- -

"is. requlredfto dlscrnw1n1te sets of obJects which. are- numerlcally

L4 .

.. 7 equal, 'fn tﬁe correspondlno 1an°ua0e task the ch11d's understandlng ) o

=
. .

. of'"same number” wds tested w1th the’ 1dent1ca1 set of stnmullm‘
\ ” ..
Whlle E;perlment-l was de51gned to assess the Sequence of develop- PR

“ment of language and, thought the other, two studles ‘were, de51vned to
k]

exXamine related quesslons of the relatlonshlp of Jlanguage .to thought, R
the dearee to which a relevant word 1nf1uences concept acquisition and
whether a child can learn-to respond to a word representing a concept .

In Experln:nt 2, the role of 1anguage in concept development was

assessed.by manlpulatlng ‘the presence or ab§Ence of -a speC1f1c verba& -
I . -

(
- - P

' cue to the nature of the solutlon In Experlment Z’ the child's - N

productlon of: termlnology related to quantlty was exam;ned for  these’

7 -

) nart1cular stnnu11, and the relatlonsh1p of the linguistic sKills to the

" e ) perfornance on the concept tasks was assessed )
- N 0 ’ - - A‘?ﬁ‘“ ‘
- - . i .
- ’ _ > : e . " . N
- s ! N NP ' - ' - ’
‘ . ' . . - Experiment 1 U y *
/ - \ g o « ) hd * l . ) .. " "
; 3 , _igthod S L s 2 - . S '
' I ubjécts<” The sﬂbjecfs were 102 children enrolled‘rn halfﬁaéir'”'%vw" -

. . " =nursery schools in- Hamllton, Ontarlo. There were 4% three year«olds -

1 -

>
%
he - - -
. . ‘ ! ’
. h . XY .
. . -
. ‘. ~ -



NG a,horzzontal line,. each set contalnlng front one 30

21 boys and 24 girls, and $7$f3%§ year olds, Z9 boys and 28 girls. °The
i{ hursery schools *served preﬁmninantly white, mfﬁdle class urban areas. .
; S . .

" Design. Each ch11d performed four tasks magnltude concept .
. N agnthde-language, e%u1va1ence-concept, and equ1va1ence-1§nguage. The
* tasks were Edninistered to each*child in one of eight ordersﬁ which
varred the order of-magnltude or equlvalence (f1rst or second) and
.concept or language ulthln each of these (flrst or second). - Eﬁch child

Was tested individually in a'small roam at the school: . ﬂ‘:

Concept tasks. - The’ two concept tasks described'below uere

¢

o )
complex dlscrnntnatlon learnlng tasks. Both these concept tasks were T . e

L6

. tested w1th a Behav1ora1 Controls 400<SR orogrammeﬂ 1earnlng apparatus. .

.

The response alternatlvesxappeared under a cleap—plastlc press panel and
&7

the Chled responded'Uy presslnﬂ the panel of hlS choice. The po$1tron

S 'of the correct»alternatlve var1ed randomly from trial to tr1a1 Correct -

> responses were rewarded- with tokens whlch could be-exchanged for a

» -
.

small toy at the end” of a sesslon. A non-correct1on procedure was

’ "

used. The onIy 1nstruct1op that the child rece1ved was that selectlon
3 .
¢ of” the correct altetnatlve would result 1n some ''play’ meney” that could

L3

be exchanoed for a toy " No ‘relational termindlogy was used in the L -

' rnstructions Cr1ter1on.was 9 out of 10 consecutive correct responses. ' -

//

1 'y 5

If criterion was not reached in 50 tr1als‘ the task was termlnated -

u
hY
Y %, .

Magnltude concept task There. were 50 st1mu11 for thls ‘task; T,

»

eadh stnﬁqus cons_sted of two sets’ of dots of uneqUaI number arranged

“
- /—— ® ¢

' 1ne dots.. The , '
°‘,fpavé;cu1ar numberﬁﬁg? each st1mu1us var1ed from rral to tr1a1 the’ «-JL’

. ’
.. - ~ A . . e T
[ ‘ s ,
e . o ey . . . . .
. . .

s




comblnatmns were selected mndomly from the 36 poss1b1e éombmatlons

-

; R

of the mumbers between: one.and mne taken two at a time.” Approxmately

:. .

one half of the chlldren were remforced for selectlnﬂ the: stmulus

‘ L e

with the'larger number’ of dots and the remainder were reinforced for

' - - e e )
- .

sélecting' the stimulus witli the .smaller rmber of dots; . .

E(Lival,ence concg,)t task. 'I‘he 50 sets of stimuli for this task

[N

each consisted . of a sarple and four alternatives; only one ‘of the V“

M

altermtlves was identical 1n nunber to the sanple. Both the sample

e

and the alternatlves had betweeﬁ"one and nine dots..

<

Language tasks. Both, language tasks used stimuli identical to

“their corresponding concept task. These stimuli were prEsented to the.

+child on 5'" x 7" inde‘(‘cards For egch’ st:.mulus, the‘*thlldren were
. *

N

asked about the word in questlons Theg\ were not glveri ‘any feedback

.w

« ahout the cotrectness of their response but they were told several

K

! -~
times during ‘the task that they were dolng very well,

-

1

. Magnltude 1anguage task The stimuli for this task were identical .

to those in the maglutude concept task except that there wex;e only
R § .
25 trials, ‘osen randonly from the’ set of 50. For each stmtﬂus,

the child was asked o select the ”big"'\'or, for counterbalancing "little"
Set. ’ ° ) ’ ) 4

—— ~ ¢

Equivalence language ta‘sk The sfnnull for this task were )

‘ 1dent1cal to “the eequ‘ivalence concept task except that there vere only

25 trlals, chosen randcm'ly from the set of 50. For each stlmulus the

child ,was asked 4o select. the group of dots that had the "same nunber"”

as the, sample.
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‘.ma"gnitude lan'guage task, was required for a passing score on these tasks.

é '
Yo el ” N ’ . 3 . N - o’ v
and the Word—\seme! when-<same .refers to numericaf identity. These findings -

. 2
. § £ © L >
N - r
© ’ . -
‘ - ° 1 e * ’
. L . s L
. -t 4 .
. ! e . ."’
s - - / \
-7 . " - 07 .
[ LY - > ’ g ‘ -
R ~
R ‘ - ° - -
. Results e B -
___.\__’ - , . .
. + . 'Y ~
- ' |
.‘ * > i

Criteria for ‘success on the tasks were ‘determined” by calculatlng
, the probablllty of performance belng slgnlfl,cantly dlfferent from chance .
(p 7 .05). The cr1ter10n for passing the magnltude and equivalence

concept tasks was nine out of ‘ten consecutive correct responses If a

. ¢chi ld did not reach cr1ter10n in°50 trlals he was consldered o have
I G\

Failed the-task. .\ scere of 15 or more correct out of 25 for the equ1va1ence
-t P . r ) ‘

lan uage- task (t}' dloice) and 18 or more out- of 25 (2 choice) for the

°

L4

°

- = m . m = e = = wm m = w & = =

- e e m = mmem @& @ = @ = = - -

The frequencies and’x (binomial expansion, dependirig‘on the size of e,

the’ éxp.ected fnequencies) values for the relati()nshi’ip betw‘een‘success and -

Failnre on the 1anoua'ge and, concept tasks (McNemar test, Siegel, 1956) are

gmwn 1n Table 1. »Clearly, the concepts of quantlfatlve equality ang/

dlfference as measured in the present- study, developed before tmderstandmg

of the relatlonal termmology in question, specﬁmally the worgs, "blg" .
’ "11tt1e“ and "same , ‘ : ‘ ’*

The concept of dlfferences in magnitude may be a necessary condltlon

for understandlng the relational terminology “blg" 'and "11tt1e" when app11ed

)
to the same stimuli. The same is true of the concept of numerical equality

>

N

P 1 - e

@




are clear from the 1arq§ percentage of chlldren in the pass concept

While. all of these three ch11dren fa11ed 1 the magnltude concept task they

' than resaondlng randomly.

, se1ectlon of the dittler group, yet con51stently selected the bigger one. -

Lb \$‘ S~ .o
Lo

fail

anghaoe cells and the small numbers (1n two cases, 0) subJects in the

pass 1anguaﬂe fa11 concept cells * Thus, 1f ‘a ch11d falled the’ concept

task there was no- chance of success in the equ1va1ence 1anguage test and -

‘a - very small chance 1h the magnltude language test., Only three of thé 102

ch{}dren showed a-reversal of this trend~in that the1r 1anguage.developed ' -

before the correspondlng concept 1n theSe cases the magnltude cencept. .-
)

conslstently se1ected the wrong a1 ernative on almost every tr1a1 rather

In a11 ases, they were re1nforced for the - \ ’

Thls pattern of reSpondlng, wh1ch was not noted in any other- subJects,

qppears to indicate the presence of a concept rather than compléte . ) a

c0nfu51on about the differerice between the st1mu11.‘ - = -
’ ~ K { N [N

To analyze order effects, success rates -were examlned in. the groups

\

.

-

who had e1ther the concept or the lafiguage\ tests f1rst qnd w1th one L g

exceptlpn there were no differences. The one exceptlon was the, four

L

year olds, in the case of the equlvalence task A slgn1f1cant1y higher

_ percentage of these ch11dren passed the 1anguage task when it was
*

admlnlstered after the concept task, than when 1t was admlnlstered prlor to,

z = 2.07, p_< 04, two ta11ed) Since ® .

the concept task (81.25%° vs. 56 00%,
" in this case, the .success on language task was- greater’ after hav1ng learnsd
the concept than before it, learning the concept appeared%to facilitate.

solution of the }bnguage task. Since there were no cases in this study in

. "

which the concept acquisition was faC111tated by hav1n§ the }angpage “task




first, thls is 1nd1rect ev1dence that tra1n1ng the concept may’ enhance
N R - *

’ T l'mouago There were also no slcmlfrcant d1 F.fereng:es bétween elther ' -

.
i .~ -

- the ch1]drcn S lcnrmnﬂ of the eoncept reprosentlng l)1age1’ or. lrttler

LI
- ;- >

. _ 1 or their canprehensmn of "the" words big or little. , T,here were “no.

’

. —

s ) dlfferences between the proportlon of boys'and glrls‘passing-.each task..'

.o © Discusdion . . , B . . D
. T w7 e L% . R ) .- .

- . The concept tasks in this study were, of necessity, learning tasks ’ "¢

. N .

with feedback’ prov1ded for correct responses » Since this seeméd to be T
., . the most reasonab.le way to aSsess concepts non- verbally in the young

I 3 :
o child." Tt could be argued that the chlldren d1d not actuélly possess\ the -

magnltudo and equlvalence concepts when they started the tésk, but . * {

- acquired it in the course of the dlscr1m1natlon 1earn1ng.. 'I;here are two .

I
Y] A 5
. Kinds of ev1dcnce which weaken the case foré this 1nterpretat10n. F1rst

~ .. -
-

Nt "¢ the children wl‘o~passed the concept task did 5o in relatively few tr1als. ‘-

~\" . ' ’lhe 1xrem1 nunﬁ of trJ.als to atta1n cr1terlon For those who succeeded were

as Fol'lows 3.9 year olds —magnltude,— 8 57, 3 year o’lds equ1va1ence 7 15;

4 year, olds magmtude 5 04;- 4 year_olds-equl\falence, 6.9. Therefore

C 1f there is leamlng 1nvolved «m the concept tasks 1t is quite rapld . .

\In addition, the probab111t1es of “correct: respondmg in the precr;tterlon ’ {
[

] ® . . -
tr1als for those who succeeded do not change from tr1a1 to tridl. The .
- , pre- criterion data do not 'suggest gradual acqu151t10n, ‘although these CL

* data obvious do not preclude more a11-.or -none learning. As for the ,’ -
‘ . pOSSlbllIt}' ‘of d1fferent1a1 motlvatlon 1n the language, and concept tﬁks

v _ because qf the presence of relnforcement in concept task if this were

pooI Y
;.‘._\\c

" S "the case, certain differences between orders of task admlnlstratlon -

R ) . .
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1anomge 1nvest1gated in the present study

p051t1on is supported

. performance.

=3
-

- h)

should have been.found’(Cresbi 1944) .

.

The “shift - frorf reward to non- -

. reward should have produded a decrement when the language task was |

' - ~e,

admmrstered after the concep'e test. In fact, there were no-order ’

effects except in one, group in whlch the c@ncept flrst,? language second

. group performed better than the group whlch had the tasks in the reverse

¢ . b
Dy

o' * ’ @ ™

order OEpOSlte to. the above prediction.,
On the basls of the preserit results, it seems qulte clear that,

for the preschool chlld concepts of nunerlcal ‘equality ‘and 1nequa11ty ’

aré learned he?bre the child d1splays the ab111t); to comprehend relatlonal

\

tennmology zibout the same set of stimuli. The‘imderstandlng ‘of the

lanz.,uage depends on the ex1stence of the c0ncepts and, as a corollary

to thls the concepts ex1st mdependently of language; at least the

Al
[

C].early, the Plaget.lan ’
It should be noted that Blank (1974). presents

evidence for the fact that while v1sual ant spat1a1 concepts may not-
depend ,on 1anvruaye non- V1sual conce’p{sr appear to be dependent on-
la.nguaﬂe-, even in the youngechlld Obviously, generallzatlons about

hd “

the relatlonshlp of thought and languaoe must depend on the emplrlcal <

N

studles of a varLety of concepts both visual and non- msual ones. ol

*

» .
o < o
€

— L Experiment 2 K )

The conclusion that the,acquisition of certain quantity cencepts
occurs. prior t&.-the development of the comprehension of the relevant

languawe is sugvestéd However, the reinforcement differehces bet@leen

the corncept and 1anguag{/tasks are a poss1hle factor in the d]/fferentlal

‘Therefore, the role of 1anguage was assessed in Experment
’\

-

Dl - ‘( . .

-~

.
-

R
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. , 2 by varymg certam aspec,ts of the operatmn of lmgmst1c factors w1th1n

1 A

A’
1]

' x the concept leammg task To t{he extent that rth1s Ianguage thought
lmdependence exists, and if cognitive operat1ons develop before the
‘appropnate language, then concept acquisition, at least early on, should
not be f,ao1l:,tated by language. Evidence of the role of linguistic

control of cogn1t1ve operatrlons in the young ch11d under six years old

>

is. equ1vocal Sane stu:hes have found l1ttle effec‘t: of subJect generated .
or-externally- g1ven verbai’l‘ cues (e.g., Conrad 1971 Flavell, 1970 OISQI, o
1970a, Osler § Madden 1973 Igese 1962; Wh1te, 1965)., while other : -
studles such as t.hose of Blank and. Bndger (1964) and Kendler and Kendler )

. (1962) have fotmd ,that’ verbal cues fac1l1tated> the aoquis1t1on of certain

< R "'concepts One of the purpc)ses of Experment 2 was to deteqnine the degree‘ L

- N to wh1ch ‘verbal labelz coulﬁ facilitate the aoqmsn;xon of thése q tity " - .

. concepts ’T}us role of 1ahguage was asséssedby a&lumstermg the ; .
| \ LT -/,-, canplex dfscnmmation problems descnbed .pmn&ﬁgy to grouqa of_ t};_ree % j N7

™D . -
o, and four 'year old ch11dren with ms_’guctmas whlgh,descnbed the solut:ons,‘ \

~

- 3

o . "sane number" alternatwe/[;Cue cond1t1on) Contm&lo <cue eond;’tuon)\
CE T performe’d the 1dent1ca1 task w1thout the rbal :

pendmgmn wh1ch was appropr1at§ to* the task as the .'b1g" "11ttle", or ’

e§e concepts«
eXist pnor to the relevant language then, -at least in the early stages .

of concept development t}ie verbal cue should not fac111tate\solut1oh .’
However, if the verbal cue can mﬁluence the p blem solvmg, then language . .

e S ) A .
o Lo e nust- be v1eyed as fac1l1tat1ng thought. cLo . Lo
The ch11d's canprehensmn of a part1cular word is. teSted by the” ‘
¢ b o ? hb -

ot . » . . -
-’ ” T ’ . ' . .. ==
- . L
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| above techni'que' a related question about the; relationship 'bétween '
L ] . -

language and thou;hr\ concerns the degree to which a child can gererate
language about quantity in relat1on to the stmull used in these broblems .

and whether or not this lanouagp production is ‘related, "to problem solution.
[‘o the extent that a d1screpancy between language and concepts exists,

then langwwe productlon and concept attalnnent should not be rela‘Ged

@

: ) Y ’ -

o In add1t1on ‘1f thaugit. occurs prlor to 1angua<=e 'then the ch11d should

»

bc al)le to solve the prob]gm before he can produce quantlty language in

. relntwn to these. stimuli. The child's ab 111ty to descr be these stimuli

7
.. . ¢, - N

'» - w1th me'tmnﬂ ful language about thepquantltatlve relatmnshlps was

) .
v - e\am\}ned 1n an attcmpt to, determlne the degree to wh1ch language production .

is related "to; the ab111ty to solve these problems. - T

ﬂ

Another purpose of this- experment was to 1nvest1gate certain aspects

t N s ‘ -~

in ,the development‘ of the child“§' 1anguage about quant1ty» H. Claxk

(19’10) has pos‘tulated three stages in the acqu151t1on o'c' relational’

¥

téim l,oﬁy In the E1rst stage, chlldren ,usc\Tthls te.rmlnology 1n the. o

° - nomlnal sense, a re11t1onal wor 0 adJective is used to denote membersh1p

’ .h in n sowe - global class, but comparative p?omrtm& aré absent from-she BT
,dcscrlptlon. Chlldren at this stage might say of two unequal groups, "'Ijhey
’& ” are both the hl" dne'. In the second stage, both po].ar terms of Some "
g d'nnensmn artf"»-iﬂterpreted to mean refer to the most extended,.or p051t1Ve,\,\" 2

\ end of the dimension, e. g. R both 'amore! and "1ess" are, 1nterore¢ed as
)

/

#*- + meaning more" (e.g., Donaldson & Nales 1970 Donaldson § Balfour, 1968

T a

Klatszky, Clark,.ﬁ MacLen 1973 Palermo 1973) *»‘ig;the flnal stage,

chlldren can use these words correctly, The present study represents”

. ¢ - o~
f - Fy




o oat

-y

to measure the do\eIopment of the child's ability to separate the

§

. schools and day care centers in. Hammlton

" and 28 glrls).

'
an att’empt to ap_plx; these: analy_s'.es to the yomg chi‘Id'_s _language about
quantlt) ] . / . ‘. o N . ', . s

-

Theee hypothescs were exanuned w1th a variety of stimuli, designed

—

dinensions, of number .andilength. -Since it has been found that young

-~7‘ <hildren. confuse Jumberand 1ength (Gelman 1972; Lawson,. Baron, G Siegel,

1074 Pufall § § Shaw, 1972 Slegel 1974), the relationship of- 1annuaoe
anld quantlty eoncepts of nmerlcal equallty and di fference was e
A -

1rfest1gated \uth a varlety of stimull St1mu11 ‘were used in which

L

1ength and number were perfectly correlated 1ength prov1ded no
informatlon -aboat number, and 1enmth and nmber were negatlvely correlated

These task< we,re used to examine the hypotheses (Bever, 1970 Clark 1973

Slobin,

- 3
baglig for early 1angu:age acqumltlon The coneequence oF these theomes,
is that as the underlying dlf'fflculty of the task. 1ncreases “so does the

probab111ty t}nt 1anguape w111 not be produced and coﬂprehended 4n relation’

> o
a

to' %hat cogmt'lve a1)111ty. . ‘- .
Méthod™ . )_
- Subjects The subj ects were white middle class children from nursefr"}'

e b
¥

d Burlington , Ontario.

<
'

For
\_—-\ .

the nagnltude tasks ,- thére were 180 preschool chl‘l Te

\ -+

30 boys and 30 alrls,. 120 - four year olds 57° boys and ¥3 glrls) For

] » .

the equ1va1ence tasks, the subjects were- 80 preschoo "ildren,‘ 24 three

4 (60 three year olds,

year olds (13 l)oys, 11 1rls), and 56 G}ur year old children (28 boys

Independent samples, from dlfferent schools, ‘were used

rS

o

]973) thdt c)uldren s.cognitive and perceptual sklIls prov1de the -

-~

4




fore the magnitudé and equivalence tasks. The ﬁ\agnitude and equivalence

- ’

task': were each admmlstered bv a dlfferent experimenter, m hoth T el
, . T - Lo
. . Cascs, a whlte adult female . . BN : " ]
’ - Tasks and de51gn. Both the- mavnltude and equl\falence tasks were . ! .

. \llocr1n~1nat1011 1ea'm1ng taal\s sunllar to those of Experment 1, but
. -~ '.: [} v
mstead of the prog,rammed 1earn1ng annarﬂtus the. stlmuh were preSented . -
4 » 3

" to the child on 5" x 7' index cafds. An 1ndw1dua1 child was onl¥ ) .

- adJnlnistere\}\ one task, magmtmle or equ1valenci and was randcmly assigned

.« .+ tQ one of the conditions within each task. P S
B ¥ ) ~ ’
N Maﬂn‘ltudc For each of the t1ree nagmtu‘de task.s .40 st;.mull were =,

N [ - Q

ueed each with two vertical Tows. of dots. The partlcular numbers used

* - 0 —~a

’ on cach stlmulus swere se1ected randomly from. a11 the p0551b1e combinations ,

- -~

. |
' OF the numbers two throunh nlne.. For each task, the st:unull were presented

”~

- in a predctcmmed r:andom order. The tasks were-'as follows g

t . .
- . » .’

- ) Magnltude Same Density (Mao -SD). The dots in each.set-were equi- ,

. f ’
‘ 23 . - -

et distant arm"th/ the row with the oreater numbér of dots wis lofiger . . -

- at -

- W .
~ Mpgnitude-Same Length (Mag-$1) . The rovs. of dots; in each set were |

’ ) - . o 3
- _ the ‘sane length i'rreenecti‘ire of the numRer of dots in each set.” ' SRRy
- , _”‘ hY Mavnltude Different Length Den51ty (Mag-Diff. L D) The set of -

. » + ,déts with the greater nunber was shorteW set with ‘
- ,\ s the smaller number of dots. . T . _
N ) A representat,we stlmulus from each task is shown fn Figlre 1.

e . . T

v




P o . M

" The subjects were as3igned tq one of four 1ndependent"groups. Tn%%se
v { ~
. -*were the absence or presence of, the v ’o‘i cue (Eue vs. No Cue) and, within

e R ’

each of these groups’ one ha;lf oF the s’ubJects were rem?’orced for

» . -

! choosmo the more numerous set (1abe11ed»"blg" for the Cue condltlon) and

&

.

,&
“one-half for t]‘e set w1th {ewer objects. (1abe11ed “Ilt’tle" for the Cue

condltmn) Thc 1{1structlons for eqch condition were- as follows

El

.o . Cue. "Here is a picturc. Here is another plcture. (’I‘he exper:menter
pointed to <ea‘ch one in turn). If you pick the-big (lit'tle, when approprlat
picture,_ycu r’«:ill get some play roney, }Vhen you have enough play. money,'

_you can buy one of these toys."

s

. pointed .to eech one in'turn), }T?“’you pick the correct picture, you will

w

get “some play money. ‘When you have enough play money, you can huy one

~ @ i )

© of these toys . - ) . .
. Carrect rcsponses were%lnforced ‘with a c01n. For the first five

S

. . . . .y
trials, if the child did notiselect.the correct one, the experimenter -

told, the child his“choice was wrong and then poinfed to the correct one
» - i .
. and told _the c}}lld 1t was the correct one. Two nursery schools did not ~_

x\ant the chlldien to reee'lvc theoys, so these t’:hlldren only accuﬂulated
—

coins. It ameared that the children in these schools d1d not perform e

' %
differently~from the othe;'s, so the data from these schools ‘was.lncluded

Thrce different task ordcxjs were used For'eéch of these 'four

>
e .

"given each- prder. Each child was admmlstered 40 trials. ; o,

N ~ '
BPRE : . L \

- ”
. ‘ PN

.

., , ¢ .

. . ¢ -~ L 3
- . . - . .
' . *
\ e

-No Cue. ‘"Here is a picture. _/Her?e is another picture. (The experimenter

4
- o -~ A, . -y s
: : . ) . "%"} e R , :
with the others. _ ‘ E ' : >

e)

-

)

-

groups, therc were. five ye?r olds gwen each order and ten four year olds,_,).r.
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Fquxvalence For each® of the four equ1va1enée t"tske there were 40

>

: A
stimuli, ecach of u}uch contal,ned three horwontal TOWS oE dots. The

-

" top half contam_ed one row, called the sample, and the boqttom half had , «

e .two  rows only one of which was equal in number to the sample.  The
) ' L . . - - ' ~
C . pnrtlcular numbers. vere selected randomly from all possible conbinations

L3

of the mmbcrs two through nine. For each .task, the stimuli vere o ~

adxuxustered in a predetermlned rcmdom order.- The four ’tas',ks vere as
¢ , A - .
follo\xs;., i : o .o o
. }-qumralence Same Den51ty (Fquiv-SD). The dots in the samnie. and

.. two altematlves were equidistant a@d thus, the sets w1th the greater

-

nmber 6f dots were 1onver ° SN . .
e .

- Equwalence %amo Lenctx (Equlw%L) The sémple and the a1ternatives‘
>\\/fvere all equal 1n 1en<1th irrespective of the number of dots in the set.

Fc’mvalence-‘lef erent Lenath Same-Den51ty (Equn(-lef L-SD). “The - i

- é <

’ : - .
correct wlternative (1dent1ca1 in nmber) hvas a dlfferem: length from R

“ .
“ ad

t*xe samplc The 1ncorrect alternatlve was’ the sane density as the sqmple

< -

.qu1valence -Dif Cer,ent Length Qame Lencvth (Equw -Niff L -SL). The .

correct 11ternat1ve was'a c;fferent lenwth from f:he sample The ugcorrect o

, N . 'g: i - -
¢ o altematwe was the sane 1ength as the sample . N
* \
. . A reprcsentatlve stmulus from each task is sho&‘n in Flgure 1

, Y2

s - The SubJeCtS were’ assmned to one of two cond1t1ons (Cue Vs, ’\Io <;ue)z

- / type of cue/concept (Elg VS‘ thtle) and task (Sh, SL and lef L D)

- . was performed on these data For .the three year olds, there were no -

D3 SR

sm,mflcant differences in error rates as a function of cond1t10n or tyé) . N’"

¢

"”"’/of cue/concept THe;re‘ was a slg‘mflcant task effect (F (2, 112)=7.64; o

.

vl L < 005) the SD task was 51gn1f1cant1y easier.tharn- the other two,

. : 17 T ‘-

o

= i o = — - .S - ®

Oy SR - ‘ pe—— som— [P —
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v ‘

.

»

i (Duncart's mu‘l"&iple range test, p <.05). For the four YEAT olds “there-

-

&

were significant effeets of condition (F (1,116) = 46 49, p_( 001) type

of cuc/concept (F (1 116) = 72 44, p_'é/?()l) and a significant 1nteract10n .

-

bctween these two variables (F'(1, 11// = 10 11, y<. 005) " There *wei'e o

' dlf_ferences_ Jin error rate for the | /ﬂq and Little concepts in the \Iofﬂue

condltmn but there were 51gn1f1cant diff ences between the effectlveness

»

of Big and L1&_tt1e in the Cue cond}tlon y Ther:e was also avs;gnlflcant. . " ‘

4

effect of task (I‘ (2, 232) 7.96, p_ .QOi); the SD task was the ea‘sies(t,' .
.1 o .
ithe SL t\ask more d1ff1cu1t and Diff. L-D. the most difficult (Duncan's

rpultlple range tese, P_<‘-0,5))l . . . (; N
o Eduivalence task analys/is The mean number of erTor's for each age

»

- & .
_group is‘ shown in Figure 2. - 1xed model analyses of varlance for condition
‘ ‘:’iiﬁ“"w\—-.' . -

(Cue vs. No gue) and task (#D, SL Diff. L- SD I'flff L-SL) were performed

separately for each aﬂe' oup. For the* thz/ e year olds there were no

)

- 'effeqts of "taaks or eon tion (E< 1) The rlaLci’lty of the three year olds

were performmo at, or ear chance ’1evels €20 §erTors). For the four year

P,

-olds, therc were signjficant effeets of Cue (F (1,54) = 8 17, p <<.005) and
tasl\ (I‘ (3 162) 4.41 p< .01)- and no 51gn1f1ca1ﬁ mteractlon (F .(3,162)
1 25) The lef L- SL task was 51gn1f1cant1y more dlfflcult than the
other three (Duyc: 's multiple range test, p<<.05). Eor e1ther the
magmtude or the equivalence tasks, there were no 51gn1f1cant order effects

or 51gmf icant 1fferences between the perfofmance of boys and glrls
W '
P Lan"uage na1y51s ‘The subjects' responses to ,the' 1anguage productlon

/ ,
A task were $co ed for the presencs_pr absence 'of correct quantity respd nse

1

by two 1ndep ndent raters, - Examples of approp-rlate Tesponses were
" " 1 ? - . ¢

,4,5, jl8 7

A

PR
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Fl
.

) concepts tasks (SD) and (D1ff L- -D) occurred prlor to the ability to

N -

+"The big one" , "The one with more dots' ~(magnitude) , or "They both have

] the same rumber’' (equlvalence) Inappropriaté responses were such

statements as, "1 wanted to", "I like that one", "The ones that have two",

, "Thls has. four and this has seven': Failures to respond were also *

1nc1uded in this category.- The relatlonshlp between success and fallure

oh each task (criterion was 9 out of 10 consecutlve correct responses)

-

and productlon of quantity language was calcul/ated by the McNemar test

&

"For the three'year olds, successful performance on two of the magnitude

J

produce the approprlate dﬁantlty responses. Slgmflcant numbers of
children passed the concept tasks and failed the language productlon |
tasks. The same was true for the foi.n’ year olds on the MAG-SD task
and the egu:i\,ralen‘ce 51: and Diff.'L-D tasks. For the other tasks, there
were no. significant 'rei*ationsfhips between quantlty language productJ:on
and concept solutlon % N o R
The language samples from the magmtude tasks were analyzed to
detemme the nominal or relatmnal qua11t1es of the ch11d's descrlptmns
of the stmu11 Analys:.s of the lmgulstlc descr1pt1ons of the equlval-
ence sﬁmuh showed that if a quantlty language was used, it was

re1at10na1 For the magmtnde‘ task the chlldren s responses were .

' classﬁ‘ied in ome of three categories: nommal (e g., ""the blg (11tt1e) o

one" "1t's too>b1g" "they are both big (11tt1e)"), relational (e g "the

b1g p1ct}n'e has more, dots than_ that one", "thls is more bigger", "thzs has
S

more. (les;) dots"'), and other (mcludmg no, response) For, the three year’

' volds 15% of the responses were nominal and’ 3% were relatmnal There

A .

Ly . N : -




was no 51gn1f1cant d1fference t’m error rates between the, ch11dren whe' |
. used nominal or re1at10nal responses except for one tas‘k MAG SD in
the Cue- Little condltlon The relatlonal responders'made 51gn1f1cant1y
fewer errors than the nonunal ones. (Duncan s multiple range test).
In addition, a nunber of ch11dren in this study demonsttated a response
pattern ulhlch'may be representative of an mtermedl’ate stage proposed
by H. Clark (1970) in which childfen use a single word to denote both
ends of a polar dlmensmn for example, "more" i's tmderstood to mean
both “more" an‘d "fewer" T'hlS response pattern’ c0n515ted of se1ect1ng ‘
the wrong a1ternat1ve on most of the trlals (at least 35 out of 40). -
Of the three year olds, 6-out of the 30 children who were admmlstered the
\ Little tasks did this on at least one of the ‘tdsks. No three year old
did this -in the Big tasks. Nine four year olds showed the same‘ response
patterh‘in Athe Little’ co_;ldrtlons and four d1d in the Big cohdrtlon.
Their verbalizations in the language productidn task were, for the most
part, correct; for example, in the Little groups, they stated that
they were selecting the 11tt1er stlmulus although, in’ fact they were
co{umstently se1ect1ng the more nunerous of the tWO groups., Therefore,
' they used the ant:onym to refer to the concept. Since most of the |
confusmns occurred in. the Little conditions, and "little'.was mterpreted
as meaning "b1g", this response patte/m,could be a result. of the chiid's
1inguistic confusion of 3551g'ning one tem, usuall)r the posn;w:e' ene,’

. to both ends of the dxmensi,ons g oo o

bt ’

To detemune whether or not ther.e.uqdﬁn nc1es “in the chlldren s

'
.
P
1»
©

lmguastlc response to refer to the pos:.t1ve -as opposed to the negative -

- ) g (:‘.

1 L ]




end,sof the d1men51on responses in" the language produc:tlon task were °
classified as posltlve (e g., blL more taller), negative, (e.g.4’ llttle ,.

- 4 less, short) mixed (use of both types of temmology), or irrelevant or
- A

no response. These data, are shown in Table 2. Clearly, for ‘both the-

- s . .

- Insert Table Z dbout here - '

.three and four'year dlds, in the Big conditions (both Cue an‘d No cus)",
there were slgnlfrcantly more references to the positive end of the

. <

d1men510n. Even in the Little condltmns there were more responses o

to ‘the positive end of the. dimension, although the,d:,fferences were not
. Y L. A ‘ .

- - significant. . __, 4 s o )
: : : - ‘ R -
>~ Discussion , ) ;

For the younger c:h1ldren, a verbal cue did not fac:111tate the

learnmg of mmerlcal similarity or dlffere\nc:e for the older chlldren,

*e

it did. These data suggest -that in the early stages of quant1ty c:oncept ..
S formation, language and thought funcuon mdepepdently and language has .~ .
- -no fac:111tat1ng effect on thought Problem solution occurred prlor to
L . language productlon for some of thé tasks ‘for others they were ot

related. In the case of the four year olds, the fac:1l1tat1ng éffects 'k 3

/ . " of a cue .can be con51dered e\ndence for verbal medlatlon. In th1s case,

- > . ’

, | the argunent for the mdependence of language%nd thought cannot be - ~ . }
. |
made 1t would appear that the older chlldren could use this language :.o,:‘

A

cue to help them to Solve the problem. However .even in the older age

5

' group, there were many ch‘lldren who couId arrive at the correc:t solution .

.o but could not ‘desc:rlbe either how they did so, or the critical dimensions,.

, < L]

. ‘ -~
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of the stmuh 1n any meanmgfus way. It s}?:uld be noted that’ 'one of the. o

stimuli wasavaﬂab,le durmg\the product1orr task 'so that memory ?a11ure ’ '

IR | .
. was not a sign1f1cant fac:tor in poor performance ) = ) f; N o
- . . - t® ) ¢ @?' e *

o ’ As ch11dren mature, they are more: Ilkely 1:0 use comparat;Lve .. :".M,y oo

rather than nommal -non- relatlonal tenﬁmoldgy Occa51ona1133 another = o

. ‘.) 5
% use G guage occurred wh1ch was suggestive of am 1ntermed1ate 1eve1
» - . e

of 'respond ng. In‘ these cases the ch11d would wse the same word to -

af

refer to Oppos1te ends of a d1men510n~ and c:omb1ne this word with a R
.y

different adJec:tlve or mod1fy1ng phrase to refer to each e)itreme of the’ ’

d1men51on .’ For® example, the children say such thlngs as, "thls is o v

& blg)and\th1s is a 11tt1e bit b1g" ;''this has a 11tt1e b1t 1otsa dots \f‘f;

s . 1

\ .
aqd this Qas lotsa lotsa dots", "these are wider in and these are . e
. wider out",\''those are farther together anﬁ they're almost together',
. ‘;" . : v
© "it's too 1dng andrit’s not too 1ohg"' "this is 1ong and ‘this is a bit & .

2 1ong" (po1nt1ng to the shorter of the two stlmuh) *This type of ' :
usage may ac:c:ou:sft \for the child's error 1n 1abe11ng posite ends of

the same d1mens1on with the same word.. If he gets c nfused and forgets
the mod1f1er the type of errors that Clark (1970) and Donaldson and B .

Wales (1970) describe c:ould qu1te ea\lly result SR N

. ‘ o
‘ - .Pf While there/ls clear ende&e for asynmetry in the acqulsrtmn of '7“ "
o ~po§itiye and nega§1ve rélational ‘termmology, the same asymnetry is rrot N ,’ '
" appareﬁr:n’ thé acquisition of ‘the concepts. There were no d;‘rfferenr:es . g “o
h between the afeuisitien of ‘the ;Sig and f,ittie concepts in the No cuel - ,g;e
. cendnlon,' but Big fac:111tated concept att?lent more than L1tt1e g
\ dzd% the Cue cond1t1on In ExperlmW the Big and L1tt1e conc:epts ? .'

-

- - - -
- . . »




- 22 -, )

were .of equai difficulty.- The asymmetries appearto be more "relat‘ed'

to langdage acquisition rather than to the acquisition of the concepts,

- again suggestmg an mdependence of 1anguage and thought The f‘ailure

to find asymmetry in concept acqu.lsition para11els the findmg of
Cole, Gay, Glick and Sharp (1968) that tﬁe erlle people, in whose

"

-

. of nunber. : .

.languagé there is a predominant use of the p051t1ve as opposed to

negative terminology to refer to size, showed N0 asynme.try 6f trans-- °

. <
position of a'size concept.

- s,

The ‘order -of task difﬁiculty replicates the: f1nd1ngs of Siegel - .

(1974) in which the child gradually learns to separate and coordinate

“the dimens ioms of 1ength and nunber The Mag Diff L-D task, “in which

-

length and number, are negatively cor'related aﬁi Q{ns required the

Coordination of. these two dimensions, was espec1a11y difficult One

1

“of the children verbalized this problem with this task, "this one is -

. .

k.
“bigger (pointing to’ the moTe numerous, more dense set) but this one v

is two so it's smaller". Another chifd said "it's- big 'oecause 1f you

get mixed .up you know/lt's big"'. It is apparently the re1ationsh1p of 3

e . these two dimensmns that creates the dljfflCUlt}’ w1th the undersganding

.
"

Y

The results ‘of the present study(are relevant to cdrtain issues
%

in 1anguage acqu151fion The development of the child's pefceptual and |

. c0gn1t1ve skills has been. suggested as the basis for hlé ear1y~ 1ahgﬂﬁge

acquisition (Bever, 1970; E C1ark 197{4 Slobin,’ 1973) The present
study suggests. that conceptua'l development, in th:ts case the abilrty

to recognize nunerical equality .and inequality, jgcurs_ prior_to the .

c




<o Bramerd 1973 Siegel, 1974)

° - . .,

.child's a.cq%%sition of relaticnal terminology and is.necessary, rtgut’

.~ not sufficient, for this acquisition. In addition, these data .

partially support; the‘,assert'ion'that rel,at,i've 'cognitive.cotnplexity.< -
detemihes the ofder in which language will be acquired.“ The -,

“ 5 . . . . - . /
magnjtude concept represents a simpler, more.basic.quantity concept

than the equivalencd one (for a further discussion -of this point see

Clearly, the magmtude concept was’ t,\he

\.
< ' easier oné Understanding of the words big and little preceded the

understandlng of same number at least for the younger children in

t

{
this study. "This differénce -is evidence for the fact that: words

for the more complex concepts are learned later.than.words for the
omp ep ! rds
- - - —’

snnpler ones., : ‘ d .
o . The™ .results o;f these stud1es \trongly suggest that m]:tlally
. \language and ‘thought functlon mdependentfy 1n the young ch11d and
that as the Chlld deveIops\, the concepts and language tend to become
more related. 'I‘he mrg&u:atlons of these flndmgs for. the assessment \
of cognrtlve operatlons in ‘the young child are qtute clear concepts
on a non-verbal, probably perceptual level before language has’ any

. re1at1onsh1p to them. Therefore, to the extent that the resﬁlts from

e b

these expernnents are generahzable to other concepts me urements -

' of cogn1t1ve skills whlch rely on the uhderstandmg 1dnguage or

r the product1on of 11ngu1st1c‘ responses will -underes imate -the cognitive

abrlltles of the young ch11d 'I‘hese studles deménst'rate that ch11dren

»

can process 1nfonnatlon about re1at1ve and absolute 51ze in a meanmgful

way and ass1m11ate new mstances of these concepts .yet not neCeSSarlly

R S e

be able to respond to or proddce language -about .quantlty /

Y

L]
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- Figure 1. Representative stimuli from each of the tasks.

. .. Figure 2. Mean number of ?rrors as a-function of condition dnd age.
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