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Abstract

This-thesis explores valrous aspects of young children's con-

-~

cepts of number and length. The intentigns of ;hé author were: to ex-—

¥
e -~

hd o
amine some of the factors which affect young children's choices of quanti-
. 1 .

tative strategles, to explore thelr understanding of comparatlve terms
*,
such as "longéf" and "mor€'; to consider some questlons about the nature

of concepts and cognitive development.
- @‘
The first part of the introd&%tion describes theories,of number,

- - £ .
both formal and psychological, with particular emphasis on Piaget's,

theory of number. Six main issues are derived from the theories. " The
author argues that these issues might all benefit from a research para-

digm in which the, young child's concept of  number is’studied in conjunc-

»

tion with his concept of length. For example, most number theorists

£}

assign the small numbers in the natural number series a unique stdtus.
The author ;rgueé thaé while it 1s possible that small. numbers of ele-
ments wiil’enable'nuheribal operations, they may make length operatioés
more difficulp when "they are arrangéd in a linear fotrmation. This’can
only be determined- by askiné the child t; evaluate both number and .
length on the same stimulus arrays. The ne;p three sections.of the in-
troduc;ion'review previous research relevant to: factors ;nfluenciqg
children's choice of strategy; the nature of their understanding of
quagfitative terms; theories of ,concept acquisition and cognitive de-

velopment. The final section restates the six main theoretical issues

in light of previous research findings.

iYe
<

Thé second chapter presents six experiments. In all these ex-

. periments the author asks young clilldren between three and seven to

C . - (111)
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make judgments of the equivalencz of the nﬁmber and'length of two rows

s

of elements}’ However, in each cxperiment dlfferent aspects of the task
are varied }gTongst them: the set size, training; the means of pre-
sentation of the rows; the nature of the terms used, whether positive,

example "less"; presentation of

for example "more'", or negative, for

two or three dimensional arrays.

The major finding of the research is that some children consisk~
tently employ a length strat;gy to- judge both’nu;ber and lenggh; other
children consistently employ a number strategy to judge both number and
length. These strategy biases can Be altgreé through changes in t;sk
variables such as set size and pra;ning. For example, small sets pro-
duce a number bias, large sets a length bias. Strategy biaées also
occur in response to-negative terms such as "shorter', and on three di-
mensionai as well as two dimensional ;rrays.

In the final chapter the author discusses the implications of
the research findings for the six main -issues outlined in the intro-
duction. Thé\authof concludes that éhildren's early quantity doncep;s

. ’
are multidipensional. Initially the child may begin with a super-
ordinate concept qf b}gnés;. In the course of cognitive development the
child acquires variou; blans for discriminating dimensions, estimating
quantitatives, and differentiating. situations approﬁriaté to the appli-
cation of these strategies. In the:absence of appropriate piEnslfor any
of ‘the above, the child may substitute inappropriate .plans in some con-
sistent fashion. The inappropriate, consisfentl} applied planﬁ acqountt'
for systematic strategy errors. In.the course of time and.expérienceU
these plans come to act as referents for the linguistic system. The

. - : 3 o .
author also concludes that; while some of Piaget's insights and

.
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theoretical arguments have been invaluable in aiding psychologists'

N

understanding of the development o6f quantity concepts, various éspects

-

of his theories such as the notion of centering and the role of transfor-

mation in the de§elopment of conservation, require further specification

or modification.
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INTRODUCTION

The general purpose of the following work was to study some
aspects of the development of young childrens' concept of number,
including some of the basip comparative language related to the
qgmber and length concepts. | '

It is perhaps a commonplate to state that the study of the
development of,conceéts is one of the most difficult yet interesting
endeavours that a psycbolégist can undertake. There are important
questions to answer concerning the means whereby the variety of
stimuli, in.many domains and on manj\levels!Bf abstraction, are
processed, organized into concepts or categories, and Ptilized by the
organism (Clark, E., 1973; Garner, 1§74; Rosch, 1976). To' many
psychologists, most notably Piaget in recent years, the study of
quantity concepts has promised to increase‘their knowledge of the
development of basic reasoning processes, and the study of the
terminology associated with quantity concepts th;ir understanding of
some important ;spects of the development of‘language.

During approximate;y‘the past fifteen yéars most pgychOIOgical-
research 9# quantity concepts has been influenced by Jean Piaget's
substantial work in this area (S. Miller, 1976). However, Piaéet's
. inf1uence, at least in Norgh America came late. *In 1951, for'exapple,

a North American review of the literature available on number concepts.

éives sixty?§§§r referénces, none with Piagét'é name (Martin, I951).
‘{{‘Su ) '

L)
.
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Long before Piaget, psychologists and educators viewed the

clarification of the psychological processes involved in the development

of quantity concepts, of number concepts in particular, as important.
» .

As stated previously, on one level this reflected the belief that an

>

understanding of the processes invelved in the use of the number concept
offered to reveal something of the nature of high leyel reasoning .
abili&ies. However, on another level it reflected the great vaiue .
placed upon mathematical skills in western culture and education. )
‘//Pragmatic concerns for impfoved éducational practices, and»theof;tical
concerns about the nature‘of intelligence, motivated ‘the interest in
number &oncepts of eérly psychologists such as/Alfreé Binet (18905,
John Dewey (1897-8), and Max Werthheimer (1912).:

The reason for the impact of Piaget's work on quantity concepts
-

‘

appeﬁrs to be the subétantial rolé these concepts’plaﬁed“in the"'_
develgpmenq of his theory of intelligence. He created his ébeory of
'intelligence in an attempt to produce a genetic epistemology, i.e., to
produce & theory of k;owledgé based upon data concetning the péxpho—

A logical origins of such knowledge. Although Piaget has disclaimed
any“intention of §rguing for the necessity of such psychological data
for a formal epistemology, he has argued that the psychological data
goﬁld be of value to the eplistemologist in clérifyi;g certaln issues,

- for example, the criteria for concepts (Beth and Piagét, 1966).

Philosophers and'psyCQQlogisté both have questioned é;d debated the’ .

13

legitimacy .of his claim (Hamlyn, 1971; Toumlin, 1971; Kaplan, 1971)}.

[y

oThis is not_anlissue to which this dissertation will address itself:

however, it‘m;ght be noted that Piaget has not been alone id asserting

K
@
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the value of psychological data for’clarifying formal questions
- X . : ’
(Brainerd, 1973). ‘

In constructing one of the only compreliensive theories of the
aevelopmegt of intelligence in modern psychology, Piaget filled a
vacuum. Within this theory the quantity concepts, particularly the
number concept, have achieved an important status as indicators.of the
deve%opmental changes in operations and sgructures which constitute the
fundamental quality of intelligence. For example, the failure of a

child to conserve number, i.e.; his failure to maintain that the

numerical value of two rows of dots as presented in Figure 1(a)

v
. . N

%o

(a) ' : (b)

e

Figure 1 ‘
remains the same irrespective of irrelevant changes in the sets, such
as a change of length as in the figure 1(b), supposedly indicates the

absence of certain logical operations basic to combining elements,

i.e., A+ A = 2A, and ordering sets of elements, i.e., if A > B, and

.

B>C¢C, then A > C. Such a failure places the child in the "pre-

operational" period of thought, a period qualitatively different from

c ey oA -

the concrete operational period, where the child will view the
conservation of number as a logical necessity (Flavell, 1963).
In addition to the above{ Piaget's concept of the concept . ]

has-had an important ihflﬁence’on pé&chology. He has clalmed that



concepts and numbers have an important common property, i.e., ...''the
additive operations which bring together the scattered elements into a
whole, or divides these into parts'" (Piaget, 1952). However, his
major cont;ibution to the study of concepts‘has been to emphasize
"within things" variability when most psychologists have been interested
in "between things' variability (Elkind, 1969). That is, Piaget, in
his studies of the development of quantity concepts, has focused
interest on changes in the characteristics of a single instance or
examplar, as in the number example Sresented in Figure one. He has
pointed out the necessity for Héving rules; or operations, or ﬁrinciples
for distinguishing between real and apparent changes. 1In contrast, most
developmental and cognitive psychologists of the associationistic
tradition have been interested in the processes involved in grouping
according to similarities and differences along discrete continua. ’
For example, they have been intgrested in establishing dimensions for
distinguishing ''dogs'" from "cats' and including these together as
"animals'. These‘psychologists have tended to neglect the @evelopment
of the ;uIes or operations for dealing with "within'" category or
concept variation.

The differences betyéen the traditiomal and the'Piagetian

~

approaches reflect the Aristotelian - Gallilean distinction regarding~ ‘
concepts (Elkié@, 1969; Rosch, 1976). The Aristotelian regards
préperties ag discrete,’the function'of the concepts as classificatory, .
. and the content of the eogcgbt as derived from the properties of the |
class or category. fhe Galilean emphgsizes the variations in'the

properties of a single exemplar, the function of the concept as

predictive.and explanatory, and the content of the concept as

[ -



discovered in the variations in a single instance.

While it is true, as Rosch has recently argued, that Piaget
and his followers have neglected the internal structure of categories
in studies of classification in favor of studying reasoning processes,
the Piagetian work on quantity concepts has pointed to the importance
of developing means for dealing with some kinds of changes in some
kinds of single instances. Piaget has argued that it is the necessity
for dealing with this "within things" variability which leads the
individual to develop quantity concepts. This seems to have its parallel
in the history of science; the interest.in states, processes, relations
and transformation, rather than abstract classes has led to'the refine-
ments of’methods of duantification (Cohen, 1956). T’

Piaget'!s work on quantity concepts, then, has had a considerable
impact omn psychoiogists' understanding of the development of think}ng
and the nature of concepts. 'It has certainly been influential in
forming the specific questions posed in the .research presented in this
thesis. However, the specific intention_of this author was not to
produce data to refute or support aspect§ of Piaget's theory, although

. . x
some of the data may do this. Rather, in light of certaiﬁ common
. I
igsues addressed by tho;; intérested in ﬁuantity concepts, and through
the use of a partiéular method, it was the author's intention:
/5}5—EE~Eizéine some of those facéors which‘iqfluegce a child's
qugntitative-jﬁdgments on lineér, numerical arrays;.
(2) to further'delineate the natufe’of the'yoﬁng child's understanding ’

of comparativ& terms. ‘

(3) to consider some general questions on the nature of concepts and

kY

. ’
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cognitive development;
Throughout the 'research presented in this thesis the author

asked children to judge exemplars such as those in Figure 1(a) and
(b) in terms of both number and length.. It was her belief that such
an approach had its own particular value for realizing the above three
‘'general intentions. The reasons for that belief will be argued in
chapter one.

| This thesis will be presented in three chap£ers: Chapter one
will provide pertinent background literature and a statement of the
general issues of concern\ig this research. Chapte; two will consist
of a presentation of the research findings. The conclusion, presented
in phaptef three, will attempt to indicate the relevance of the main

research findings to the major issues raised in chapter one.

Ed
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Chapter One

This chapter consists of five subsections. The first section
will present some of the theories of the origin of number with an
emphasis on Piaget's theory. From certain aspects of these theories
it will be argued that there are reasonable theoretical grounds for
maintaining that young children possess initially a multi-dimensional
or global quantity concept .from which develop specific concepts, such
as number and length. -Part of the development of specific concepts
such as number and length involves either learning to attend to
appropriate dimensions or leérning the op;rations which allow those
dimensions to be treated differently, o; both. Wheéher the child
does attend to the dimensions, or is able to perform thi opefations
may depend on aspects of the array such ;s set size and/configuration,
and methods of presentation. Obsefving the child's responses on a
4uantity task requirihg a verbal response to length and number questions
should provide inforﬁation about:‘ (1) fhe meaning which the éhild
assigns to comparative terms such as "more" and 'longer"; and (2) some
of qhé general processes of concept ;cquisition. This sectjion will
conclude with a statement of the main theoretical issues of inté:ist
in this thesis. 1In section two some of the empirical daté will be
presented which ind;cahe that factors such as setr size, coqfiguration,
‘the nature of the method of presentation, for example, static or
transformable arrays, do affect childrens' quantitative strategies.

7
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Section three will contain the literature available on young
children's comprehenéion and proQuction,of comparative terms. ‘The
literature in this section raises the important issue of the relation-

ship between cognitive and linguistic status. As well, the literature

indicates that from children's judgments on quantitj tasks the researcher

(4
can infer what the referents and meaning of quantity terms may be.

The material presented here provides evidence for the gradual emef@uqce.
™,

of a hierarchy of comparative terms and for a "loose relationship" \\

between cognitive and linguistic status (Holland and Palermo, 1975).

Hn

In Palermo's terms the relationship is "loose" in this sense: . evidence

. LY
indicates that while success on a number test such as conservation

’ ¥

correlates positively with a test of a child's understanding of -
.basic terms such as "more" and "less" (Harasym et al., 1971; Sinclair
de Zwart,,1969), some children'conserv;\ahe\dg_ggciundefgtand the
terms, and some children do not conserve who do'understand the terms.
‘The fourthAsection‘will outl;n%.briefly some general approaches
to the stu;y of concept écquisition. It will be arguea: first, that
. by studying over different ages the ways in which the §oung child
* uses quantity coﬁcepts one may be able to evalﬁafe various aspects of
the general approaches; second, that aithough the actual mechanisms
for the acquisition of thg number concept and for quantitative terminj
ology are not clear, it may be helpfulltb view acquisition as the
assembling of.plané, or str;teg%és, for example, "small number, count;
large number, use ;gngth". These plgﬁs or strategies constitute the

medning of the concept and may be referred to as units or pompdnents

of meaning. The addition of such components may reéult in the child

.

g
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atteﬁding to different dimensions of an array. In turn this could
result in new bases for judgmen's and referents for terminology.

-The fifth section will conélude with the major éuéstions of
this thesis. These are based on the main theoretical issues presented
in section one, now supported by the literature reviewed in sectiomns
two, three, and four.

] Section One: Theories of the Origin of Number

Psychologists, Brainerd (1973) notes, should be careful not
to equate mathematics with the science of number. In fact, oné
persistent quéstion in mathgmatics is the éélationship bf number to
6ther areas of mathematics, for example, geometry. Nevertheless, most
ﬁa;hematicians have occupied themselves with ;umber and some of their
general and specific occupations have been ;eflected in psychology.

Three main appfoaches.to number are found in the history of
mathematics. The earliest view, but one still pregent in modern times,
is that the .natural num#ers? the posifive integers occurring early in
the series, are the found;tion of mathématics. Thgse who accord the.
natural number_;his primary status have believéd either: that the
deveryday" integers have an independent existence, i.e., a reafiity
%pdependent of any construction in men's minds [Pythagora{]; 6r, more
. receﬁtli, for. example, [Brouwe{]‘— that the series of'naturgl numbers

are known intuitively, i.e., are not constructed but given[?oin¢af§]

(Beth and Piaget, i966; Brainerd, 1973). The natural numbers are -

contrasted with negative numbers and fractions which, since they
apparently lack any correspondence.to physical reality, are believed

to be constructed. The higher positive integers are also viewed in
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some- sense as being "unnatural , "abstracted", or "constructed , as

they cannot be intuitively grasped but must be constructed from

knowledge of the.number sgries (Lanczos, 1968; Lovell, 1961; Piaget,

1953) . '

The view that the natural numbers are the foundation of
mathematics has been contested by modern logicians and mathematiciahs
such‘as Dedekind, Frege, Russeli, and Whitehead. The above have
argued that logic is at the foundation_of'mathematics, byt have
expressed two opposing views. Dedekind argued that number is ordinally
based, i.e., the basic concept is relaLion; the basic operation, that
of ordering a series aécording to principles of tramsitivity and
asymmetry. Frege, Russell, and Whitehead, on the other hand proposed
that the-basis of,nu@berlis the concept of class, and the basi;
operation that,;f correspondence - a cardinal number is '"class of
classes".(Béth and Piaget, -1966; Brainerd, 1973).

" The thi;ﬁ school, called the nominalistic or formalistic school,
is represented by D. Hilbert. Followers of the formalistic school not
only rejected natural numbers as the foundation of mathematics, they
argueﬁ tﬁat both logic and mathematics simply reflect linguistic devices
(Beth and Piaget; 1966; Brainerd,.l973; Cohen, 1956). i i

,Over the years various psychologists have emphasized different
aspects oé the fo;mal theories of number outlined above. Some
ﬁsych&logists, Piaget pre-eminently among them, have claimed that an
understanding of the pSychoiogical origins of number (or geometric

concepts) might be helpful in resolving some of the formal debates.

Although not all the psychological ‘theories of the origin ©f number



I1

can be presented here, some of the historically more important theories
will be. The purpose of-this pfesentation-is twofold; first, to
indicate the counterparts in psychological theories of certain concepts
and concerns found in the formal theories; second, to show how different
psychologists have conceived of the emergence of the number concept.
The emphasis will be on Piaget's theory and will include a comparison
of aspects of this theory to his length theory.

ﬂ Helmholtz claimed that ordinal number could be reduced to
the sense of time, derived from successive states of consciousness
(Beth and Piaget, 1966).° In a somewhat similar vein to Helmholtz,
Phillips argued in 1897 that successiveness is the fundamental experience
of gonsciousness a‘\\is derived from all sensory modalities. Eventually

the series 1dea itself is abstracted. Qbildren, Phillips maintained,

o

show the series idea well in advance of the number idea. They find
an intrinsic pleésure in any.kind of series, including, eventually,
the seriés'of number name; independent of any applicqgion to 6bjects.
'.Evenﬁually the symbols are applied to objeéts. At first, however, the
child does not perceive an obJect and the number name he applies to

it as independent. The child. is not. able to count vicariantly, i.e. ,‘
to apply the numbers independent of any order of the objects. The
number name becomes .an intrinsic part of the.object to which it is
attached. Phillips took strong exception to the notion that the

child derives number fr&m the necessity'to measure, 'the rational
proces§"; or to make quantitative iudgments (Dewey) ; or from the
app;ehen§ion or discrimination of pumbgr as an Ettribute’of a group

of objects (Lefevre); or from enumeration itself. "Number is derived

Bt b
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from the experience of successiveness'". An interesting feature of
his argument is his assertion that too much emphasis has been placed
on sight in the studies of number, with the result that the series

idea has been neglected:1

"Number in its genesis is independent of all
quantity, and the science of number is essentially
the relation of one number in the series idea to
the other." (Phillips, pg. 243)

Dewey strongly disagreed with Phillips, mainly because Phiilips
did not take account of magnitude, or intensive concepts of degree

such as "little, much, more, less", etc.

"The point is that the savage and the child .
begin with equally vague concepts of plurality
correspending to the series, and with an
equally vague sense of the totality or unity
(quantity) which is split up into this plurality.

, . - By the application of one factor to the other,

- each is defined .--- We begin with an equally
vague "many' and an equally ‘vague 'much ---
number is absolutely essential to the measure-

‘ment of ?uantity." (Dewey, 1897)

. 1 : . .
The series only becomes pumerical when its parts are ordered with

reference to place and vglue in constituting the whole group. The

~ group can only be counted| when it is perceived as made up of a plurality.

. . > 3
Because of this interdependence, Dewey claimed that the series idea

and the quantitative or magnitude idea are '"logically correlative".
The child's problem is to distinguish relative place from absolute

place, and from spatial form.

L

1. Marion Blank has recently argued that the role of language in
cognition has been undervalued because of an emphasis in modern
cognitive psychology on visual discrimination rather than on

auditory discrimination, which of necessity involves temporal-serial
disé¢rimination (1974). ’
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Dewey's theory presupposes active mental processes in the child
which bring about numbef concepts through dealing with objects (&cLellan
and Dewey, 1896). The basic érocessgs are those of discriminatioq and
abstraction. The child has to isolate individual units and reject all
the qualities of the objects but their individuality. He must then
group these individuals into classes (McLellan and Dewey, 1896; Lovell,
1961). However, the grouping is not perceptual, but an abstract
cognition built up from activity. Dewey's ideas in this respect are
similar to‘Piaget's which will be presented shorfly. However, as
Lovell points out, Dewey, unlike Piaget, did notedevelop a comprehensive
theo;y to account for various aspects of the transition from physical
to mental activity.

Werthheimer,.as might be exﬁeé%ed éf a Gestaltist, emphasized
Ehe importance of the structured and‘natufal groupings as’ the basis of
ghe number. The grouping,"non;quantified" plurality, must be considered
-genetically prior to counting in the dévelopmgnt of number. "Plurality
is not genetically a quantity of identical items, .but an articulate
whole" (Wexthheimer, 1912). There are, however, different types of
groupé in the enyironmenti There are éréups such:as "family", and
the fingers on the hand, which are natural gfoups. There are other .
groups such as "the group of eight watermelons', or "the gtoup of nine
watermelons", which are not na£ural~groups; these are groups only by
virtue of their numerical total. It is these'groups which Werthﬁeiﬁer'
believed to be the foundation of mathematics.

According to Werthhéimer c@iidrén and “sa;aéesﬂ_are'bound to

concrete objects and to natural groups. The.problem the child has in

. ' ' {
S e

-
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learning -about number is overccoming the power of the natural groups in
his thinking. H& must do this before he can master number, for the
main feature of number is its transferabii}ty. To use:;he number five
mathematically the child must be‘able to perceive the number as not
intrinsically part of the group "fingers'", but as transferable to any
group of objects. In addition to the ability to separate the number:
from the object, propef counting fequires the ability to recognize the .
bas{é unit for the count; to apprehend the total group to be counted;
and, to perceive the distance from the origin of the count.

Wich respect to the rééuirement that the child must learn to

-

distinguish relative place from absolute place, and from spatial form,

R T R 2

Dewey's and Werthheimer's theories appear to be similar. The major
difference lies in the role-they assigned to perceptual and cognitive ' :
processes. Werthheimer emphasized the important role of perception in

grouping; Dewey, it should be recalled, perceived grouping as a

cognitive process evelving out of activity.

Aot e

Pre First World War psychologists such gs Phillips, Dewey'

and Werthheimer ngeloﬁed their number theories either through natural-

istic observat%ons-of cﬁildren‘in school settings, or, in the case of
Werthheimer, of "savages'". The study of individual children was‘also
popular (Court, 1920). After the Qar, theories of number tendéd to !
be based on findings\from studies of groups of children in which

'experimegters manipulated variables, even though'the methods they

0‘,

employed were as disparate as Piaget's clinical method and the standard-

ized'test proceduresd of Douglas (1925).

Despite the post war changes in approach, there is still no

AR Y




agreement on a psychoiogical theory of number. However, the most
influential number theorist of the period has been Jean fiaget. His ‘
theory of number will now be examined in some detail.
Piaget

Briefly, Piaget states the observable stages in the development
of number are three. In stage one, when judging number on an array
which consists of two rows of equal numbers of items, the child appears
to base his judgments on a single attribute, usually length. He is
not able to perform one to one correspondence. A child performs one
to one correspondence when he matches one object in one group or series
with one object in another group or series. In stage two, the child
can establish one to one correspohdence but this is perceptually based;
in the face of changes in length or density he will surrender a
judgment of equivalence. For example, if a child has matched ;ggs in
a row to egg cups laid out in a row of equai length, and judged them
to be equal in number, he will change his judgment of équivalence if
the experimenter exteﬁds one of the rows. Judgments tend to be

inconsistent at this stage since they may be based alternately on’

length or density. 1In stage three, the child-conéervgg_pumber, i.e.,

will judge the number to be equivalené even in the face of -spatial

distortions. The ability to conserve pumber and explain why the
numbers remain the~§ame despite spatial(cﬁanges is the criterion for
the possession of the concept of number. This ability usually appears
at abou£ age seven (Piqget,-i952).‘

In Piaget's view, the activity of tﬂe\*?ung child'in relation

to certain envirohmental events, for example, the sorting and arranging
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of groups of objects, is important in the’genesis of his concept of
number. Certain characteristic:: of these activities are abstracted,
\becomihg mental activities or intermal operations. These internal
operations are identified with logical operations.

The internal operations that form the basis for the construction
of number fall into two categories; operations of class and operations
of relatioms. Qperations Sf class dgpend on similarity; operations
of relation on d;fferences.n An example of simplehclassification is
a child's assiéning roses (A) and daisies (B) to the same class,
flowers (C). The development of simple class%fication operat;ons allow
the child to establish the equivaience of sets - the cardinal aspect
of numbér, i.e., Eﬁ? is always two, al@ays belongs to the Ciaﬁg’of
two. Bagic to establishing cardinal eéuivalence is the ability to
perfoim 1 to ! correspondence operations. The child must disregard
differences in the objects and take one for one. A child can establish
cardiﬁal equivélence this way even without counting. Also basic to
establishing cargingl equivalence is the recognition that the value
of the:set is nog altered except by addition or subtraction.

. [ . .

-An exampie-éf éimﬁle operations of relation eor ordef is a
child's arranging a series of sticks of different lengths in ascending
or descaﬁding orde;; The devélopment of ordering operations enables '
the child tqioraer sets, or elements within sets, according to
differences - fhe ordinal aspect of numbef, f.e., first; secénd,
‘third,.... Basic to the ordinal concept of number'?s the ?biliQ?: to
‘order thé éets according to a unit diff%;ence,'"Number is an additive
union of unité" (Piaget, 1952); to appiy transitivity,-%.e., giveﬁ

. -



<

17

that A > B, B > C, then A > C; uand to maintain one—to—one‘correspondence
detween two orders, for exampl:, between the sequence of the numerals.
themselves gnd the counting of the elements. The child must count in
sequegce and no object more than once. The ordinal value is assigned

by the‘order in which enumerated. ”

Piaget proposes that the operations of cl;gs or similarity, and
thé-operatiohs of relation or difference develop in parallel. For the
child to construct the infinite number seri?s, he must coordinate both
sets of operations. The child must t}eat each element of a set as the
same, 1.e., as one unit irrespective of other qualities. He must also
treat each element as different, i.e:, with regard only to its arbitrary
position in a series. If the child attended only to similarity, he
could ﬁot establish the sequenée of elements, if té differences, the
equality of the elements.

For many year; now/Piaget has represented the ‘set of mental
operations underlying simple classification and ordering described
above with logiéo~algebraic models cal%e; Groupings (Piaget, 1952; Beth
and Piaget, 1966). If a child shows that he is able to perforétsimple

addition and subtraction of classes, for example, A + A, = B, B - A, = A,

1 1

’

"or A (roses) + A1 (daisies) = B (flowers), he is said to possess Grouping

I. .If the child shows he is able to do basic ordering operations on
o .

differences in value along a dimension, for example, given a row «of

objects of different lengths the child is able to order them correctly
from longer to shorter, he.is said to possess Grouping V. The additive

and ordering operations represented by Groupings I and V are intensive,

i.e.,‘in terms of performance this means the child is able to.judge that
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something is "less', or "more", or "longer'", or "shorter" than something
else, without quantifying the dcygree of difference (Flavell, 1963;
Ginsburg & Opper, 1969).

When the child shows he is able to conserve number, he is said
to possess the Group. The Group represents formally the integrated set
of class and ordering operations, the...'"additive group of the whole
numbers" (Flavell, 1963). Iteration, i.e., A+ A = 24, has been acquired.

In terms of performance this means the child can transform the degree

> e

of difference into iterable units resulting in arithmetic operations.

Until the two sets of class and relations cperations emerge
and are integrated, Piaget assigns the child to the preoperational or
prelogical period of thought. 1In this period he will judge number,
(and other experiencesi according to simple, isolated percepcigns. For
- example, he will judge the value of number of two rows of dots as in
Figure 1 (a) as equal, then change his judgment if one row is changed
in length. He will not take into account the change, or transformation
itself. When the operations are coordinated, and the child is able ts
take account of both similarity and difference simultaneously, he will
conserve number. With this, ;iégec assigns the child to the concrete
operational or loéical period. Piaget, then, views logic not as
developmentally prior/to the emergence of numbe;, but as concomitant
with it.

In the concrete operational period the child's judgments are
not bound to isolated perceptions. The internal operations are now

flexible; they allow the child, to combine successive isolated states

into a kind of continuous and reversible motion picture. The flexibility

.
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of the operations is due to their reversibility. ' For example, an
operation of adging A+ B to form class'C can be negated by taking
subclass B away from C. Operations also allow for reciprocity,
i.e., they éllow the child to récognize that a change in one dimension
is compensated for by reciprocal change in another. For example, a
change in length in a ;ow of discrete elements produces a reciprocal
change in density. The only limitation still present on the child's
ability to judge number in this period is that the ;perations cannot
be performed in the abstract; he can only perform these operations on
objects actually present.1

As indicated several timgs in the discussion above, the child's
ability to conserve number, i.e., to maintain a judgment of -numerical
equivalencé aespite apparent changes in an irrelevaA; dimension, is
Piaget's“main criteflon for stating that the child possesses the number
éoncept. It is as well an important milestone in the child's
intellectual development. Indeed, Piaget cpnsiders the ability to
conserve a quantity, i.e., to maintain ; judgment of equivalence despite
apparent changes in an igreleva;t dimension, to be the chief criterion
for the possession of any quantity concept, be it number, length, volume,
density; etc. The child's progress through the concrete operational
.ﬁer%od is marked by tge acquisition of these various concepts. The

-

principle of conservation is therefore important both in Piaget's theory

‘-

llm the preoperational period before the basic operations are integrated
there 1s some flexibility attained when individual operations are
acquired. Piaget calls this "intuitive regulation". (Flavell, 1963).

.
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of the development of number and in his general theory of the develop-
ment of intelligence.

The notion of identity and conservation should not be confused.
Identity refers to permanence in the definitions of a term:' a water-
melon must not be assigned the properties of amn ori?ge\{ﬁjfﬁe course
of a discussion, nor four the properties of five. Conservation refers
to permanence in the exemplars; a group of four watermelons must not
be judged as a group of five watermelons unless another watermelon is
added. Logically, an idea or term which does not retain its identity

in an argument, i.e., does not have any permanence of definition, .

PR

cannot be used in any meaningful reasoning process (Elkind, 1969). -

[ S

However, Piaggt maintains that the notion of identity is not sufficient

for reasoning; it isnecessary to have the principle of conservation.

A major question for Piaget is how the child acquires the principle of

conservation; his answer rests on the concepts o% structure, centration,

and equilibrium, in his theory of intellectual dévelopment. These

concgpts.will now be considered. o ) . ' ' .
In Piaget's,theory of the development of intelligence the idea

of structure is ;xtremely important. It is structure which changes

with development and which determines the characteristics'of‘thought

at different periods. It is, therefore, of the greatest interest. i . ) j

L1

For Piaget,structures are\ the organizational properties of intelligence,

. —
organizations created through functioning and .inferrable from'the

behavicral contents whose nature ﬁhey determine." (flavell, 1963, p.17)

ST e

In the discussion of Piaget's theory of number mention was made

of the changes in the characteristics of the child's judgments from’
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the preoperational to the concrete operational period. .If the child
makes contradictory statements about ;he val;e of number when changes
are made in an array of Hots, Piaget infers that the child's thought
. at this stage is organized or structured in such a way that he responds

to isolated pef@éptual features. He then assigns him to the pre-

operational or prelogical period of thought. When the child conserves

number, Piaget infers that his thought is now brganized or structured
by the integrated operations of class and relations. He assigns him
now to the concrete operational or logical period of thought.

Centration is a .characteristic of thought prior to the concrete

°

operational period. It consists of attending'to individual features
or dimensions of objects or elements without taking %ccouht of other
important features or dimensions. Decentration, on the ther hand,
consists in attending to other possibly relevant features. This is
made possible when the child achieves flexible.operations which allow
him to consider the possibility of negation and reciprocity.
Decentering ﬁay be viewed as a cognitive process akin to the
broadening of attention. Piaget éésigns it an important general role
in the deveiopment of intelligence. Noteworthy is Piaget's statement:

"Here as indeed in every other.realm of human .
knowledge, intelligence starts from an
unconsciously egocenttic outlook which is a
very congeries of unwarranted centerings, and -
which hinders grouping because it leads to
irreversible assimilations. The very fact of
overcoming this egocentric outlook, is by definition,
we may say, the first and necessary step towards
the logical combinations of relations. The °

. process of decentering reaches its final state
with logical (or sublogical) grouping and the

mathematical group".
(Piaget, Inhelder, and Szeminska, 1960, p.25)
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Centration and Decentration are important in the equilibrium process.
Piaget employs the equilibrium model to account for changes

in the structure of the child's intelligence. Different states of

;Qyilibrium exist, which can be compared acéording to the following

thr;e main properties:

(1) field of'appiication. As the child develops intel%ectually the

field of application of the system of actions or operations expands

’)

and the state of equilibrium improves. Early in development the field
of application may be based on‘giﬁgii-zfzsgpcions, single centrations.
To illustrate; When*the:child does not possess the integrated
class and relations operations necéssary to number, he judges numerical
equivalence according to a single visual perceptioﬁ of the'length or
density of rows in an array. He ”cen;ers“ on length or density. His
judgments of equivalence can therefore alter ,easily dépending on his
momentary perceptions. When he does possests qhe iﬁtegra;ed operations
he will'be able to take into account the relationship between length
and density. |
(2) mobility. With the extension of tﬁe field ;f application the child's
judgments are éreed from the épatio-temponal constraints of sinéle
perceptions. This provides mobil%ty - dn impqrtant feature in the
development of greaéer Equilibrium.' Referring to the illustration
abdvi%’the child .is able to take accouptoof: chanées in the past, such
as, addition or subtractiog; conétaﬁcies in the past, such as the
équivaience in the two rows.
,(3)‘stabilit; or permanence: A more stable equilibrium state is-pr;sent

when new input into the system is mot apt to alter the balance of the

S
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structures: When the child is bhound to single perceptions, new

percepﬁual input will lead him'fo alter-yalues he assigns to the

.objects or attributes he perceives. For example, in the absence of»

operagions for number, changes in the length of an array cause the

child to alter the value of '"nmumber'. When the system is cognitively

balanced, changes in length will n;t resuli in such changes in value.
ﬁhen a system 1s equilibrated, it is balanced or stgble.

Intellectual development for Piaget consists of the development of

successive systems of mental operations which . are in a balanced and

_
stable state of interaction with different aspects ofnggafity. A

child is only able to deal with -environmental events in terms of the
actions ané operations whicé he has available to him. What motivates
intellectual development is the need the child feels to establish a
more st;ble interaction between himself and the environment. That is,
the systems are modified as the child grows aware of the discrepancies
in values which he succgssively.assigns to'the same objects or elements.
The child's movement from one state ;f eduilibrium to another is
described by Piaget in terms of the probability of his adopting a
particular strategy. For exa&ple, in the development of the number
concepé, the prqbabilit& of the child: using 1eng£h, density, or both.

to judge number ;1Cers. (Flavell, 1963; Ginsburg and Opper, 1969).

The notion of e;uilibrium is thus impoftant in_fiaget'é theory
pf_intelligenée, for it is the basic mechanism for transition. -True .
intellecﬁgai dévalopment is baseﬁ upon this mechanism, in parqicular
upon the cﬁild's experience of disequilibrium. Specific learning,

i.e., learning spehific responses to specific events, can'take place,

. _—~—y
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but will not be generalized correctly to new situations in the absence
of the necessary mental structures. That is:
"If there is too great a disparity between

the type of experience presented to the

child and his current cognitive structures,
one of two things is likely to happen.

Either the child transforms the experiences
into a form which he can readily assimilate
and consequently does not learn what is
intended, or else he merely learns a specific
response which has no strength or stability,
cannot be generalized, and will disappear
soon'" (Ginsburg and Opper, 1969).

v

That being the case, another imporéant criteria for the possession of
a concept for Piaget is that it can be generalized across a wide variety

of applicable situations. Such generalization indicates true intellectual

development. ' -

Having reviewed Piaget's concepts of stfucture, centration, and
equiiibrium, it is possible to present his view.of the development of
the principle'qf conservation of number. "(The process 15 comparable
‘for other quantity concepts such as length).

Piaget'maintains th;t conservation of numbér develops throuéh
equilib%iation‘of cognitive procgssé; in four steps. The strategies-
the child adopts reflecg a probability based oﬁ subject—ob&ect relations. .,
For example, éiven a linear, numerical; display with t&g dimensions;
density and length, in the firsf‘step, on a chance basis, the’child .
.will center 6n one of Fhe diﬁensions of the display and m;ke that th;
basis of his'judgmenbs. Subposedl&,'botﬁ dimensions pave an equal

" probability pf.being “centered." In step two, the child attends to,.
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or centers on, the other dimension, for example, density. Piaget
maintains that two factors accovnt for this shift: First, the child

is subjectively dissatisfied with his response because of constant

changes in his perception, i.e., he experiences disequilibrium. Second,

changes in the saliency or prominence of contrasting features will
attract the child's attention, i.e., an increase in’the length of a
linear array of discrete elements will make density a more prominent

feature. After both features are noticed the child begins to alternate

between them, until eventually he notices both at the same time -~ step 3.

When he has noted both featurés over a series of trials, he begins to
qbserve the tranéformations which relate to the inverse changes in the
dimeQ;ions. With this integration of states and transformations,
conservation is achieved. Siﬁce conservation is a princiﬁlé which
guarantees a stable interaction with a wide range of events in the

environment there is no further need for changes in strategy. A stable

cognitive structure has been achieved. (Flavell, 1963; Ginsburg and

)

H

‘Opper, 1969). ) _ P -

It is appropriate now to consider thé relationship of Piaget's
theory of number to: the three main formal approaches to number; his
own theory of lehgth. ’ :

Because Piaget does not view logic as preceding number in the

genesis of the number concept, but rather as emerging concomitant with

it, he rejects the formal number'theorieg of Dedekind, Ruséell, and
Whitehead. These theorists argued that logic is the basis of number.
His position on the naturaf numbers is less clear.

)
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In The Child's Conception of Number, which was published

originally in 1941, he appeared to accord an intuitive status to the
early positive integers of the natural number series.

"To sum up, we can now see why the additive
hierarchy of classes,’ seriation of relation-
ships, and operational generalization of
number (i.e., the construction of numbers
above 1, 2 ... 5, which are intuitive) appear
at approximately the same time, about the age
of 6 or 7." (Piaget, 1952)

However, in 1966 he seemed ta change his position on the status of these
natural numbers.

"When we say that the series of positive
integers is "natural", we generally mean by
this that the early part of this infinite
series corresponds to a group of everyday

L concepts expressed in language by the number
one, two, three, etc., either in speech or
writing....the early members of the series of

positive integers....correspond to distinct

concepts in the subjett's consciocus thought,

and this has been sufficient for many writers

to regard them as being "natural" (which will

not however be sufficient for us)....psycho-
logically the construction of the first natural -
numbers is the result of a "synthesis" in a ° .
single system of a series of class inclusions

and of seriations." (Beth and Piaget, 1966

pp 166~167.) o

The latter statement .appears to be a clear rejection of the position
of the formal theorists such as Brouwer who arguédmthat'the natural

numbers are not constructed but given. However, again in 1952 he wrote:
"But apart from the numbers 1 to 3 at
about the age of 3, 1 to 4 at about the
age 'of 4, and 1 to 5 at about the age of
5, the construction of number cannot
remain within the field of perceptual
intuition and can therefore be completed
only on the operational plane...Ilt follows
that at this level the intermingling of
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the cardinal and ordinal processes that

constitute number ir only in its early

stage, and there is not as yet true co-

ordination.”" (Piaget, 1952, p.154)
This last state@ént may help resolve the apparent contradiction of
the first two. .Piaget may acc;rd a peculiar status to tbe early natural
numbers, but he still retains the not;on that they are\ggnstructed.
The argument appears to be the following: Because the child is able
to grasp perceptually the similarities and differences between groups
of smali numbers, he is able to use intuitively the beginning class and
relations operations to construct a small number series. The smgli
numbers then may enable -the beginning integration oé the class and:
relations oberations. However, until thgge operationg are truly
integrated on the cognitive plane the remaining number series cannot
be constructed.

Finally, what does Piaget have to say about the possibility

that both logic and @athématics simply reflect linguistic devices?
sriefly, because in Piaget's system operations are dir;ctly dgrived
from actions,tﬁé thought processes involved in logic and mathematics
do not depend upon,linguié;ic abilities. Piagei therefore rejects
the "nominalistic or linguistic" theories of mathem;;iCLans such
as Hilbert.

1]

In Piaget's system the child's thought processes are simply

'reflecped in his language - "language is the dependent variable (Flavell,

1963)". Even khough the child may have learned to use the socially

L

transmitted linguistic symbols, the information he transmits via
language will be boqnd to his level of understanding. Similarly, the

information he derives from others speech @ill be interpreted in terms
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of his underlying available ment.al structures (Piaget, 1955). For
example, when a child says ''there are more glasses here" to the longer
of two parallel rows, after having said that both have six, he is
indicating something about his logical status. According to Piaget,

the use of "more" here reflects the child's lack of operations which
would allow him to differéntiate number and the space occupied (Piaget,
1952). The young child may also not have certain words available to
him. However, for Piagét it is the iogical underpinnings gf the

words which are of interest, and he believes that the logical under-
pinnings ére reflected in the child's verbal responses.

Piaget also argdes that ve;bal labels, such as*those empioyed
in couhting, can be a purely rote accomplishment; they ha&e no bearing
on the processés involved in the development of number. As in the
example above, the child might be able to count to six by rote but

this has little to do with his grasp of number. Verbal competence does

not guarantee success at a task. The only role allowed language in the

early development of thought is as a stimulant, for example, noun class

names may help a child distinguish discrete classes (P;aget, 1952).
Only later, in the adult period of formal operationsldées‘Piaéet
assign language a mére important role as one of the useful notational
systéﬁs; algebraic symbols are another.

As stated in. the introduction éo Ehig thesis the baéic method
of study employed throughout the research was to ask a child to judge
both number and length on the saﬁe exemplars. The rationaie for this
method rests, in part at least, on the very close relationship between

[ 4 .
Piaget's theories of number and length. It is now appropriate to

~
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consider what this relationshipr is.

Piaget has proposed thnt three elementary structures of thought

develop in the preoperational éeriod. Two of the structures are based
on operations relevant to discrete objects or elements: structures of
claés operations {nd structures of relations operations. These are
the structures basic to number. The third structure is based on
operations relevant to objects as. continous wholes. These operations

are basic to spatial concepts such as length. Taken together then
A\ . >
the number and length concepts include the three elementary structures

of thought. And, ﬁfaget believes, all future intellectual development

rests upon these three structures - including the high level reasoning

~

exemplified by mathematicians and logicians. To quote Piaget'

"Accepting the hypothesis that the three
elementary G (Group) structures alone cover
all the natural structures, and the hypo-
thesis that the mathematician independently
of the formalization which always occurs
a posteriori, only constructs mathematical
entities by using "natural thought', simply
refined by an uninterrupted series of pro-
gressive abstractions originating not from
empirical objects (perception, etc.), but
from the actions and operations which he
performs on these objects, it then follows
that this construction of mathematical
entities will be conditioned by the charac-
teristics of three elementary G structures.'
(Beth and Piaget, 1966, p.l8)

Piaget's’theory of the development of the concept of length is
élearlf and explicitly parallel to Ais theory of the development.Pf
numberf(Piaget‘ét al,, 1960). The main stages in the development
of the concept pf length éorrespond to thoée for numbef. In the

firxst stage, the child appears to attend only to the single end-points

.
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of two equal-lengthed objects. If one end protrudes beyond the other,
he will judge one stick as longer than .the other, Figure 2(a). Or,
if one string 1s straight and the other is curved, he 1is apt to judge

the curved string with matching end-points as equal in length, because

(a) (b) (c)

Figure 2

he disregards rectilinearity, Figure 2(b). At stage two, the child

may take account of the overall interval, i.e., attend to both sets

of end—points'and attempt to compénsate'for lack of rectilinearity. -
However, if éhe length is segmented, he may attend to the segments of
the line, ignoring the overall extension, Figure 2(c}. Sometimes he
may treat éhese segments as‘equal units, i.e., count them, or he may
attend. to a "privileéed segment" - i.e., to one segment which is longer
or shorter than-the others, and use it as the basis of his judgments.
In stage three-A the child attains qualitative conservation of length.

If he has first judged two lines as equal in length, he is able to

Ll »

maintain the judgment of equivalence, even if the lines are segmented,

bent, or changed in position. At stage three~B, for which there is no
. - . . .

parallel -in number, he attains quantitative conservation of length.
He can apply spontaneously some standard unit of measure,'for example,
his own finéer, to establish equiv;lence.

PiagetAreserves the term logical operations for mental actibns

performed on discrete objects. He calls the mental actions performed

.
/
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on geometric spatial concepts such as length, sublogical operations
(Piaget et al, 1960). The sublogical operations which he believes

to be basic to the development of length are: (1) operations(relatiqg
parts and wholes; and (2) operations relating orders. For example,

if a child is to judge the length of a strip of paper cut into pieces,
h? must be able to reconstitute the whole; and this must be dqge by 7
placing the pieces in a systematic relationship, one piece be;;de the
other,

As in the case of number, the systems of mental operations for
relating parts to wholes, and spatial and temporal orders, are
represented by’formal models called Grouping;. Only when the operations
represented by the Grouping for sublogical operations relating parts
to wholes, and the operations represented by the Grouping for spatial

and temporal orders are coordinated will the child conserve length

.qualitatively. He must attend both to the subdivision and to the

order of the end-points. This is at about age 7. The child will

conserve length quantitatively when the sublogical elements can be
!

quantified, i.e., transformed into iterable units. This makes measure-

ment possible; however, Piaget states that measurement operations lag

behind arithmetic. operations "...because the application of the notion

of a metric unit involves an arbitrary disintegration of continuous '
wholes" (Piaget et al., 1960). Children, therefore, conserve length

v

quantitatively at about age 8. The development of the principle of
conservation of length is brought about through the equilibrium process,
as in the case of number.

AXthough the logical and sublogical operations basic to the
A ;
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development of the concepts of number and length are formally similar,
and the psychological development parallel, Piaget argues that they
must be distinguished, because they are in several important ways the
inverse of each other: (1) Logical operations are performed on discrete
sets of objects; sublogical operations on continuous wholes. When
discrete objects.are combined they remain discrete, for example, daisies
and roses into the class of flowers. When parts qf a whole are combined,
a whole is pr;duced, for gxample, pleces of pap;r into a strip of paper.
(2) Logical operafions are not dependent on the proximity of elements,
i.e., classes and relations can be established independent of spatial
and temporal factors, for example, the class of flowers. Sublogical
operations are performed on wholes - if the whole is partitioned
spatially or temporally, the whole no longer exists. For example, the
strip of paper.

Of importance to the conceptualization of the research presented
in this thesis is the following: Accor&;ng to Piaget anq Inhelder (1959)
children in the preoperational period may not distinguish logical from
sublogical operdtions. For e;ample, in classifying a set of objects
they may group some of the objects according to an attribute such as
colour or shape and at the same time group some of the.objects to make
a figure (Flavell, 1963, p.198). In the course of the preoperational
period, Eherefore, the child»must learn to distinguish situations
apprcp?iate to. the use of sublogical operations. In terms of the
concepts of interest to this thesis, he must learn to dintinguish

situations appropriate to the use of numerical operations from those

appropriate to the use of length operations.
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To conclude this discus~ion of Piaget and this section: It
was stated earlier that there is as yet no agreement on a psychological
theory of number. éiaget's theory is not exceﬁted. Given the broad
role the quantity.concepts play in Piaget's theory of intelligence and
in his genetic epistemologymhis number theory is open to a broad range
of criticism. There have been questions concerning: the appropriate-
ness of his methods to assess the child's status on a concept (Miller,
1976; Siegel, 1977b); the true order of emergence of cardinal, ordinal,
and natural numbers (Brainerd, 1973); the accuracy of his matgematical
models (MacNamarra, 1975); and the legitimacy of his epistemological
claims (Hamlyn, 1971).

It was not a primary goal of the research presented in this
thesis to add to the literature specificaliy critical of Piaget's
theory of number. Rather, certain unresolved issues found in the formal
and psychological theories, particularly Piaget'sa and in the related
research literature, generated the research questions presenteé in
Chapter Two. It was héped that in providing empirical data relevant
to these‘questions the general intentiéns of this thesis could be met.
The main theoretical issues will now be prgsented. On these iésues,

a rationale is given for considering the number and length concepts

of the preoperational child conjointly. Section five will formulate

'these issues as general hypotheses supported by the literature reviewed

in sections two, three, and four.

(1) There is a broad agreement among number theorists.that the child
infers, constructs, or abstracts some aspects of number from experiences
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in the real world, whether perccptual or based on action. Initially

the child may consider number tu be an actual part of‘a group of objects
(Werthheimer, 1912; Dewey, 1897) or of a particular object (Phillips,
1897). 1If the child derives number from perceptual discrimination of,
or actions upon real objects, thén his concept of number could partake
of other dimensions which these objects pogsess: their aggregate
qualities, for example, space occupied by a group; or their particular
qualities, for Sf?mple, one is the index fingér, two the middle finger,
etc. It seems reasonable to argue that, whatever the mechanism, the
child will have to develop some means for requnding to the dimensions

relevant to the particular concept, number; until he acquires these

means, quantity concepts such as number will be perforce multidimensional.

As well, other dimensions such as length,which were originally part

of the child's real world experience of number, should themselves
reflect the development of the child's numerical strategigs. One
would expect to find this multidimensional concept in childrgn in
Piaget's preoperational period‘(ages 3;7).

(2) As outlined previously, Piaget's thgory of the development of the
length concept is clearly parallel to his theory of the developméng

of the number concept. He proposes some communality in the logical

and sublogical operations underlying the two concepts (Piaget et al.,

19%0). He and his collaborators have reported that chiidren in the
pre-operational period do ﬂot alyays distinguish the,s@tuations
appropriate to one set of opérations from those appropriate to the
other (Flavell, 1963, p.195). Further, at some stage in the developmeét

of the concepts, children use length to judge number and number of
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segments to judge length. It is possible that a.child only has one -
set of operations available at the time when ‘he uses a‘strategy
inappropriately. For example, he may have only the operattons
appropriate to continuous elements and apply these uniformly. This
wo;ld not be Piagét's position. A conjoint study of the length and
number concepts might demonstrate the degree to which children treat
the concepts as independent and have‘obeéations appropriate to both
concepts available.
(3) According to Piaget’s equilibrium model a child's current coénitive
structure determines the probability of adopting a particular strategy
to judge number (or length). Prior to reaching full conservation status
his strategy may depedﬁ on the dimension to which his aFténtion is
drawn. Different dimensioﬁs may be more salient or noticeable at
different times. The dimension he attends to may depend on perceptual
factors, or cognitive factors, or both. It could be ghat a child is
able to identify attributes of an array relevant to length or number,
but for some reason finds a particular attribute ;verpowering and .
makes his judgment accordingly. Altering certain features of an array~
while asking for judgments of length and numbe; should allqw one to
identify some of the factors controlling dimensional saliency:
(4) An important feature of an array which may determine a child's
choice of strategy may be the size of the number set. Both formal and
psychological theories of number assign a peculiar status to the early
numbers in the natgrél nﬁmber series. &he possibility of perceiving

: .

small groups of objects as a group, but at the same time composed of

easily perceptible different elements, allows for the child employing
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'different response strategies tc¢ small number sets than large number

sets. As well, the child might show different -response strategies

to length according to changes in set size. 1In terms of the preceding
discussion of saliency, small numbers may make the attributes of the
array appropriate to number more salient. This may facilitate the

use of numerical strategies, but make length strategies more difficult.
(5) Piaget's.view of the language related t; quantity concepts is that
it reflects current cognitive structure. If current cognitive structure
determines the 'probability of a strategy and a child is not able to

differentiate dimensions clearly, in the preoperational period, the

‘referents or meanings of a child's quantity terms should reflect this -

confusion. That is, the cﬁild could assign words appropriate to

"more", equivalent

different dimensions, for example, ''longer" and
meaning. Also, the same words could change meaning according to the
nature of the task, for examéle, judging small or large sets.

(6) 1In keep?ng with the tradition of psychologisés such as Werthheimer,
Dewey, and Piageé, who believed that examination of the number concept
could shed some light on.the general processes of concept acquisition

“ .

and cognitive development, it 1s argued here that an examination of

various aspects of the number concepts simultaneously with the length

v

concept may provide new insight into some'of,the general processes
i;volved in concept acquis}tion and cognitive development.

In summary, some clarification of the above issueé,through.
examining the p;ptprn of responses of -young children,(;hiidren in

Piaget's pfeqperational period) to number and length questions on the

same exeﬁplars, could increase psjchologists‘ understanding- of number,
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language, and cognitive development. A child may respond correctly

or incorrectly to a request to make a quantitative judgmént. Tﬂe
pattern of such responses allows the exﬁerimehter to infer that

the child is employing a particular strategy. In this introductory
section mention has been made of some of the possible qLantitative
strategies, for example, counting, and the factors which may influence
their use, for example, set size. Section two,which follows,outiines
the research literature bearing on the quantitative strategies a child
may employ in judging linear, discrete, arrayé; and the factors which

may influence the choice of strategy.

Section Two: Quantitative strategies and the factors influencing the

choice of strategy.

KN

This section will review the‘various quantitative strategies
children (and adults) use to establish the numer;cal value of a set
of discrete items and the equivalence of the number or length of two
sets. There are; of course, nonquantitative strategies which a child
may employ in response to quantitative questions. For example, some
very young chil&ren glways point to the top row of two rows of dots.
0f major concern here, howeﬁer, are the qudntitative strategies various
investigators have proposed as the basis of children's évaiuation of
the numefosity of arfaxs. Amongst these are: gl) estimation of numer-
ical value bésed on other Aualities of the array besides numero§ity,
for examplé, lengfh or density; (2) perceptual strategies including

pattern recognition or subitizing; (3) 6ounping; (4) infe}ential

cognitive stratégies involving the use of a rule. In discuésing these

.
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strategies attention will be given to factors which seem to influence

the child's choice of strategy. The section will close with a brief

consideration of the strategies employed in making length'judgments.
There is evidence that at some stages in the development of

the number concept, length acts as an important cue for children's

numerical judgments (Binet, 1890; Gelman, 1969; Piaget, 1952;

Pufall and Shaw, 1973; Siegel, 1974a). It iS'inférred that a child

is using a length strategy-by examining his response pattern to

different arrangements of rows of dots. For example, the expefimentér

might conclude that a child who says that Figure 3(a) top row has

more, Figdre 3(b) bottom row has more, Figure 3(c) the two rows have

the same, is using the length dimension.

(a) . . . (b5 cenn ()

A

Figure 3

This strategy shows changes with age and with set size. For example,
Gelman found that no nursery school children used length for their
Judgments of set sizes 2-3; whereas 507 of them used length on set
sizes 5 and 9; no grade 2 child used length on any set size (Gelman, .

19755. She found no evidence for a dedéity strategy.

Schaeffer, Eggleston, and Scott (1974) have recently. argued

that the estimation of small numbers (set size 1-4) is founded on

péttern recognition, the résult of perceptual learning.. For example,

the child learns that two dots imply a straight“liné, three a triangle. .

§
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It is their contention that pat%ﬁ:n recognition is eventually integrated
with counting as the child attu%pts to estimate the numerosity of larger
sets. However, recognition itself constitutes the basis of the growth
of estimation skills. These investigators support their argument with
findings from a study in which pattern recognition was credited when

a child did not point at, or count; figures in an érray, but simply

gave a number. They used set sizes from 1-7 and found thaF,initially,
young children (3.8) relied primarily on pattern recognition to

establisﬁ the value of small sets (1-4). The same children were

unable to establish with any accuracy the value of sets 5-7. There
\Were indications that as the children got older (4-5 yrs.) they were
more apt to rely on counting to establish

4

since thé investigators discouraged the children from counting out-

the 5-7 set sizes. However,

loud, their assumption that a child was not counting when he gave
the numerical value of the small sets seems unwarranted.

Over the years a variety of studies on adult's span of
apprehension have established that subjectz under time constraints
are only able to accurately report the number of elements in an array
when these fall below seven, although the "magic' number seven could
be extended to seven éroups of more than one element.l These studies
were usually tachistoscopic studies with limited presentation time..

" They produced set size reiated curves which show very rapid responding

~

1. Sperling's studies in the early 1960's indicated that the limitation
°  on the "magic" number seven was imposed by the speed with which a.
subject could read off a rapidly decaying visual image. Subjects
actually had a great deéal more information available to thém than
the reporting limits indicated (Neisser, 1966).
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on sets below 6 elements and progressively slower reséonding on'set§
above. These findings from adult span of apprehension studies have
led to the argument that the process for estimating the numerosity of
smali sets is a pfimary immediate perceptual mechanism "subitizing',

a kind of rapid pattern recognition. The process for estimating large
sets, over 6 elements, is counting (Kaufman et al., 1949).

The findings from adult studies have led to suggestions that the
subitizing mechanism is the meéhanism employed by young childrentﬁhen
they estimate the numerosity of smalllsets - a kind of brimitive
intuition (Klahr and Wallace, 1973). It should be recalled in this
regard that Piaget has stated that "apart from numbers 1 to 3 at agout
the age of 3, 1 to 4 aé about the age of 4, and 1 to 5 at the age of 5,
the .construction of number_caén&t remain within the field of perceptual

<y
intuition." (Piaget, 1952).

However, the advqcayes of subitizing have trouble accounting
for the developmental changes in accuracy of estimation and the type
of strategies employed. In a recent study of estimation accuracy in
relation to set size by Gelman and Tucker (1975), time constfaintsl
of varying stringency wefe imposed, ;.e., 1 sec., 5 sec., and 1 min.
The children were ages 3 to 5 and the set'size 2 to 5. Older childrén
were less likeiy to count than younger children, and accgﬁacx'in
estimating the larger numbers increased with age. Countiﬁg iﬁcreased
with ‘the amount of time allowed for estimationj

* Gelman disag;gps with the aévocates'of subitizing, arguiné

that the young child may actually employ counting in his estimate of the
o : . ’ .

numerosity of small sets. .She has proposed that this couating is a
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true counting, indicating the proper coordination of actions or mental
operations needed to bring a set and a verbal series into relationship’
(Gelman, 1975). Beckman and Descoudres and Gelman have provided evidence
that children do count when making either gbsolute (Gelman & Tucker,
1975) or relative numerical judgments (Gelyan, {972).I This, combined
with evidence that these same young children possess some operator, for
example, they are aware that the numerogity of a set is changed through
the addition or subtractian of one unit, has led Gelman to assert that
counéing may be the basic mechanism w%ich eventually leads to an
apparent subitizing, i.e., rapid counting in adults; or, alternatively,
both counting and subitizing may take place  together. -

Whether a child counts 6r in some other way estimates numerosity,
(When he does count,he appears to be more accurate in his estimates of‘
numerosity. Gelman, 1975 ), seems also to depend on other aspects of
the stimulus array besides set size, like the arrangement, or heteroganeity
of the items in the set. With regard to the ;rrangement of items, Potter
and Levy (1968) showed that when very young children (age 2% to 4 years)
were simply asked to point once t6 each member of a set of identical
items without counting, performance was better with a si?gle, horizontal
row when there were more than 6 items, as compared to performancé wiih
two rows of three each.

The effects of configuration.were aléo demonstrated by Beckwith

and Restle (1966) in a reagtién time study with older children (7-9) in

1. An absolute judgment consists of assigning the numerical value to a
single set.
A relative judgment consists of deciding which of two sets has more

f{ or less. . .
o \
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which reaction time was greater for larger sets; this was related to

the configuration arrangment, i.e., the most rapidly counted arrangement
was the rectangle, then a single horizontal line, a circle, and a random
pattern. These findings on thg effect of configuration appear to
indicate an increasing reliance on grouping as a means of counting as
children get older. Beckwith and Restle propose that a subitizing

mechanism may be employed on small "

good groups'" and these then summed.
With regard to the heterogeneity of items, the Potter and Levy

study showed that the youngest children in their sample (2%) were

better able to point once to each member of a set when it consisted of

randomly arranged heterogene0us‘rather than identical items. Howeveg,
there is some evidence that heterogeneity of set items may distract
somewhat older children from numerosity. Gelman & Tucker (1975) cite
a study by.von Gast with evidence that preschoolérs,who could give
accurate estimates of numerosity on homogeneoﬁs displays, could not

do so on heterogeneous displays. In contrast, Gelman & Tucker did not
find heterogeneity to have an effect in children age 3-5.

Siegel, however, like von Gast, found that in preschoolers
heterogeneity of items was a powerful distractor in numerical tasks.
Sieéel (1973) required that children age 4-8 match sets of 1-9 items
for equivalence. The arrays varied according to linear{ty of arrangement
and heterogeneity of items. She found phat gherg,were's;gnificant

differénées in task difficulty in the 4-5 year olds. For.these children,

- \
the matching of. heterogeneous items in linear arrangement was most

difficult, followed by matching of nonlinear arrangements of homogeneoué

sets.
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In a 1974 study, Siegel examined the ability of young children

4-5 to associate numerals with the correct set size (l1-3 items) when

‘linear arrangement and heterogeneity of items were varied. She found

that heterogeneity created pooref performance in these children while
spatial arrangement did not. Siegel speculated that’phe difference in
findings on spatial arrangement in the two studies probably reflects
the difference in the set size employed. On small sets children may
be able to ignore spatial arrangement. However,‘even on such small set
sizes heterogeneity had a substantial effect (Siegel, 1974b).

The variable effects of heterogeneity may relate to the nature
of the task and the age of the child. Siegel employeé a ﬁatch-to-sample
tagsk; Gelman,absolute estimation. In the match-to-sample task, the
pfésence of a variety of geometric fo;ms in botﬁ the sample and the.
alternatives could have resulted in children forming subgroups accotding
to form, across arrays. Such subgrouping could interfere with the
identification of the actual groups or sets required to make the
numefical comparison. On absolute estimation\tasks like Gelman's,
heterogeneity facilitates the count. Support for.such an argument comes
from findings bZ Schaeffer et al. (1974) which showed that in children
4-9 absolute estimation was better on sets with subgroupg of different
tyﬁes of items than on sets with identical items.

1f "grouping" is a'basié mechanism which develpﬁs in some way,
it is possible that thé effects of heterogeneity alter with age. 1In
the Potter and Levy experiment (1968) heterogeneity appeared éo assist
young children ugﬁe} threé in keeping.track Ofﬁij7m$L Howevér,‘if as

children get older they tend to group by patternd, or common features,
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or define dimensions by "higher ¢rder invariants' (Gibson, 1969), hetero-
geneity could interfere with the¢ estimation of n;mber as in the Siegel
studies. Such a course of develépment.would seem tOo presuppose an

early predisposition to attend to variability or novelty, and development
to consist of legrning to isolate ;ppropriate dimensions and to take
variability into account in an apprbpriate fashion. At the same time,
while the homogeneity of items in linear arrangement seemed to facilitate
the extraction of numerosity in Siegel's study, it is possible that
homogeneity of items, by facilitating the extractioﬂ of group dimensions,
for example, length, could at some ages or stages or with some set sizes,
make judgments of numerosity more difficult.

According to Piaget,children in the preoperational period will
necessarily be dependent-oo perceptual factors and pefceptual strategies
because fhey lack the integrated ;et of logical operations necessary
for true quantitative strategies. Counting in this period cannot be
considered true counting. It might be recalled that from his equilibrium
model Piaget argues that the child's choice of strategy in the pre-
operational period is predicated on the saliency of a partiéular dimension
of an arrhy, i.e., in the attention ;ttracting power éf a dimension.
Changes in the child's strategy then reflect changes in the attent;on
attracting power of the dimension. Unfortunately, psychologists do
not know much about the basis of saliency; saliency may result from
physiological, pgrceﬁéual or cognitive factors.,

Rosch (1976) has suggested that there may be cases Qherg saliency

is physiologically determined, for example, certain colours may be more

;. .
salient because the visual system is constructed so as to respond
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paximall;yto th?se colours. In other cases, a class exemplar may bg
more salient becahse it more closely corresponds to a category prototype.
P. Miller, Grébowski, and Heldmeyer (1973)" have suggested that saliency
‘may be perceptuglly or cognitively determined, although tearing the two
apart may be extremely difficult. Some features of a stimulus array
may ‘be more salient because they show ''good form" in the Gestalt sense;
other features may be salient because of the child's_knowledge pf the

world. Given that Piaget clearly distinguishes between perceptual and

cognitive processes, he probably would accept that both kinds of saliency

)1’

are operative. He has, howeéer, paid scant attention to saliency effects
of any kind.

Perceptual saliency has been the most widély studied. It is
usually defined in terms of a child's (or adult's) preferred choice
of a dimension on a classification task (Odom, R. and Guzman, 1972). The
chil?‘is typically given 3 items which vary on two dimensions, say
colour and form: for example, two circles and one triangle- one triangle
red, one circle red, and one circle white. fée experimenter then suggests
to the child that he puts the ones together that belong together.
Typically, preferences for different dimensions are established. Odom

has suggested that hderarchies of dimensional saliency exist and these

are subject to changes.with development. Some experimenters have found

apa  wea

that these preferenéés operate in such a way as to affect performance
on leafning discrimination tasks (Suchman & Trabasso, 1966). If the
child is attending ﬁoiope dimension, and he must learn ‘ta respond'to
another? he will ‘perform more péorly than if he is attending to the
dimension which is positive’ in the learning situation.

In several recent stud%es-Miller has explored the role of

-
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stimulus dimensions in children's quantitative judgments. She has
demonstrated that Piaget's assumptions concerning the equal probability
of attending to both dimensions in makinglquantity judgments do nét
always hold. Some dimensions may be more salient than others. Testing
for children's (5-6 yrs.) attention to the dimensions of length and
width in a conservation of continuous quantity task, she found that in

spite of the experimenters' attempts to call attention to the width

dimension, the children persisted in attending to heighﬁ (P. Miller, 1973).

In a follow up study on a conservation of substance task, (children,
age 5-6 yrs.) Milliy.found that length was the primary determinant of
the child's judgﬁent, with very little evidence for any period involving
width (P. Miller et al., 1973). Miller suggests that the child who is
about to become a conserver may break away from a "perceptual" use of
a dimension, but th%s does not mean that he necessarily will attend to
another dimension. In line with the above, Gelman (1969) suggested
that there may be a hierarchy of response strategies which the child
uses in making his quantitative judgments. Amongst the factors important
in controlling this hierarchy of response strategies may be an as yet
undeiineated hierarchy of dimensional saliency.

Not everyone agrees with Piaéet that the child in the préh
operational period will depend on percePCual strategies bécause he
ldacks logical structures. Bruner, for example, main;ains that indeed

the child does rely on perceptual strategies, but this is not indiéaéive

of ap absence of a'logical structure. The child probably‘bossesses-chis
4 - . . . !

structure but is overwhelmed by his perceptions (Bruﬁer, 1964) .
Despite differences in tﬁeit theoretical positions, both Pidget

and Bruner predict changes in thé value a child assigns a dimension
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after he observes a transformation or movement of a stimulus configuration.
Their position is supported by considerable evidence that young children
do not conserve length or number in the face of observed transformation,
or changes in an irrelevant dimension of a stimulus array (Piaget, 1952;
Piaget et al., 1960). Where a child has made a correct judgment con-
cerning the equivalence of two equal rows of elements, or of the
equivalence of two equal sticks, he will frequently change his judgments

in the‘face of eithér the extension of a row of discrete elements, or

a movement of one of the sticks.

However, unlike both Piaget and Bruner, some psychologists,
amongst them ?aron (1974) and Bryaﬂt (1974), have considered the
possibility that inferential strategies based on the child's ability
to. use a rule may be available to Piaget's preoperational child and
unﬁer certain circumstances contribu£e to his performance. The avail-
ability of such inferential strategies is usually assessed in terms of
the possible, or actual difference in performance on static or trans-
formed arrays. A static of "quask—conservation" number array consists
of two rows of.dots in various arrangements, stuck on a white card.
Transforming an array requires that the dots be moveaple. Consequently,
a transformed array is an array where the experimenter can move the
dots. The transformation of interest is the transformation of a
dimension irrelevant to the quantity'hnder study, for example, length
on a numerical array. Whether observing an "irrelevant" transformation

results in improvement or decrement in performance is the question. 3

Both Baron (1974) and Bryant (1974) have speculated ¢n the nature

. of the strategies available for estimating number on static and trans-
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formed arrays. Under the static condition the only strategies available
to the child would appear to be those relying on estimation techniques
such as counting, subitizing, or the use of perceptual cofrespondence

of some kind. Under the change condition an historical strategy may

be available which depends on the child estimating the opening and
subsequent configurations, and assessing any changes made in them. If
the child possesses a number invariance rule, i.e., he understands that
in the absence of any addition or subtractiom of elements the number

of an adjudged row remains the same, he may be able to infer changeg

or lack of changes in the relative values of the rows without counting.
In the absence of information on which to base such inferences, i.e., in
judgments based on static arrays, performance might be more subject

to ﬁerceptual influences. ‘ |
: Bryant (l1974) has presented evidence that children's scores

(age 3-6) may improve or deteriorate under the transformation condition
on a numerical task dépending on the configurations employed. If the
transformation is from a configuration which allows for a numerical
estimation strategy, i.e., where one to one correspondence‘is perceptually
visible, to one which does not allow for the same estimation strategy,

it should be possible to observe the use of an inference because o%

either below or above chance leével performance on the second configuratfbn.

Figure 4 illustrates with the appropriate configurations.
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If the child transfers information about a judgment of A1 AZ’

c

where A1 has more, to C 2 he chould judge C1 as having more even if

1

he cannot count properly. If the transformation is from a configuration

which does not allow the 1 to 1 estimation stratepy to another which

does not allow the 1 to } estimation strategy the child may employ

a length strategy and give only chance level performance on a number

question., Figure 5 illustrates the appropriate configurations in this
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Figure 5
Bryant's findings led him to conclude that the main deficit of a young
child who fails to conserve is to be found in the laék of a criterion
for choosing between different estimation techniques, not in his

inability to make an historically based inference.

In a study of number using both transformed and static arrays,
Zimiles showed that children (Kindergarten to Grade 2) made more errors
dn transformed than on static arrays, although the differences were not
large (Zimiles, 19§6). Conservers were more apt to give a correct
nuﬁber response to the static arrays. Howe?er, the correlation between
conservation status and the numbe; of correct number résponses on static
arrays was not perfect.. In contrast to Zimiles, Beilin found that

children of this age made more correct responses on transformed arrays

than on static arrays (Beilin, 1969);_ﬁowever, in a stﬁdy of 3 to 5 year
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olds he found the reverse, i.e., the children made more correct
responses on the static arrays (Beilin, 1968). Beilin suggests that

tﬁe discrepancy between his two age groups may indicate not an absence
of the necessary strategies in the young child but some inability to
"correctly utilize the information imparted by the transformation"
(Beilin, 1968). That, of course, does not explain why their performance
was worse on the transformed arrays.

If the child does not have an invariance rule, or is unable to
infer, or lacks the necessary estimation techniques like counting, he
may then rely on the same strategy on both static and trensformed.
arrays. For example, the child may always use length for his judgments.

Indeed, if the transformation itself does not attract the child's

i ey

attention, then it might be‘e¥pected that there would be no effect of
the transformation, i.e., performance would be eqeivalent on transformed
'ﬂ or static arrays. Within Piaget's equilibration scheme, the
transformation per se is not attended to and coordinated with pre and

3 post transformation states until steps-3-4 in the process.1 i.e., late

in the development of the concept of numbér. As stated previouslywys:
changes in strategy prior to steps 3-4 are predicated om changes in
dimensional saliency. .

To summarize this discussion of numerical strategies: There
is evidence that young children have available a number of strategies

< for estimating the numerosity of .a set. The strategy they employ

. 1 Piaget does propose, however, that the child may attend to the row
L ' or object being manipulated and make his judgment on that row. If
. . ‘that row always has "more" in it as it did in Mehler and Bever's

. (1967) study, the child will appear to be always right.
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seems to depend on such factors as set size, the arrangement or
configuration of an array, similarity of s;t,items, saliency of
dimensions, the presence of a transformation, and their cognitive
status., Whatever the mechanism, even young children; (younger than 5)
are able to give fair}y accurate estimates of the numerosity of small
sets. When they do not give accurate estimates of numerosity, children
appear to rely fairly consistently on another dimension of the array.
In the case of homogeneous, linear arrays, they appear to rely on
length. The studies also show developmental trends, i.e., children
appear to be able to‘give more accurate estimates of larger sets as
they gét older, relying less on non-numerical stratégies.

The strategies which a child employs when making length
judgments, and some of the factors which may influence tﬁe choice of
strategy will now be considered briefly. As in the case of number,
Piaget's theory of the development of length predicf; changes in
strategy based on'changgs in cogﬁitife status. In the preoperational
perlod the child judging length will rely on perceptual strategies.
These strategies may be greatly influenced by factors affecting
dimensional saliency. Of particular interest is evidence about thgse
facgors which may influqnce the child's choice of a numerical or
nonnumeficai strategy.

-

.Lquth is, of course, a spatial 'concept. ,In his theory of the

- development of length Piaéet indicates the various strategies which

the child may employ in judging length. He aréues that the Ehilﬁ‘s

first spatial concepts are topological, depenéent on such factors as

proximity, separation, etc. (Piaget, 1968). Theoretically, when.
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evaluating length, the very yoqu child will initially emﬁioy such
features ag)"heaping" (density). Therefore, the "more heaped" row
would be the more salient row for a length judgment. The child then
proceeds to an ordinal consideration of length based on points of
débarture and arrival, i.e., the child will then‘judge as longer a
line or stick which sticks out after éisplacement. At this stage the
child may also attend to ségments or intervgls. This is followed by
a time when the child coordinates information about end-points and
intervals. The final strategy is the use of an arbitrary unit of

" measurement, a proper numerical stragegy.

One of the factors which appears to influence a child's length
straéegy i; the absolute iength of the lines used when the child is
aéked to make a relative judgment. If the abéolute length 6f one
set of sticks is greater than the absolute length of another set of
sticks, then: after displacement, the Ybung child is more apt to
judge’the two longer sticks as the same length, rather than the two
shorter sticks. For example, the experimenter asks a child to judge
whether two sticks are the same length, or one is longer; and then.
arranges the sticks as in Figure 6(a) and 6(b). However, he émploys
one set of sticks 5 cﬁ. long aﬂd one 7-10 cm. long. - The child is more
;pt to judge the sticks in Figure 6(a) as unequal in lengkh‘thaq the

sticks in 6(b).

. (a) ' (b)’ 4

(Pigget et.al., 1960). Figure 6

)

O R e T T

(PO N,



53

Piaget also reports that the size or number of. internal segments,

-

or partitions or units influence the child's length judgments. "For

)
example, the experimenter cuts two equal length strips'of paper, such
as those in Figure 7(a) into segments as in 7(b), and asks a young

child to compare their lengths. The child may judge the top strip in

(a) ] (b)

Figure 7
7(b) as longer because of the longer internal segment in the top strip,

or the bottom strip in 7(b) as longer because of the greafer number of
segments. The children who judged accordrng to the number of segmenté
appeared to'respond to numerosity when asked to judge length, i.e.,
they may have been: employing a counting strategy.

A counting strategy has been found to operate in other spatial
judgments, i.e., area Judgments. Of_partlcular 1ntere§t here are the "\
“findings of a relationship between number of segments‘and strategy.

In a study of children'é‘(age Srli) area concepte (Beilin,.i96&)
found that in making comparative Judgments on displays like those in
8(a) and (b) children used two different strategies on a segmented
configurationu Where the number of segments was small ﬁfour%

-they used a eounting strategy;.howeuer,_where the number of segnents
Awas large "(nine), they used a "translocative" etrategy, that ie,
judged in terms of compensation'"here s a piece missing, but here's

another plece more ‘to fit in". 'The younger ehildren were less apt

0
»
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(a) ' (b)

Figure 8

to use a counting strategy on the display with the large number of

segments.

To summarize the above discussion on length: There is evidence
P .

that a preoperational child's choice of strategy to judge length may
depgnd on such faétors as the length of a line of-row and whether the
line is segmented. Also, Piaget's theory pfedicts developmental
changés from a strategy where the child may.attend to th; number of
segments without assessing end-points, to a true numerical strategy

where a true numerical measurement is applied. Beilin provided some

evidence for developmentél changes. in the application of a numerical

.strategy to a spatial concept. He aléo provided evidence for the

effect of set size. A small number of segﬁeﬁts is apt to provoke a
counting strat;gy to compare.spaces.

Section Two has ‘reviewed some of the evidence concerning tﬁe
types of strategies children'héve’available to make number and length
judgments. It.has emphasizéd developmental changes, and the factors

which may influence the choiceﬁapd change of choice of strategy. On

the basis of the evidence bresented here, there is reason to expect a



child's use of numerical, nonnumerical, or inferential strategies in
judging le;gth and number to vuary according to: the saliency of a
dimension, for example, length of a row,or number of elements; arrange-
ment or configuration of rows; homogeneity or heterogeneity of elements;
mode of presentation, i.e., static or transformed, and the age of thé'
child. Of interest in this thesis is the relationship which exists
between a child's strategies for judging number and for judging length.

How do changes in factors such as set size alter the relationship

between the length and number strategies?

Section Three: The Child's Language

o
«

Amongst thosg %actors which influence the child's performance
on a quantity task, one of the most important may be the level of his
language. Difficulties with eithér receptive or productive language,
relating to either syntax or semantics, could result in the child
responding inappropriately. Those inappropriate responses wouldhnot
gecessayily indicate that the' child lackéd the logical or cognitive '
skill being evaluated; howeﬁer, they could iqdiqate something about
the child's understanding of the words iﬂvolved. Also, unless the
experimenter assesses the relationship between the questiépé asked
and the featﬁres of the stimulus arfays at the time of the qu;stions,
he may wrongly evaluate fhg child's aﬂilitiesﬂ Rothenberg (1969),
for example, found that if the child had only-téljudge~"same" on
a conservation of numerical equality task his ;;ofe was much higher
th;h.if he- had to.judge Wmo;e“; the opposiié was true for a conser-

vation of inequality task. .
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Ultimately, however, the interpretation of such data as the
above depends on what one believes to be the nature of the relationship

between the linguistic and cognitive domains, i.e., between language

and thought. 1t was pointed out in the introduction that Piaget

believes the child's language reveals his thought processes but does

-

not directly influence them. Because of his po;ition Piaget has

rarely felt it necessary to systematically explore the child's

comprehension of terms or syntax.1 Bruner (1964),on the other hand, -

views cognitive development as dependent upon the modes of representation

‘available to the child for structuring reality; language frees the

child's thought processes from dependence upon his perceptions.
Others have argued that a child's responses on verbal questions do not

necessarily reflect his cognitive level; therefore, a non-verbal approach

is preferred (Miller, 1976; Siegel, 1977b).

14

In studies in response to the above problems and positions
four general approaches have appeared: a nonverbal approach; attempts
to "correléte" the child's linguistic abilities with performance on
a conservation task; attémpts to demonstrate either depéndence/or
independence of language and thought; and_studies of the chiid's

comprehension of terms which procede from some form of formal linguistic

analysis. These four approaches will be considered in turn.

1

One of the occasions on which he has felt it necessary to assess the
role of the language was in his debate with Mehler and Bever (1968).
In his reply he indicated that he did assess the childrep% language
to determine the comprehension of "more". The younger children did
not understand the term, but did appear to understamd "a lot", which
Piaget then used in his task. Mehler and Bever questioned the use

of this term, as "a lot" is an absolute rather ‘than a relational term.

\
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Nonverbal Approach

’

In the nonverbal approach to Piagetian tasks, efforts are
made to reduce language requirements to a minimum. The studies taking
this approa;h are important in the following way: They allow assessment
of concepts in such a way as to make it possible to demenstrate that
some form of the concept is available at an earlier point in time
than could be demonstrated on a language task. However, for the
purposes of this thesis, such studies provide limited inforéation
about the relationship between these nonverbal concepts, the verbal
concepts, and the role of langugge when the task requires its use.
Therefore, the other approaches yill be examined in more detail.

-~

Comprehension of terms and conservation status

Some general findings have emefged.from those studies which
attempt to assess a child's comprehension or production of relevant
language and relate this to some iﬁdependent evaluation of his
conservation status. These are: '

(1) According to Sinclair de Zwart children who conserve
show the following characteristics to their language: they.use more
relational terms; more highly’differéntiatéd terms, e.g., 'long-short”,
"fat-thin", as compared to "big-~small"; and more coordinated descriptionms),

i.e .y they refer to more than one dimension at a time. (Sinclair-de-

. Zwart, 1969).

! (2) Succesq on the conservation task is a good predictor of

the child's ability to comprehend, and spontaneously use, basic terms

such as, "same", "leéq",'"more", "longer", (Beilin, 1965; Harasym et al.,

1971; Sincllir de Zwart, 1969; Palerﬁo, 1973), as well as to make a
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word 1s-ambiguous; it can refer to the identity of an object or to
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\

correct verbal justification forlhyé performance (Beilin, 1965;
Sinclair‘he Zwart, 1969). Succ:;s on verbal tasks, on the other
hand, is not as powerful a predictor of performance (Beilin, 1965;
Siegel and Goldstein, 1969).

(3) "Same" is,of course,a basic term for making a conservation
judgment. Knowledge of ''same" appears to emerge later than the
knowledge of '"more', while it ‘is not clear whether it precedes or
follows knowlehge of "less" (Siegel & Goldstein, 1969; Harasym et al.,
1971; Beilin, 1965; Palermo, 1973; Griffiths, Shantz and Siegel, 1967).(
However, it doeg not emerge in a unitary fashion. Of interest is that
Griffiths et ai., (1967) found that correct usage on the number, length,
and weight dimensions corresponded to the order of emergence of
conservation,li.e., 1engch, number, .weight.

Some important aspects of the above findings which relate to
specific terms will now be discussed.

Griffichs et al., (1967) have argued that three possibilitie

exist to account for the difficulties with the word "same". (1) The

Timeg e cwStases

the equality or equivalence of two objects; also, there is the
possibility that children interpret it on a physical plane - i.e., to

look alike, rather than to refer to a specific attribute.

(2) Children may differ in their criterion for allowing ‘''sameness’,

- f.e., category width may vary, and (3) chilﬂrén may attend, to
differences rather than gimilarities. Along these.samg lihés Beil;n
épeculates tha£ séme childrén‘start wiéh a'"éet".to search for
discriminating details (Beilin, i965). For theég children, the

S
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made the "more" —Q"less"'distinttion less well but made a much’greater

judgment of "same" is a negative one - applied only to stimuli which

are not different in any discriminable way. A child may find it

easier to judge in this way than to identify a conceptual basis for

similarity. Mehler and Beygg (1967) have also pointed out the

s ’
[

difficulty that young childrbn seem to-héve in verbalizing the concept
. V4 .

£

of equality. Given that thé&kﬁi%c'reqpirement on a conservation task
is to maintain that some quangity remains the same despite appérent \
change, a child's inability to understand the word “same' would seem
. ®
to make verbal conservation assessment impossible. (Siegel &
Goldstein, 1969)."

Harasym, et al. (1971);using a semantic differential analysis
with children, grades one to gpree, were able tq relate the degree of
differéntiation of the terms "more", "less", "same" and "different"
to the child's status as a nonconserver, transitional, or logical
conserver. The semantic diffe;ential'is a technique for measuring
the meaning of individual words via subject rating sc?les. In this
study the experiméntegs'employed scales such as "lg;g-shért", "low-

high", where the child could choose one of five positions between those

poles. There were six conservation tasks, such as conservation of

. 5
weight and number. The child's combined scores over tasks conferred
: . . .- v A

1

his EonserVation;status. The investigators found that children %ho
h

conserved treated "same" and "different" very much alike while clearly

distinguishing "less" and "more". Noncomservers, on the other hand,

distinction between 'same" and "different". ﬁransifiohal.conserverg

. . I
were somewhere in between,apdd;ding to thelr results. ‘The profile
. . - . :

3
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for "less'" remained constant wirh ''more" emerging from it.
Palermo (1973) also attempted to relate children's (kindergarten
- grade two) performance with the terms ''more" and "less' on quantity
I3

tasks to their understanding of these terms as revealed on the semantic

differential. The experimenter required the children to make compara-

‘tive judgments on two quantity tasks, number and liquid quantity, under

various conditions. Almost all of the children responded correctl;'to
the term "more" on the quantity tasks; however, many children did not
respond correctly to the term "less'. The profiles of this latter
grouﬁ of children on the semantic differential showed a confusion of
"more" with "less" which is in keeping Qith Harasym et al., (1971).

However, in Palermo's study '"'more"'s profile tended to remain constant

with "less" emerging from it. The direttion was opposite to that

. found by Harasym et al. Like Griffiths et al., {(1967), Palermo found

that the chi%dren's performance on the quantity tasks with the term

' was better than with the term 'less".

"'same'
Problematic for the interpretatién of discrepancies in studies
such as Palermo's and Harasym et all!s are possibly importgnt age and
task differences. For example, children in the Harasym et al.'s study
were older on the average, were given quantity tasks, anq were assigned
conservation status on the basis of their response to questions about
"more' and "'same'". In Palermo's study the children were also asked
about “less" on the quantity tasks, and the number of correctﬂresponses
made to the ferm "less" was.the basis for grouping for coﬁbarison on

the semantic differential. ’

While the above findings do point to some important relation—
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ships between verbal performénte and conservation performance, the
relationship is by no means straightforward. Given that knowledge
of abilities with relevant verbal terms on a nonconservation task
does not allow one to completely predict performance on a conservation
task, and that the emergence of a clear understanding of the terms
seemsto coincide with the emergence of conservation abilities, one

may propose one of the following:

‘

(1 QOnservation is solely depéndent on the acquisition of nonverbal
logical operators. In line with Piaget's position, verbal terms

such as "longer' and "more" simply reflect present cognitive status.
(2) Conservation is dependent on the activation of vgrbal processes,
i,e., a verbal mediation hypothesis (Beilin, 1965; Kendler and Kendler,
1969).

(3) The connectioA between conservation and verbal ability is limited
to what Holland and Palermo describe as "an alternative to the
-dependen;y h&pothesis - ‘that is, the loose interrelationship of'

P

""more-less' comprehension as part’'of the same

conéervation, and
cognitive structufe" (Holland and Palermo, 1975)."
The above thre; proposals will now be considgred in turn.
Piaget, of course, argues for the prima;y of the acquisition
of the nonverbgl logical operators. However, it is difficult for him
to expiain why children may understand "same" ;; relation to length .
‘before "same" in relation to number, and '"more" before "less" and
“"same". .In fact, his tﬁeory would seem to requiré;that thg terms 7

"more", 'less", and "same' be understood at the same time, given

that a proper undepstanding of any one of them réquires the same

L
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of terms, i.e., "more" from "less"; "less" from "more'.

-needs documentation. At the present it would seem as appropriate to

62

reorganized structure of logical operators. The Piagetians might,

of course, take refuge in the argument they have used to explain that
conservation is not acquired in all areas at once, i.e., some physical
dimensions are more difficult to deal with than others. However, that

is a problematic argument given the notion of structural unity and the
absence of independent evidence for dimensional difficulty. A more
acceptable argument might have to do with the frequency of exposure

to different dimensions. An additional problem, however, is that Piaget's
theory makes no predictions concerning the direction of differentiation
The verbal mediation hypothesis maiﬁtains that being able to

verbally label a dimension will facilitate the. performance of certain

_cognitive tasks (Kendler and Kendler, 1969). However, the verbal

1
mediation hypothesis must be able to account for the fact that while
certain terms seem to be available to a child, he only succeeds in
some tasks requiring the use of those terms, and fails in others r%quiring

1

the use of the same term.. One may argue, of course, that activatiop of

the verbal process is necessary, and that the requirements in some ﬁasks

are not such as to activate the verbal processes. Such an argument
' \

'argue that word meaning grows slowly and that some of the semantic
components of the meaning of the words might be missing, even though

others are present. Also, the verbal mediation hypothesis would seem
to require some principle which would account for the order of emergencg
of terms: "more'" before "same"; and "same" on one dimension, not on

another. For example, one mighp propose a perceptual hierarchy , i:el, \

”
)
3
)
4
*
4

»
s Y 7

.’ -

o Ps

i




63

cﬁildren will aétively use verb.l mediators for dimensions which are
peféeptually salient to them; or, a Piagetian type cognitive hierarchy,
i.é., children will be able to actively use verbal mediators to the
extent that they have appropriate foperators" available to them.

One seems left with the "loose'" integrated structure hypothesis,
which, as Holland and Palermo state, simply indicates the lack of
precise knowledge about cognitive and language development (Holland
& Palermo, 1975). The relatiogship between cognitive and linguistic

‘status is "loose" in this sense: evidence indicates that while a
child's‘success on a number test such as conservation correlates
positively with his understénding of basic terms such as '""more" and

//"1ess" (garasym et al., 1971; Sinclair de Zwart, 1969), some children
conserve who do not understand the terms, and some children do not
conserve who do understahd the terms.

Attempts to demonstrate dependence/or independence of language and

thought
The third group of studies to be discussed in this section
dre those in which experimenters have attempted to provide more
precise knowledge about the relationship, dependent or independent,
between language and thought. Imn th;se studies efforts have been made
to distinguish between a position like Brune;'s which assigns languaée
an Important role in developing ‘thougti't process, and Piaget's which _
_does not. i
Frank (1966), in.an experiment d;signed to éonfirm Bruner's

ﬁosit?on on the important role of language in cognitive ‘tasks like
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conservatidn, devised a'screened conservation task. After first viéwing
two beakers with equal amounts of water .and judging them to b; the
same, children aged 4-5 were then shown a wider beakerlof the same
height. Instead of pouring from one of the standard beakers to the
wider beaker in front of the child, the usual procedure in COnservqgion
tasks, the expérimenter poured behind the screen. She then asked the
child;en if both beakers had the same amount of wéter or one had more.
performance of éhildren who had the screened task was éonéidetably
better than the performance of the children who did pot.' When 'the
experimenter removed the screen the fbﬁr year old children changed
their judgments, whereas the five year olds did not.

Frank argues that screening the display allowed the child to
rep;esent the situation verbally before being subsected to a confusing
perceptual effect, i.e., change in ‘the height of the water. The study
does provide sﬁme.evidence that verbal mediation may be 1mpbrtant in
cognitive éerformance at some stage; however, a nuﬁber of issues are
léft unresolve&; (1) One can only infer that language was involved
~ what language 1is Aot clear (ﬁale, 1972). (2)'Piéget argues‘that the
stu&y merely demonstrates the%concept of identity, not true conservation,
i.e.;, the child, when he asserts that the water is the same, is
merely maintaining that the object has remained the s;me. Conservation
requires.éhat the child maintain sameness in Fhe face of perceptual.
changes (Piaget, 1967). (3) There is no explanation as to why
lahguége ig completely act;vated in the 5 year qlds but not in the

four year olds.

I1£, as Bruner asserts, language assumes a crucial role in
. . ( 1 . ‘l
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developing cognitive skills, then teachiﬁg a child appropriate language
‘might make him more successfui on conservation tasks. A number of
attempts at language training have been made, but the bénefigb have
been minimal. One of these attempfs was made by Sinclair de Zwart
(1969). Sinclair de Zwart had observed that children who conserved
tendé& in their free speech to describe objects sy using more relational
and difﬁerenciated terms, and by making ;eference to several dimensions
rather than one. De Zwart gave nonconservers training in the kind of~
language used by conservers. However, although the nonconservers now
had access to the apéroériafe ianguagé they still failed to conserve.
Piaget and De Zwart view this study as supﬁortive of Piaget's position
Onlthe relationship, between language and thoughf, and on the nature of
specific learniﬁg. ‘True learning requires‘an alteration in the
underlying structures; calling the child's attention verbally to the
two dimensions, in the absence of real changes in the undérlyiné_
" structure, does not enable him to use fhe information from the two
dimensions. ‘

Anglin (1973),and Townsend (1973) have pointed‘out two potential
problems with de Zwart's interpretation of her findinés:

Anglin (1973) has argued tha£ it is possible that. inappropriate
1anguage'term§ were tr;inedl The tera "same" was not frained and
since the notions of identity and équivalence are basig for the develop-
ment of ghe-consérvation, training on the term "same" might have
;;ro_dgced f!.mprovemént in congervation. In keeping .wi't:h this suggestion

it mighi be noted that one of the few spccessful conservation training

studieéiwas'Gelman'g,_in ﬁhigh she asked the children to respond to



66

directions using the words same/and different (Gelﬁan, 1969)

Townsend has argued that it is possible that the nonconservers
.in Sinclair de Zwart's study do have a proper grasp of the relationships
involved but do not show that "graspt because of the form of the
comparative questions on conservation tasks (Townsend, 1973). He
bases his argument on findings that children could make a two dimensional
éomparison when there was a subject noun in the second clause of the
sentence, but not a pronoun referent. That is, he found that "Who
has more oranggé than‘Johnny.has apples', gave better performance than
‘”Who has more oranges than he has apples'. In answering the questions,
a child's response strategy varied depeAAing on his age, whethetr he
knew the meaning of thé adjecfives, or how to interpret Qh@):ronounl.

referent. For examﬁle, young children who did not know the meaning

of the adjective "less", chose the stimulus a;ray‘witH the most
elements; older children guessed. If the child understood the adjective
but could not use pronoun referents, he chose according to the first
‘clausevveferent.l é&aluéting'the effect of language training then
and inferring something of the nagure of the relationshié between
léng&agé and the cognitive processes require that more be considered
than a simple understanding of terms.
Investigators-such ;s_Holland and Palermo (1975), Beilin (1966),

have also attempted training studies: Beilin taught.the child a verbal

rule; Holland and Palermo taught the single term 'less". Beilin

- found that the verbal rule method was more successful fh changing

1 Note that Siegel & Goldstein found that young children used a recency
strategy, choosing the last alternative (1969).
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conserv;tion performance than nonverbal réinforcement, equilibriatory
or verbal ériéntation. He argues that the distinguishing characteristic
of the vesbal.rule method is its glgorithmic quality. Howe?er, the
training was no; completely successful and there was no transfer.
Holland .and Palermo found that training on '"'less'" did not improve
conser;étion performance. At this time then the evidence from the
training studiés is not conclusive concerning the benefits of language
traiqing in improving conservation performance.

Siegel has Laken a somewhat different approach toward determining
.the relationship between the cognitive and linguistic systems (Siegel,
1977b). She has employed a nonverbal concept attaiﬁment paradigm in:
which.the child is rewarded for the selection of a spi;ulus meeting
a criterion such as."more"‘or "less":dots and then tested indepéndently
for comprehension: Whiéh is the little one?" In variat%gé on thi;
'paradigm Siegel has compared children on: (1) how easily fhey acquire
ka quantity concept when they are given a vgrbal cue ;nd'wheg‘they are
not; (2) £he language they use to explain why they pick a-particular
~stimulus, after the c;ncept attainment task. Results of the studies
indicated that the concepts of big and small number could be learned
prior to the child's being'able to respond appropriately.to the verbal
terms "big" and "small'; that cuing dig.not assist the three year olds,
but did assist the four year oldsi an& Fhat there was little relation-'
ship between producfion of %angggge and succe;s on the concept attain- .

1

meht task.

»

The above results led Siegél to conclude that language and

cognition are at first independent systems, with the cognitive 9
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components necessary for a particular term preceding language in
development. Unlike Piaget, éiegel believes that the early quantity
concepts which cag be.acquired ig a specific learning situation are
proper quantity concepts. With age the cBgnitive and linguistié
systems become increagingly integrated; with integratioq the verbal
term may become useful.

An implication of this with reference to word meaning is that
for the young chilé the meaning of terms does not necessarily iﬁclude
those components or characteristics cpnsiéered part of the adult
definition. By studying the ways in which the child responds to
these terms one might infer which components of the adult term the
‘child possesses. With in;reasing age, the referents for the child's
term should come to incorporate more of the components of the adult.
term. llowever, the young child's failure to respond to the terms 15
ways in which adults or older children might,'cénnqt be used as evidehce
for his igability to perforﬁ operations. which have been incorporated
in the'adult's language. ‘

The evidencg from thé above studies suggest the possibility
of a'developmental trend in which the linguistié and coghitive systems
come into closer and closer correspondence (Frank, 1966; Siegel, 1977b).
However, the evidence ié not,substantiél enbugﬁ to allow a confident
choice of either Bruner's or Piaget's positioé_on the ﬁaturé of ££e~
dependency ex;sting betwegn }anguage and thoﬁght (Agglin, 1976; Beilin, *
1966; Frank, 1966; Sinclair &e Z&art, 1969; Townsend, 1973). The intetpre-

tation of gains which have been made through language training has

actually been in terms of changing the chila's attention (Beilin,
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1966; Dale, 1972). That interéretation is not more preéise than
_ Palermo's "loose dependency' hypothesis.

These first tﬁr;e‘gréups of studies make it possible to
speculate on: (1) limits on the inferences one can draw concerning
cognitive abilities when assessed through verbal ‘tasks; (2) the

conditions which may facilitate performafice on quantity tasks at

different ages. For example, in the young child, changes in dimensions

such -as set size, configuration and heterogeneity may facflitate
performance on a cognitive task; in the older child, verbal cues;
training then would need to be geared ‘to the age of tﬁe child; (3) the
information such studies ﬁay provide about changes in word meaning.

If the child does not respond to key words in the same way
ag_an adult does in the same context, this may téll sémething about
what the worq means to him. If a child responds in a systematic way,
correctly, or incorrectly, it is possible to make some inferences
about the meaning of tﬂe words to the child: Forzexaﬁp;e: 1If a,
child on a large set aiways picks the longer row of dots when asked
about "more', and on a small set the more numerous row, one might
infer that for this child the word "more' includes aspects of spatial
extension and numerosity. The meaning assigned depends on the set‘
sizes. Verbal studies of q;antity concepts, thefefore, may allow one
to discover the patdre of the changes in the meaning of comparative
ternis. If one can look.at these changes over .different age;, one
might also be able to study tﬁe Qeveldpmenf of word;meaning.

In order to get a comprehensive picture of word meaning,

however, words must be studied in relation to bther words. Of

<
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particular interest are the child's errors. A‘chilé's failure to
extend a word to the full range of permissible situations or contexts
is one type of error, underextension; his use of a word in a non-
permissible context is another, overextension. When a child does
not respond appropriately to the request to pick the row with "more",
and says "this row has more because it's longer", he is not only
underegténding the term "more', but overextending the word "longer'.
He reflects a reasonable hypothesis, i.e., that longer rows often
have more, but he is indicating that the boundaries on his words are
not the same as an adult's. /E

It might be recalled that there is evidence that some quantity
terms precede other quantity terms in being used appropriately

©

(Griffiths et al., 1967); that overextension and underextension<can

takeplace with terms referring to the same dimension, for example,
mo ess” (Palermo,_1973). Is it possiblé thgre'are verbal
hiera;éhies- xpressed in children's verbal er¥ors, and do these
verbal hieyarchies reflect linguistic hierarchies, hierarchies of
pexceptual saliency, éhanging cognitive structure, or all three? A
foursh group of "
pertinefit to these questions. 1In fheéé studies investigators have
observed young child%en's use of compérativé terms within the frame-
wo%k of a formal lingﬁistic analysis. They have attempted to discover
regularities in the linguistic system itself, and then to develop a
theory to explain how comparative terms develop and how they may

relate to the young child's perceptual and cognitive systems. This .

‘fourth approach to understanding young children's quantitative terms

‘

. - . 4

quantity relevant¥ language studies can be identified,

Y Atdenie o
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will now be examined.

The formal linguistic approach to children's comprehension of

comparative terms

x

In studies of quantity concepts children are asked to make

judgments in response to questions or commands using the words “same",

(sometimes "different") and either the positive forms of the comparatives,

N i
i.e., "longer", "more", "wider", or,less freéquently, the negative forms
"less", "shorter", “narrower", etET“\?roceeding from a linguistic
analysis of the comparatives, a number of investigators have noted

) >

»
the peculiar properties of the positive and negative forms (H. Clark,

1970; E. Clark, 1973; Donaldson & Wales, 1970). The positive form of

.the compdrative can be designated by fewer semantic features than the

negative form. Only the positive term appears in the nominal form,
i.e., where it designates the dimension being ;eferred to, for e;ample,
"the board is six feet long", a form which feqﬁires a less complicated
syntactic structure than the contrastive forms "shorter" and "longer"t
In addition, the contrastive use of the negative form, for eiample,
"shorter", requires a more complex syn%ax«&hfn the contrastive use ;
of the positive form (. ‘Clvark, 1970) .

Of intefest to psycholinguists and cognitive psychologiéts
are tﬁe results of a number .of stud}es wﬂich iﬁdicate that the
ppsitive form of thé adjective“isvunderstood and produced earlier
Ehgn the negative form (DSAaldson & Balfour, 1968; Palermo, 1973;
Klatzky, R.L., Clark, E.V., and Macken, M., 1973). More specifical%y,

there is some evidence that the negative form of the adjective is

understood ‘as if it were the positive fbrm, f6r_example,‘"1ess" is

P
.
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responded to as if it referred to "more'" by children about 4%. . é
(Donaldson and Balfour, 1968; Falermo, 1973; Klatzky et al., 1973;
Weiner, 1974). The matter is made more complex, however: by some |
evidence that 'less'" is not always responded to as if it were "more".
ﬁeiner (1974) found that children at three picked the smaller array
in response to "less'; Townsend (1973) that they picked randomly in
a three choice situation. . v

The discussion of the above phenomena will centre on the
terms "more' and '"less'", as the literature available on other compar-
ative terms is not so extensive. However, there is some eviaence
that subjects perform ihﬁf well using the term ";ﬁgrter" than "longer"

(Donaldson and Wales, 1970; Townsend, 1973) although there is no

evidence that the negative form in this case 1s responded to as

"if it were the positive form, i.e., that "shorter" is responded to

~Ans

as if it meant '"longer".

.
- L

It is not clear why the.positive form should emerge earlier

it

than the negative form- even though linguistically '"simpler" (Clark,
H., 1970), nor is it clear why the negative form should go through
a period of being responded to as the positive form (Donaldson &
Balfour, 1968; Donaldgon & Wales, 1970). Explanations range from

\Fhe influence of frequency characteristics.of adult language, i.e.,

"less" occurs less often in adult speech, to response bias, i.e., for

’
~

some reason the object having the most extent may be more salient or
viewed as the good one (H. Clark, 1970; Huttenlocher,»l974; Palermo,
1973; Wgzner, 1974), to 1imitationé_on cognitive and perceptual

. .
processes, i.e., the development of the child's understanding and
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»

cbrrect<psage of the terms reflects processes which allow information

to be extracted only in a certain order (E.. Clark, 1973b).
The(purely linguistic accounts (H. Clark, 1970; McNeill, 1?70)
\'_ 7~
of the order of- ﬂéﬁglopment ofqthe polar terms™and of the failure in

differentiation are, of course, not adequate psychological explanations,

for it is necessary tq establish by what processes the words come

"to have their meaning. While it may be true linguistically that the

meaning of a negafive term can be derived from the meaning of a positive
» . ) :
term, it is necessary to establish that it is psychologically "true".
That is, that the child acquiring the terms recessarily derives the
~ L)

negative term from the positive term. Also, while it is possible

"to speculate on the original and changing meanings of words, it is

( . ' °
necessary to establish by what processes these meanings are acquired

and why 'they change (Weiner, 19V4).

The frequency'effect wh ch'grgues for'the influencé of the.
characteristics of adult language, has not been given a greaﬁ deal of
support. Althoﬁgh it is possible that thé child hears positive forms
more ftequently tﬁgn qegétive forms, acgounting perhaps for thé more

frequent usage of such terms as "more" in child language (Bellugi

“

"-and Brown, 1964), the frequency effect would hot seem to account for

the assimilation of "less" tp 'more". A bias in the_languagg tawar&s

»

éhé ﬁore frequent use of the positive numerical térm, does not account

for a bias in the strdtegy which gives the term its referent or meaning,

for example '‘more" = "longer" or "1ess = "gore" Dbnaldson and
Balfour point to the chiidrep s unhesitating choice of the more

numerous set in response to "less", i.e., the children do not adt

.
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as if they do not know the word. but as if they do (1968). As well,
Klatzky et al., in a study requiring that children substitute nonsense
syllables for positive angd negative poles in a concept learning task,
found that the asymmetry was‘observed under these conditions, arguing
against a direct frequency effect (1973).

The response bias argument has been put forth mainly by
Huttenlocher (1974). She argues that for some reason, the young child
viewe the more extended choice as the more desirable, although he is
quite able to discriminate and understand the difference between, for
example, large and small. Holland and Palermo believe that some
support for a response bias argument comes from a study in which
they taught young chiloren the meaning of "less" (Holland and Palermo,
1975).‘ They.point out that the children learned the term much too

rapidly for the "less-more” confusion to be anything more than a

- superficial difficulty. Klatzky et al., have argued, however; that

if all. that is involved is a bias to the "big one;,vthen on their
nonsense-syllable task they might have expected that the "pooportion
‘of correct responses" would be greater on the positive nonsense .
syllables. They were not. Klatzky and Clark also point out thao
reoponse bias offers a_descriptioneno; an explanation,

Klatiky et al., base their explanation of the order of'emergence
of the terms on the notion of inherene_limitations on cognitive and .
perceptual processes, which only allow information:to be extracted in ’
A certain order. There is evidence, for exéﬁpie, that tne natural
implicit standard in a comparative judgment is the "small one". The

requirement therefore, to judge the "small one" compells that another
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standard be established, and a reversal in judgment - a more complex
cognitive task (Donaldson and Wales, 1970; Farnham-Diggory, 1972;

\
Klatzky et al., 1973). ‘

Although neither the frequency effect nor the response bias
accounts are adequate to explain the order of emergence or confusio;
of comp?rative terms, a strictly independent cognitive aréument has
its problems also. Donaldson and Wales maintain that it is pointless
to demonstrate comparable performances on linguistic and nonlinguistic
tasks and then argue from that, that the underlying cognitive structure
is ;esponsible for béth. Their point is that it would be necessary to
demonstrate that the linguistic and cognitive systems are unrelated,
and that 'the apparent convergence of the language pgrformance and other
cognitive performance misleadingly‘reflects'two quite unrelated systgmé
of competence." The question is whether there is‘anything to be
gained in trying to integrate information about features of the world,
which acts as referents for a child's language, information about the

child's changing cognitive structure, and informgtion about the formal

properties of the linguistic system, ...''what usefulness there may be

in trying to map certain cognitive relations in ways that are consistent

with linguistic relations." (Donaldson and Wales, 1970).

The major attgmét'to perform such a task of integration in

this area has been made by Eve Clark (1973b). Clark has devéloped

a component theory of verbal concept acquisition; she argues that
children's. language develops through the acquisition of semantic units

or components rather than whole words. These components 'Wwhich are

. used in interpreting any sort of imput to the human organism, whether

. .'- ’ ,J'/\ - -
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linguistic or not, are the semantic primitives, i.e., categories

or principles according to which real, fictitious, perceived, and
imagined situations are structured or classified." According to

Clark the more general component is acquired first. For éxample,

the superordinate concept of "big" is acquired first, with additional
components resulting in the refinementvof the superordinate, such |
as a component specifying the oﬁposite of "big". Then comes a
component specifying a dimension, such as length as compared to

width. After the acquis?tion of the component specifying the dimension,
positive extension is specified according to a basic cognitive encoding
mechanism which uses the sﬁaller object as the sgaﬂdard (;ee Klatzky

et al., above). Only then is the-pegative component acéuired which
allows for the emergence of the negative term. 1Clark_ argﬁés that

the Phﬁqzzfpa of overegtension.in;children{s speech, i.e., children

. using te in wider contexts than honsideigd'acceptable by adults, is

best-expléined by such a éengral to specific component theory (E. Clark,

+1973(a), 1973(b); Klatéky et al., 1974). Siegel (1977a) has pointed out

-~

that an assgmption of Clark's tﬁeqry {and Donaldgon'& Wales, 1970;
Holland and ?aiermo, 1975) is that word meanipgTreflects qon—iiﬁguistic
strategies and that the growth 'of word meaning shﬁws the g}a&ual
aqquigition of such strategies. . '

Cléark's "theory has been criticized in a‘numbe¥ of wa;s. Anglin

(1977) has argued.that Clark's theory does not ‘deal with thg phenomena

’ _dﬁ underextension, i.e., it‘does not* account for those findings in

-

Support for Clark's position concerning"big comes from studies by
Donaldson & Balfour (1968) and Siegel (1977a)

\\
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\x\ early childhood language which indicate that some terms are not

NP
APCIE R

applied in all the appropriate contexts.' Huttenlocher (1974) has

argued that overextension does not necessarily reflect any 'primitive ?
semantic categ;ries"; the child may well perceive and understand X
’agbroériate referents and applications but be biased to respond in ,, ié

~

terms of "the big one". As noted earlier, Klatzky et al., have

replied that response bias is simply a description of empirical

-,

findings not an explanation of them (1973).
An important question raised by the above is, whether, in fact,
it is true that the child acquires concepts and words piece by piece

and processes the world feature by feature (Rosch, 1976). The perceptual

world is not so.tidily constructed, and the cognitive prbcess available
for analyzing the world could work according to prototype’ rather than.

feature or undergo important changes depending on the nature of the

. task demands (Brooks, 1976). Ndﬁethelesé?ﬂelgfk's theory stands- as

.y
ke £ 300
.

perhaps the most comprehensive effort to account for ﬁﬁz”arder of X
emergence of dimensional, positive and negative terms, while pre- :
supposiﬁg some kind of integrated, cognitive-<linguistic structure. *
As will be seen in the follo&ing section, Clark's component theory"

serves as the model for Baron's semantic component theory which

(amongst other things) attempts'to explain_children's acquisition of :

v .

quantity concepts aﬁd comparative terms, and their cognitive develap-
ment, according to the gradual accumulation of habitual bians and
strategies, i.e., the semantic components.
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Section Four - Concepts and Cognitive Development

By studying how children at different aées understand the
number concept and quantity terms, and tﬁe‘factore which relate to
their success or failure, one can hope to’'gain some insight into
more general processes of conceptual or cognitive development.
Different approaches to, or theories of, coneept'acquisition make
different. assumptions concerning the important processes in cognitive’
development. Findings from the studies presenteo in thie thesis
should pe;mit speculation on the validity of a few of these assumptions.
~ The following is a brief review of some of.the general approactes to (
concept aequiéition.

To briefly restate Piaget's position: Piaget argues that
activity is at the foundation of all cognitive development. The child
internalizes actions and these bECome logical operatlons The
A acquisition of any concept.requires the additiye operation; the
.ecquisition of the quantity concepts requires the coordination of a
related group of logical operations, a stroeture. By asking a child
to make, and justify, comparative judgments of quantity under a
variety of task canditions, Piaget believes he can determine the
status of a child's concept and his general stage of cognitive
oevelopment..s' ) . : > )

Piaget says a child has acﬁuired a duantity'concep2~§hen:-
. (1) an- invariance rule has appea:ed i.e.y @ rule which inEECates .
that only that variability which is critetial to the concept shoulqdj/'

"be assessed, all other variabi~ ‘y ignored, (2) the child is able to -

pxoduee Verbal statements j stifying the reasors for his. judgment,

. -

.
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- !
(3) the concept shows evidence of generality, i.e., is not bound in

applicatidn to d specific 'situation. He states tnat when these
criteria_for the number concept are met, a basic structure of logical
thought is‘present. The quality of thinking is now different from

.that prior-fo the formation of the structure when thought was prelogical
or preopera;ional.

Sinde, in Piaget's view language reflects uhought butVdoee
not influence it, he views word meaning as restricted by the level of
cognitive proaesses: Meanings change 'with changes in cognitive
structure. Both ‘the child’s comprehension and production_of speech
in relation.to a boncept:taak will telllsomething about nis cognitive

level, and in studying the same child at;different ages, or different

children at different ages, one may be able to make inferences abouz\\\ﬁk\x

\

the nature and direction of cognitive deyelopment. Since Piaget }\g :.:
'pro;oses that the preoperarional'period is the period of the’acduiéition \:\\ ;
of logical struccures "and of language, developmental studies of\\ %\
quantity concepts in this period should be particularly productive

for revealing something about the general processes of cognigi:;\and

X

iinguistic growth.
. Q . . . hé
Studies of the type suggested in the .preceding paragraph.

could be helpfui'in ciarifying some aebects of Piage:{g'theory.

Everyoné does not'agree with his inferences cgdderning gnitive

“f&emonstrate cetxain logicdl oper&tions earlier in development

;7 Piaget’has allowed for (Gelman, 1972 Siegel, 1977) "The order<o£ \‘.i cee

P e C o« *; - - ¢y .
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-acquisition of operations has been disputed, as well as Piaget's

basic conception of the nature of number (Brainerd, 1973; MacNamarra,
1975). Many aspects of the theory, therefore, need clatification.
As well, not all aspects of Piaget's theorv have been extensively
studied, for example, the role of .dimensional saliency (Ginsburg and
Opper, 1969), a matter of some interest in this thesis. .

‘As stated in the opening preamble to the thesis, one of
Piaget's major contributions to psychology has been to encourage
some thinking about the adequacy of the stimulus—response association
paradigm, which has been the}basis of the traditional North American

approach to concept acquisition. According to the stimulus- —response

psychologists view, a concept is acquired through the formation of

assoclative bonds between particular stimuli and particular responses.
In the S-R paradigm studying concepts has frequentlv involved

tracing the acquisition of discriminatory respense to a set of

of these are designated as concepts, for example, yellow blue,

. triangles, circle; concept = red triangles. ’ Such a concept is

designated by Neisser (l966) as "well defined": Concept acquisition,

or identification, involVes the abstraction of the criterial attributes.

Pd

One says that an individual has acquired a concept when his responses

; meet the criterion for successful acquisition, for example, 50 many

successful trials, For physical concepts, at least the basic ,

processes involved in successful abstraction are aesumed to be

generalization and discrimination (Huil, 1920) However, the notipn
i [ f
-of covent, mediating reSponses wasg found to be necessaxy'to account

. -
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for the.derivation of concepts'where similarities and relations were
not based on physical dimensions (Pollio, 19743 Rosch, 1976) .

According te‘the‘mediating response hypothesis, a single
instance of a-concept supposedly arouses a number of associations and
responses; for example, carrot = orange, vegetabie,adislike, long;
epinach green, mushy, vegetable, like. The common response in these
‘two examples 1?5yegetab1e. An individual subject eventually classifies
.instances as belonging to the same concept via the same mediating
. 'response, which in this case would be "vegetable" - a common association.
An important part of concept acquisition; theni is identifying the
.Imediator, which‘is normall§rassumed°to be a verbal lapei.' The mediator
is believed to reduce the numbey‘of individual aeseciations which must
be learned and thereby facilitates,peqforménce (Osgoode, 1953; Pollio,
1974) . B -

Within-the S-R learning tradition there is no reason fo suppose
that the basic underlying pfocesses,qf concept acqeisition should
differ aéross ages, altheugh retes of learning might change as more
.essoe1ations ere built up and more mediators are availablez However,
"the mediating response notion has been responsible for the development’
of a paradigm which has- served ag a vehicle to explore possible
&iscontihuities in cognitive deﬁelopmenti the reversal shift paradigm
.(Kendler and Kendler, 1969) . .

a4

_-To illustrate the paradigm' A stimulus ‘set is constructed out

of e combinatiop of sguares:- large7small black/white' a child is trained

.to piék,the large:one.: On a.second discriminetien the,child ;s either’
. réquired .to’ learh to pick_éhe'Emellipné,“i;é.; séme,dfmenéion (a’

-
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reversal shift), or the bleck one, i.e., different dimension (a
nonreversal shift). In rats and young children (below five) Kendler
and Kendler found that the nonreversal shift was relatively easier
than the reversal shift; in older children the opposite was true.
. They give the following explanation to account for the way

different age children perform on the second shift: Animals and young

children do not employ mediators; they ‘leatn by the accumulation of

single stimulus-response associative bonds. Older children and

adults learn via mediating responses. On a nonreversal ehift, some

¥

of the noncriterial attributes associated with the first discriminatory

response will remain the samé. In this example where colour was

irrelevant on the first discrimination, a positive'response to the

large biack.stimulus and a negative response to the small white

stimulus will still be correct on the second discrimination. Therefore,

the subject has only to establish two new associative bonds. On

the reversal shift the,subject nas to establish four new associative
. ' L3

bonds. ~For'rat§-and young children,who learn through the accumulation

P

of single associative bonds, a nonrevgrsal shift is easier than a

¢

reversal shiftyas only two new bonds'are requirea. Older subjects
(aﬁout six and up%whoactiéely employ verbal mediators, find it easier

to simply reverse on the size dimension ; a nonreversal shift 1s uiore'
. 4 y

difficult for them as it requires a new mediator, “eolour".

.

Examining the performance of. children at different ages on’
concept acquisition tasks of the S—R disdrimination type could

theoretically pxovide informationaabout' any _changes in development

¥

in the ease with<which various attribqtee or dimensions can be abstracted'
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changes in the availability of verbal mediators; and possibly, therefore

some information about the development of word meaning. However, while

the paradigm may work well for unrelated dimensions such ag. size and

v

colour, it may not show the same type of mediation effects for dimensions

such as number and length, where density always varies in relation to

. L)
these two dimensions. ) ¥

‘An outcome of formulating concept acquisition in S§-R terms,

employing well-defined concepts,was the production.of a ratner rigid

paradigm. This paradigm seemed adequate to account for the léatning

of certain kinds of information but not adequate to account for.ceértain

important characteristics of human beings and of the world. Human

beings frequently seem to be actively engaged in solving problems or
identifying concepts; many categories in the world cannot be specified

according to combinations of discrete attributes. Approaches which

deal with these important aspects of the organism and of the world

are now considered in turn.

¢

With 'the arrival of the tomputer (Pollio, 1974) psychologists

interested in concept acquisiton and utilization bégan to discuss
cognitive.operations in informetion processing terms such as strategies,
blans, secision trees, coeing and decoding, capacity (Bruner, 1956;
G.'Miller, Qalanteriand Pribram, 1960). "They viewed hpman‘beings :

as active processors of information, possessing some means of'encoding,

.

for example, language; an ability to employ decision rules, built in

limitations on capacity Under the influence of the stimulus response

»

association approach,psychologists had(fvfded to view ‘human beings

as passive receivers.‘ One of the earliest and most influentiaI
T
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psychologists to show the changc in view concerning th? human being

-

was Jerome Bruner (1956).

Bruner views the processes of concept acquisition, identification,

and utilization, as active processes in which subjects use information

to make a series of decisions. Even though the experimenter structures

the situation, subjects define the nature of the tasks for themselves.
They bring with them their own notions about what may be important
attributes for defining a concept, how to achieve success, the acceptable

criteria for attainment of the concept, and the consequences of their

choices. Bruner sees the unit of behavior employed in the S~R approach,

the single response, as too small to reveal the important features of

decigion making. These have to be revealed in the sequences of

responses made by subjects, i.e., in their strategies. ''Regularities

in decision making we shall call strategies." Strategies need not

be conscious to be called strategies; subjects might frequently be

_abie’to distinguish exemplars of concepts without being able to name

~

~
criterial attributes,

. During the 60's the mechods, terms, anc theo;ies of the
information_processore became more sophisticated than Bruner’s, but.
the basic idee_of.an active, hypothesieftesciné organism was reteined.
The. course of cognitive growth was discussed in'terms‘of an increase
in capacity (Pascul—Leone, 1969), the development of more efficient
and. comprehensive strategies or plans (G. Miller et al., 1960) and‘the
acquisition of different means of encoding. With reference to,the

‘last Bruner, not unlike Piaget,‘eees children acquiring different

modes of representation"a motOric mode, an 1konic mode, and finally
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‘be relevant.

and prob'abnisticauy.

Ztraditionally employed in the laboratory, most studies of concepts

< ' 85

a linguistic mode, each one more flexible than the other. Unlike

Piaget, QqWever, Bruner views language as the transformer of thought

(Bruner, 1964).

From the information processing perspective,children's

performances at different ages on tasks that involve the utilization

or acquisition of concepts might well show changes in: '"attribute

predilection" (preference); in patterns of responding (strategies) ;

in the role of language as a code; and in the ability to deal with

increasingly complex rule¢. In general, the information processing

vtew does not presuppose necessary discontinuities in the course of

. development, although in Bruner's tﬁeory at least, the change in

mode of encoding should bring aboéut some qualitagive change in

cognitive procesees._ Prior to the full appearance of the linguistic

period, word meaning would be expected to reflect predominantly a

sensitivity to perceptuél attributes.

The inadequacy of. the traditional "well~defined" concept
employed .in the S-R paradigm in replicating real world categories has

been noted by Bruner and others (Brumer, 1956 Rosch, 1976). Bruner

was amongst thdise who pointed. out that in the real world categories

»~

frequently were not Aristotelian in character but. probabiiistic-

i -

relational-Gallilean. In any single exemplar of a natural category,

for example, dogs, theré are any number of attributes which could ¢

These attributes do.not vary discretely, but continuously,

B L

However, in spite of this kind of acknowledgment.
- o -

"of differences between the real world concepts or categories and those
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tend to be with a;tificially constructed concepts. The experimenters
construct concepts from dimensions which can be defined discretely

and in which the relations eetween the dimensions have equal probability
of occurrence.

Very recently Eleanor Rosch has presented a comprehensive
argument for a different approach to the acquisition.of natutal
'concepts (Rosch, 1976). She maintains that, while the world is made
up of aﬁ infinite variety of stimuli, the child does not gradually
isolate dimensions anc attributes and then combine these to form'
concepts. In fact, the child confronts a world of "intrinsically
'seperabie things."’ ’ S

Rosch gives three prjnciﬁlestwhich she believes account for
the organisms confronting a world of "intrinsically separable things.”
First, in the real'world, certain attributes are frequently found
together, i.e.f correlated, and other attributes are not. For example,
"goft" and “furry" are correlated attributes which will tend to
produce a sepa;ate category response.‘ Second, there is- an ®ptimal
level at which category formation may take clace; this level has
maximum c¢ue validity. The- cues with maximum cue validity are eaose
which operate to maintain maximum predictive value, wh%le.being the
most economic’in, terms of not making unnecess?rily fine distinceions.v
For exéﬁple, "soft“i “furry",'"foer iega",?ang "moves" may be -cues

with high validity. "Curiy" has‘proﬁhbl&.little Validity for

l'separatihg categories although it may be highly correlated with "fur",

Thitd, the means whereby the qrganism processes real«world,information ,

o <

:‘is such as, to heighten the dieerete characteristics of categories - for

o
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organisms procdss real world information by means of prototypes, not

f discrete features. A prototype is a concrete

by hierarchies

instance which closest to the average of the correlated attributes.

The use of the prototype will encoufage category distinctions, as the ‘
prototype enhances the maj ,coréelpted,valid cues. ' The prototype

may be the most salient member of a category by virtue of some

central tuning. Where no underlying phfﬁigiogical base for saliency
could be expected, prototypes are believed to represent the central
tendency of the category, the 'category” of the category, with new.
instances beiag/ggi:gned to categories in an analog faéhion;

According to the above model,san organism would derive a
dimension after it had experienced a sufficient number of‘instanées.
Superordinate categories would be built up from subordinate categories,
i.é., in the reve}se direction to that proposed by Eva Clark. Ertors
in categorization would be expected to OCCUr.more frequently as one
moved toward the periphery of the categories, i.é., where the
. correlation of attributes found in the instance was at some distance
to the average found in the prototype, for example, sparrow = prototypes

; .
for bird, penguin = ? bird? To the extent that the development of
meaning reflects-the abose, it would be expected to proceed from less
to greater generality (Anglin, 1977).
It is not clear how the prototype-analog theory would account

& .
for the acquii%tion of the number concept, number names, or relational .

L3

.terms. Since it seems that .a child may achieve all of these quantity

concepts in perceiving and interacting with the real world, his

early understanding of number, and the relational terms, might be ’

i 4
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expected to reflect the'real world correlations of dimensions. There
are real groups of things in the[real world. Where there are "more"
things in‘the real world, the group is also usually largef, covers

more area, etc. If one of the spatial dimensions of the group is
altered and number is not altered, density fe. It is also possible that
thg earliest conception of numbers are built on some kind of real world

prototype of a set, say two (hands), five (fingers) (Werthheimer, 1912).

Acquisition of other twos or fives could theoretically take place

according to an analog mechanism. The intuitive garly'numberé,
représenting readily perceivable groups, provide the possibility

for such prototypes. However, there are Probléms with the model: in
dealing with numbers. Numbers seem to be either/or - what would the
"category' of the category of five be? What is the "average" of five?

It is aisé difficult to coneelve of the érototype for a relational

concept such as "more'. Such.a term has no "real world" referent.

Numbers, unlike natural concepts are nét,intrinsically separable things .
of the world, rather, they represent ordered relationships.

It is possible that there are developmental changes in the
mechansims for the acq:isition of all'concepts - a movement from’an
analog process to an analytic process. In studying number concepts
in well-defined concept type paradigms, i.e.; where all logicall;
possible combinations of length/number/ and dersity are, employed,
the analyt;c mechanism may be révealed, but the analog mechanism
obscured. Possibly the paradigm should be altered to attempt to

demonstrate the analog prototype mechanism. However, if ultimately

the child must move towards‘gpalytic, rule diggcted operations in

\.
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order to construct number, then.studying the éarly responses in well-
"gefined paradigma'my in fact revaal Ehe beginning of the analytic
process.

Possibly a component theory of concept acquisition like that

‘of ,Eve Clark's could at this time provide an adequate account of the

f=\\\ éresently available data on the acquisition of numerical and other
\\\_’//4huantity concepts. Jon Baron (1973) has proposed a theory of both
verbal and nonverbal concept acquisition which is a modification of
Eve Clark's component theory of verbal concept acquisition (E. Clark,
1973b), and of information processors, Miller, Galanter and Pribram's
no;ion of plans (1960). Like Clark, Baron argues that concepts may

be acquired a component at a time, but proposes to define concepts {

-

as '"habitual plans', and components as subplans, i.e., as ordered

. actions or strategies in the manner ¢of G. Miller et al. Baron states

e

that one of the major requirements for any theory of concept of
acquisition is to account for systematic errors. . Systematic errors
could result from missing plans, confusion of plans, or lack of rules
for ordering. The component missing on a task could be verbal o%
nonverbal or both.

For example, in relation to quantity concepts, Baron has-

.
Ml D e & S LRI SV e

argued that the child may begin with the concept "big", a set of

synbnyms for "big" such as "more", ."longer", etc., and some strategies
suitabie for assessing bigness on different dimensions. The child might
:make systematic errors ,for the following reasons. First, he might

not have one of the imporFant strategies for one of the dimensions, for

example, number, in which case he might substitute an available

<




strategy appropriate to another dimension, for example, length. e
Second, he might have both strategies available to him but not
distinguish one ffom the other in terms of appropriate application.
For example, he may have stragégies available for assessing both
number and length but consider them as equivalent because he lacks

a component specifying the dimension to which he should attend in
applying the strategy. Third, he may -lack the part of the plan which
specifies order of application for the plan, or when to étop. For
.example, asked for number, he uses the length strategy, then counts,
then ;djusts count to reflect length judgment. If any of the above
conditions held, the child would treat one concept as another i.e.,
would assimilate .one conceét to another. Missing components could

be verSal or nonverbal or both. For example, the child could have
appropriate strategigs in a nonverba} context, but not have a subplan
for attaching .the strategy to the appropriate word. A concept could
not be considered as mature if it could not be applied to a variety
of appropriate situations, nor could it be considered mature.if it
was applied to a variety of inappropriate situations.

According to the theory, components could be acquired in an
assoclative fashion, but being conceived as plans, once acquired
they would have considerabie genera¥ity. Order of ;cquisition might
vary for different children, although there cou%d be hierarchies of
‘components, because some tasks might be more difficult than others.
The difference from Piaget'é theory lies in the less extenged notion

of the component. In Piaget's theory, acquisition of a concept
, .

requires a total reorganization of the cognitive structures. According

e e A el e A . e e Sl = R M~ it s I, A i, WM 1




91

. - N J

to component theory the acquisiéion of a compbnent of a concept could
be reflecped in more than one concept, resulting in spurts of growth,
but there would be no need to argue for a wholly reorganized cognitive
structure. |

To summarize tHis section from the perspective of this thesis:
By observing how childremn utilize concepts in a variety of situations,
and how they inte;pret their'instructions, one méy infer something about
the processes whereby the cbild has acguired the concépt and its
related’terminoiogy. By comparihg performance at different ages one
may infer something about the'COUrse.of cogniéive developmené ;nd the
acquisition of word meaning. All of the approachgs outlined above
have been helpful in providing methodology and conceptual toois to
deal with the issues of interest in this thesis. Study of these
issues may, in turn, allow for an evaluation of certain aspects of

-

these approaches. -

\ | | " |l

. ] :
The conclusiyn of section one outlined the theoretical issues

>

which form the foundafiion of this thesis. With the support of the
literature reviewed in sections 'two, three, and four, these issues

will be restated as general hypotheses, or expected outcomes, in the

concluding section of this introduction, section 5.

Section Five: - The Thesis
(1) A child's early concept of number is probablx'multidimensional

(Dewey, 1897; werthheiﬁer, 1912; Zimiles, 1966). He should, therefore,

=)

- show some confusion, systematic or otherwise, in evaiuating dimensions

which ére part of his real life experience of number. Piaget maintains
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that the child in the péeOperatjonal period confuses strategies
gpprOpriate'tQ§discrete and spatial concepts (Piaget et al., 1960).
There is evidence thdt children in the appropriate age group (3-7) do y
confuse number with length, and that Epere are developmental trends
to this confusion (Gelman, 1972; Piaget, 1952; Pufall and Shaw, 1973),
There is little §vidence on confusions of length with number (Piaget
et al., 1960), and no evidence concerning the systematic or unsystematic
nature of these confusions. |

In the experimenfs in this thesis the experimenter asked
children to judge.both length and number on the same array. The
hypothesis was that many fgung children would confuse length with
number or number with length in_some systematic way and that the chgice
of strategy would show developmental trends.
(2) Piaget's theory of the development of\number parallels his theory
of the development of lengtg. He proposes some communality in the
logical and sublogical operations underlying the two concepts (Piaget
et ai., 1960). If a preoperational child does judge numbef‘incorrectly‘ .

according to length, and length correctly, this may indicate he has

o e ———————r

only a single strategy available to him. " On the other hand this may
only indicate that he has a bias to respond with this particular

strategy. Possibly the other strategy is available.

1¢
2 \!

The hypothesis was: If only a single strategy is available
a child will employ that strateéy reg;rdle§s of changeés in task
v;riables Qﬁich might enable, or call attention to the possibility
of fnother strategy. These task variabiéé might be cha&ges in set

size on training. If the child doéé’haye strategies appropriate to




bdth,gimensions, he may be ihduced to wse them.
(3) According to Piaget's equilibrium model, a child's current
cognitive structure determines the probabiliéy of hisjemploying a
particular strategy to judge number (or.length). In the preoperational
period the child's thought is characterized by centering on a dimension,
excluding information he might obtain if he attended éo two ddimensions
at oﬁce,or to states and transformations. From the viewpoint of this
thesis, the centering supposedly characteristic of a preoperational
child's thought may influence his performance not only within, but
across concepts.

Important factors which ﬁay determine which strategy the
child employs are dimensional saliency and the transformation of an
‘array (Ginsburg and Opper, 1969; Piaget, 1952). P. Miller (1973) has
shown that one dimension maf be more salient than another in judg&epts
of c;rtain quantities. Howéver, there is no information about the
role of diméﬁéional saliency in numerical judgments, nor about the
possible basis of that sa;iency. Saliency could be due to .the ease
of perceptuél &iscrimiﬁation, or to the ease‘with which one cqn.perform'
operations on a particular dimension. With respect to the effeét of
the tran;fqrmation, Beilin (1968) and Zimiles (1966)'have provided
evidence that the effects of a transformation ma§ vary with age.f
Bryant (1974) has argued that the effects of a'transformation may
vary according to the natyure of the configurations.

Attempts were made in Ehe thes}s to obtain information about
the basis éf dimensional saliency through: a discrimigation.learniné

paradigm comparing rate of acquisition of length and number concepts;

*
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variations in set size.

Attempts were also made to assess the effects on a child;s
judgments of length and number of: varying modes of presentation,
i.e., static vs. transformal arrays; different configurations; and age.
It was expected that:

(1) Children would f£ind length an easier dimension than
number wheo very young (aée 3)7since end points are eaeily
discriminable, but that this would change with age in relation
to the emergence of a numerical strategy. If the child has

a bias to number he might discount end points.

(2) Set sjze, transformation, configuration, and age, would “
all affect‘performance in the preoperational child. However,
it was not clear what the direction of influence might be.

For example, the same,conf}guration pight or might not be
equally difficult for length or number judgments.

(4) The small numbers in the number series are assigned’a unique

role in some formal theories of number, and an aﬁbiguous role in
Piaget's theory. Ihere is evidence in the literature that numerical
taeks employing small numbers may reveal early operational abilities
(Gelman, 1972; Weiner, 1974). It is possible that on small number
sets, the child may be able to perform,numerica} operations which he
could not. perform on the large séts. Small numbers may make the
attributes of an array appropriate for number more salient. This
could make it difficult for a child with a numerical strategy to attend
to the other dimension and perform the operations appropriate to that

dimension. If he overextends the numerical strategy to the length

-
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’

dimension)one might argue that his number concept is immature; for,

even if there is evidence that certain numerical ¢perations are
¢

available, the child apparently lacks a criterion for setting appropriate

limits on the application‘of the numerical strategy. Such evidence
might allow one ‘to argue that small numbers do have a unique status
which enables certain operations, but the numbers theﬁselves are not
fully constructed.

It was hypothesized that on small numbers some young children
would be able to correctly judge the relative numerical value of two
sets and also to-conserve number. Some of these children would also
overextend the numerical strategy to the length dimension. On large.
sets, these same children, or children of comparable age would give
no indication of the availability of a numerical strategy.

(5) The child's cognitive status may well influence his comprehension

of language ( Sinclair de Zwart,1§69; Donaldson and Wales, 1970) and

FEa SN
)

his language, his problem»éolving abilitiés (Frank, 1964; Kendler &
Kendler, 1969 Siegel, 1977b). There is empirical data avéilgblé
%ndicating that the'refqrents for the youné child's words are not

the same as the referentg for the adultfé words, and that there are
some regularities and a;ywetries in development (Clark, 1972; Donaldson
& Wales, 1970; Holland & Palermo, 1975). These investigators have
.suggestea that the growth of worq meaning reflects developmental

changes in cognition. Siegel (1977b) has pointed out -that. an assumption

of these theories is that word meaning reflects nodlinguistic strategies

and that the growth of word meaning shows the gradual acquisition of

»

such 'strategies. '
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In the Preoperational period, when the child's linguistic and
cognitive systems are supposedly converging, studies of comparative
terms for concepts which have been shown to be interdependent should
provide information about the growth of word meaning.

In the various experiments in this thesis the experimenter
explicitly asked children to respond to qugstions'coﬁtaining terﬁs‘
";Sﬂch as "longer", "more"! and on occasion to "shortex" and "less'.

It was expectéd that examination of the child's strategies in response
to these terms and to the particular experimental conditions would

shed some light on the changes in referents for comparaﬁive terms.

(6) Different approaches to concept acquisition make different
assumptions concerning the evaluation of the‘matunity of a concept,

the r;le of languag;, and the besé methods of characterizinglfhe
mechanisms of acquisition (Baron, 1973; Bruner, 1956; Kendler & Kendler,
+1969; Piaget, 1952; Rosch, 1976). The {nvestigator expected that a
simultaneous c?mparison of performance on related quantity concepts
.uﬁder different task con@itions wquld 8110w soﬁe reasonable speculation
concerning: the :appropriate means of evaluating a ‘concept; the role

of language in concept tasks; the most suitable model. for characterizing

concept acquisition and conceéptual development.

~
N I3

In the research‘which will n&w be presented in chapter two, the
same basic.paraéigm was used thioughout: young children between 3-7,
Fhildren in Piaget's preoperational pe;iod, were asked to make number
and iength judgments.on a variety of liﬁear humérical arrays. It was

hoped that in this research, which attempts to shed some light on the

L
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issues outlined above; the three jeneral intentions.of this thesis

would be met:

(1) to examine some of those factors which _influence a child's
quantitative judgments on linear, numerical arrays.'

(2) to further delineate the nature of the young child's understanding
of comparative terms.

(3) to consider some general questions on the nature of concepts and

Jcognitive development.
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Chapter Two

The first two experiments presented in this chapter have appeared
in publication under joint authorship. They are not presented, there-
ﬁfore as the research proper of the thesis, buE as the foundation of the
four following experiments. They will be given in a summary form, with
the exception of the method section of the first paper. The method
devised for this experiment is the basic method employed in all the

following research.

Experiment I

The Role of Number and Length Cues in Children's.Quaﬂtitatiye
Judgments (Lawson, Baron, and Siegel, 1974).

. The authors noted the fact that young children's errors in
response to number questions were frequently attribqted to a tendency
to attend to length, (Gelman; 1969, 1972; Zimiles, 1966). They
propo;ed to examine: the ability of young children to respond to
length ang number as independent dimensions; the degree of consistency
in their choice of cues for making length and number judgments. In
order- to determine the consistencyland independeqce of a child"s
response to length and number questions, the'experimenter must employ
configurations such as those sho@n_in Figure 1-1.

1Incongruent configurations 3, 4, and 5, where length and number

cues are in confliet, allow the éxperimenter to determine the nature
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Figure 1-1 Examples of configurations used and the results

of applying different strategies in response to questions
about relative length of or number of dots in the rows.
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of the child's response strategy. For example, if in response to a
J

questioﬁ about length on Configuration 3, a-child said the bottom
row was longer, the experimenter might conclude he was using a_number
cue. If the child consistently used the number cue in response to
length ané number questions the experimenter might conclude he was
using a number strategy. Thié pattern of responses would allow the
statement that the child AOes not treat the length and number dimensions
independently, but he is consistent in his choice of cues. Other
children might respond to length cues on number, both length and
number cues correctly, or some unknown or unexplained cues. In this
last case ome might say of a child who replied with the answer to
"same" eitﬁer a length or number question on configuration 3 that his
cue and his error were unexplained. The congrhent cénfigurations |
and 2 allow an evaluwation of the child's basic ability to differentiate
"same" from a compa;ative.

The authors also hoped to determine whether a child's choice
of cue on t?e main task, which employed static arréys, related to
his performance on a conservation type task, which employed transform-
able arrays. They expected that a child who used a number strategy
on the main task would be mo;é apt to be a conserver than a child who

used a length strategy on the main task.

" Method

Twenty seven children were tested who ranged in age from 2.10
to.5.0 years with a median age of 4.2. There were 11 male subjects and
16 female subjects. The static configurations, referred to as the number-

length assimilation test, and the conservation test were presented in

balanced order.
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Number-Length assimilation test
. Rl

This test consisted of the presentation of static stimulus
configurations to the child as shown in Figure 1-1. Variations of
configurations 1 and 5 were included, which had four dots in each row.
The arrays consisted of black discs 5/8 inch pasted on 5 by 8 inch
white cards. They were designed so as to employ combinations of
length, density, and number cues. Those arravs on which ft {s pou«ible
to score number to length or length to number errors are labeled
incongruent; those arrays on which these dimensions are not in conflict
are labeled congruent. In configurations 1 and 2 numerical and spatial
cues were redundant and congruent. In configurations 4 and 5 either
number or length was held constant (number in 5; length in 4) and the
other dimension was varied. Configuration 3 had conflicting cues,
that is, the longer row was the least numerous, whereas the shorter
row was the most numerous. After each card was presented, the child
was asked: "Do these rows have the same number of dots, or does one
row have more dots?" 1If the child answered that one fow had mo;gz
he w;s asked which had more. A second question was then asked: fare
these rows the same length, or is one row longer?" If the child said
one row was longer, he was asked which row was longer. All possible
positions of the independent clauses were employed for both number
and length questions. The order of the questions was varied. Tﬁe
result was eight different question sets, which were randomized for
each stimulus presentation. Each configuration, with the exception
“of configuration 1, was shown to the child three times with counter-

balancing of posifion and number (three or four) in the equality sets.

At i -
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Configdration ]l was shown six times so that there would be an equal
probability of correct samec and different answers. ‘In all, then, the
child saw 18 cards and responded to 36 questions. There were two
orders of stimulus presentation.

Conservation task

In the conservation task the child was asked three questions.
After being shown two parallel rows of equal length each with four
pennies, the child was asked these questions (1), "Are there the same

number of pennies in each row or does one row have more pennies than

4

the other row;" While the child ;atched, the row of pennies closest

to him was pushed together. Then the child was asked question (2),

"

which was either the same question as question (1) or the same question
with the clauses reversed: "Does one row have more pennies than the

other row, or are there the same number of pennies in each row"? Prior
to question (3), the altered row was returned to i1ts original position

v

identical with, and parallel to, the other row. To be judged a

conserver, the child must answer "same” to all three questions.
§ q

~ -

'

Results
if a child,cogfﬁsed length and number questions but employed
////"2~tons£stent length response strategy kSee Figure 1-1), that is, he
‘'was generally correct when asked about length and incorrect when asked
about number, he was said to have ‘made nuﬁber-torlengch errors, or to
' be a length responder.g If a child confused length and number, but
employed a consistené ﬁumber response strstegy'(See Figure l—i),that
is, he was generally correct oﬁ'numper and incoyrect on length, he

*

was said to have made length-to-number errors, or to be a number
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respender. The nine children who made more thap-four incorrect
responses on the congruent stimuli were not included in further
analysis of the number-to-length or length-to-number errors. This
left 18 children.

Twelve out of 18 children were characterized as number
responders. These children made 0 or only 1 error on number questions,
out of a possible 9, but at least 3 errors attributable to a number
strategy on length, jout of a possible 9. Six children out of 18 were
characterized as length responders, with 0 to 1 errors on length, but
at least 3 errors attributablg to a length strategy on number. There
was a significant negative correlation between subjects length to
number error; and number to length errors (Kendall rank coeff%cient
= ~.57, p < .002). There was no significant difference in error rate
on the different configurations. A graph of the age trends for the 18
children (Fiéure 1-2) shouved tha& unexplained errors, that is, errors
which could not be attributed to the use of the length or number
strategy remained'gonstant over the‘agé groués, but ﬁhe relationship
between the two systematic types of errors changed. Until about age
four, the number to length and length to number errors remained
approximately equal. From four onward this'changed, with number to
length errors reducing to 0 at ége five and length to number errors
increasing.

Seven out of the twenty-seven children conserved on the
conservation task; all of these children were number respoqders, that
is, they were usually correct on number questions but answered length

questions as if they were about number. Conservers were significantly
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MEAN NUMBER OF ERRORS ON

CONFIGURATIONS 3, 4, AND 5

e —————— e e

FIGURE 1-1

<0 Number to length errors
~—~L¥hgth to number errors
< Number,unexplained errors

- -4 Length,unexplained errors

0

2.10-3.11

Figure 1-2 Mean number of ercors on configurations 3, 4,

and 5 as a function of age and error type.,
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different from nonconservers in their preference for number (Fisher's

Exact test, p < .05). Density did not appear to have an important

e dao i

effect on the children's response stratégy. For example, there were

- 3
children who judged the rows in configuration 5 as the same length.cahi\\ Q;

configuration five. length and density differ, only number is the same. \

S s e

Also, some children indiéated they were counting in their responses to
length questions about the configuration. They would say, "One, two,
three. The rows are the same''.
Discussion |

The results indicated that number could be a powerful cue provided
" the set size was small enough. The‘djj::;;;;E§“EEtween this study and

those studies which show the power of the length cue was explained in

terms of the diffexent set sizes; most %Studies which have shown the power

of the length cue have used large numbers - probably numbers beyond the
— . .
estimation range of the subjects (Pufall and Shaw, 1972). The number

cue in this task was, in fact, sq powerful that it enabled numerical
operations, but disabled lengih operations, for the majority of children.

.

All of the chilaren who employed number for the length judgments. on this

|
j
|
i
|
1

task, were able to judge continuous length correctly three times on a

SOETe e p e

subsidiary task included at the end of the experiment.
The consistency of the 18 children's responses pointed to the

existence of some kind of stable cqgnitive structure. They did not

make both length to number and number to length errors at the same
time. However, although the children did have consistent strategies
énabling them to respond differentially to "same'", and to the

comparative terms '"'more" and "longer", their concepts of length apd
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number had still to be construed as‘immature for they applied the
strategies in inappropriate contexts. Baron has argued that the
children might best be characterized é; bossessiﬁg a superordinate
concept of "bigness'", missing some of the components necess;ry to

allow them to treat length and number as independent.dimensioﬁs (Baron, .
1974).

The findings suggested that the development of conserbation
ﬁight procede best on the small number sets, where the child cofid
easily check on invariance. 09 large number sets, he would-be apt
to use a length strategy and bé unable to check his estimates. The
findings also indicated that success on a conservation task could not
be taken as sure evidence of a ﬁature concept. The children who
succeeded on the conservation task were the children who miéapplied

number to length.

JOVSITRIP




Experiment 2

Effects of Training and Set Size on Children's Judgments of Number

and Length (Baron, Lawson, and Siegel, 1975).

The findings from Experiment One indicated that children had
difficulty differentiating the dimensions of length and number when
asked to make comparative judgments on both dimensions. However,
these children were consistent in their choice of cues attending to
either length or number. The second experiment was undertaken to
attempt to establish:whéther the children understood only one concept
and did not understand the other,and thgrefore only had one strategy
available; or whether neither concept was fully undefstood but the
strategies approprkate fo both were.availaBle‘_ In this last c;se,
the child might lack a criterion for the application of the appropriate
strategy' ana employ a strategy in an inappropriate situation simply
because it was easier, or because his attention was attracged to some
salient featuFes of the array. If the child does have both length
and number .strategies available and is biased to use one rather“éhan
the olher because of pertain features of the task, it should be:

. poss&ble to induce him toAise the other strategy by altering the

A

features of the task. If he does not have both strategies available,

he should continue to use the same strategy no matter what changes

are made in the task.

Two factors were introduced in this experiment which could

- 107 -
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alter the child's response strategy, if it were simply due to a bias.

These were variations in set size, and training.

The results of Experiment One showed that small number - sets
could produce numerical strategies on length question;. Other
investigators had shown that large number sets produce length strategies
on number questions (Pufall and Shaw, 1972). Suppose one were to ask
" the same child to aﬁswer length and number questions on both large
and small sets, and.found that the child, in response to both questions,
used a number stra;;;& on the small set and a leﬁgth strategy on the
large set. One miéht conclude that the cyild'ﬁad both length and
number str;tegies available, but was biased by certain features of the
task to employ one strategy or the other. Changes in set size could
make .one ,strategy easier than the other, for example, number on the
small set. Or, changes in set size could make one dimension more
salie;t than phe other, for example, numbé; may be easier on the smail
get because the individual dots stand out:‘

Training a child to employ an appropriate strategy on the one

dimension where he employed an inappropriate strategy could result in the

child using gppropriaté strategies on both dimensions. For example,

if a child had used a number strétggy appropriately on number questions,

but inappropriately on length quesfions, hg might be trained to use
the appropriate length strategﬁ on length questions. If‘£he child.has
lé proper number éoncept, that is, not only has the strategy but Eﬁe
criterion for when ‘to ;éply it, he should not give up his number
strategy wheﬁ trained oﬁ length. 1If he lacks the criterion, training

him on length could simpiy pias‘him toward the use of the length
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strategy, which he might then employ in ;esponse to numbgr questions.
Method ;

Eighty-four children between the ages of 3-5 were tested on
two separaté days in a pretest-training-post-test design. On day )
one the experimenter presented the children with arrays like those
in Figure 1-1. The same method was employed as in Experiment One,
except that the children were tested with both large sets (6-8) and
small sets (3-4). The order of the sets was counterbalanced across
children. There were 10 stimulus cards in each éet, each configuration
fresented twice. One week later, the éhildren were trained with the
small sets on the dimension on which they had made the most errors on
the pret;st. Traiq}ng consisted of asking the child questions only
on this dimension, and then giviﬁg him corrective feedback. He was"
given 12 training trials, the three inconéruent configurations were
each presented four times. The training was followed by a post-test
identical to the pretest, only employing the small arrays. A contro&-
group was also employed in which procedures were identical in training
except that the children received no feedback.
Results

Subjects who answered incorrectly on the pretest on the

congruent configurations were again excluded from gnalfsis of the

length to number and number to length errors on the incongruent

+

configurations. The results from the pretest indicated that row size .
affected choice of strategy. Length to number errors_occurred more
often on the small set than-on the iarge set, t(37) = 4;32, p < .001L;

*number to length more often on the large.set than on the small set,

T e s,
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-t(37) = 4.34, p < .001l. There was no significant\difference between
the two set sizes in the number of errors overall. The findings were
consistent with those of Smithers, Smiley, and Rees (1974). There
was, however, an order effect for set ;ize. Children ého had &he
large set first, the set which provoked the length strategy, were
more apt to persist in the use of the length strategy on the small
set than children who had the small set first.

Training proved to be effective in altering children's response
strategies. Subjects in the experimental group made fewer systematic -
errorsi on the trained dimension in the post-test than in the pretest.
Thesé{subjects also made significantly fewer errors on post~test than
those in the control group who showed no change, t(29) = 3.14, p < .005.
The intereséing result, however, was that while subjects in the control
group made no more errors on the untrained dimension on the post-test
than on the pre—te;trusubjeétsghlthe experimental group did make more

.errors, t(28) = 2.86, p< .0l. There was, then, evidence for negative

transfer. However, there was some positive benefit from training which

could not be simply attributed to altering a bias: the amount of increase

in error on the untrained dimension was not as greah as the decrease
on the trained dimension, t(28) = 1.91, p < .0S5.

. Conc¢lusion

Many of the children in this_experiment showed that they had

both length ‘and number strategies available to them, but could be
— —
1Systematic errors: This term will be used. to facilitate the discussion
of "length to number" and "number to length' errors in-those cases
where a general term is necessary. Systematic errors can be contrasted
with unexplained errors. :
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biased to use one of the strategies by training, changes in set size,
and the order of presentation of set sizes. These children were not
simply limited to a single concept and a single strategy. Rather they

had both strategies available, or parts of both concepts, but appeared

to lack an appropriate criterion for the application of their strategies.

The choice of strategy seemed to reflect a response bias induced by
particular‘features of a task. As far as language is concerned the
results 'suggested that the referents of the comparative terms "longer"
and "more" can be both numerical and spatial for a preoperational child.
The meaning of the term will reflect the particular response bias
produced by the features of the task.

The findings spoke to 'two issues: , the evaluation of the
status of a concept and training.

The authors concluded that a demonstration that a child has
an appropriate strategy for a concept is not sufficient to allow one
to say that the child has a mature concept. To say that a child has
a mature concept one must demonstrate that the child does not misapply °
the concept, for example, usevnumber to judge length, and that one
‘ cannot easily manipulate his response strategy. Success on &
conservation task, theref&re, mighé not be the best evidence for
acquisition of a quantity concept. Such succéss may only indicgte that
the child has a npmber bias. . |

With respect to training, the results suggested that non-
diffe?ential training of the type employed here may have little value,
as such training may simply alter re;ponse biases. Also, the rather

rapid effect of the ‘training in altering children's reéponse'stratégies
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and producing a negative transfer, suggests the possibility that

training did not simply alter single associative bonds, but a larger, 4

bound unit, a subplan or compoment, as suggested by Baron (1973).
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Experiment 3

Effects of Set Size, Static and Transformed Presentations, J

Configurations, andgAge on Children's Judgments of Length and Number

Findings from Experiments One and Two showed that some young

e

children, age 3-5, did not respond differentially to length and number
questions; rather, they consistently used a length or number strategy

regardless of the question asked. Of particular relevance to this

e

third experiment were ‘the following findings: First, in children of ‘\\~\
this age, the small number set provoked the use of a number strategy,

the large number set a length strategy. Secondt children who

'succeeded on the number conservation task, that is on the task using

Rl

transformed arrays, were number responders on the main task using

static arrays. They used the numerical strategy to make length

judgments. Third, on the small sets the use of the number strategy . |
) B
, .

to make length judgments appeared at about the age of 4%-5. TFourth,

alth&ugh the finding was not significant there was a slight tendency

for children to make more length errors on configuration four (length
same, number different) and number errors on configuratién five
(number same, length differeut); The intention of the following
experiment was to explore further the relationship between childreq's )
response_strategies in m;king éomparative juégments of’length';nd b -

number and the factors of set size, static versus transformed presen-

tations, configurations, and age. .
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In Expe}iment Twer every child judged both number and length

‘an both small (3-4 dots) and large (6-8 dots) sets. On small sets the

~ o
children w?réxﬁore apt to use a number strategy to judge both length

-

and number, on large sets, a length strategy. The same child might
use a,number strategy on the small sets and a length strategy on the
large sets. In Experiment One there was evidence that it was the older

children (4%-5 yrs) who were apt to use a number strategy. This

¢

finding is consistent with findings by Gelman (1972) and Smithers et al.

(1974) that children of this age are skilled in judging numbers up
to five. ‘In the following experiment, Experiment Three, the author

presented large and small sets to different groups of children over

_ the 3-7 age range. A question of particular interest was whetlrer

children 5 to 7 years of age, who should be Qery accurate in number

.5 judgments of arrays of three to four dots use the number strategy to

~
I's

judge length. i
In Pidget's theory of number the ability of the child to -
withstand-a change, or transformétion, in an irrel;yant dimension such
as length; that is, to conserve number; is the mdin indicator of the
child's possession of a ﬁature number concept. Early®in the pre=’
operational period the child attends to single dimensions such as
length or demsity. He-may change the basis of his judgment in light
of a trénsformation because a different perceptual cue becomes more
salient. Only in the later stages of the developméAt of the number
cbncept is the child able.to use the information imparted by the
transformation itself. Piaget does point out that some children in

this preoperational period appear able to conserve small numbers;

]
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however, he believes this judgment is based on perceptual intuition
rather than on true operational understanding of the concept.

Other investigators besides Piaget believe that the child
receives valuable information from witnessing a transformation if
he attends to it (Baron, 1974; Bryant, 1974; Pufall and Shaw, 1972;
Rose and Blank, 1974). The difference between Piaget's position and
that of those cited above is that the latter group believe that the
child actually has true inferential strategies available to him prior
to achieving conservation. He may not succeed at number conservation
because of language problems or a misunderstanding about theczeq;ire—
ments of the task. For example Rose and Blank have shown that a young
child may view the repgtition of a question as suggestion that he
should change his judgments (Rose and Blank, 1974).

Some investigators of the factors influencing success on the
conservation task have proposed comparing children’'s performance
under transformed an%&statig conditions. This comparisdn supposedly
a}lows an assessment of the role of the transformation. In Experiment
One an association between conservation and the use of the number
strategy was established. Zimles (1966) in a study of older children,
Kindergarten to Grade two, found that this age group made more errors
on number judgments on transformed fhan on static arrayg. That is
consistent with the findings in Expefiment One for the 3-5 age groups.
Those children who were successful in thé transformed arrays used
_ number on, the static arrays, but not all children who were successful

in using number on the static arrays succeeded on the transformed

arrays. Beilin (1969), too, found that children in the 3-5 age group
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tended to make more%rrors.on the transformed than on the static
arrays. On the other hand, he found in a study of children of the
same age as those in Zimiles sample, that performance was generally
better on the transformed arrays than on the static arrays.

In the experiment, 3 ‘to 7 year old children were given both
large and small sets under both static and transformed conditions.
They were asked both length and number questions over a series of
fixed, random presentations of static and transformed arrays. The
only dimension transformed was length. The author expected that the
effect of the transformation could vary according to set sizejzage
and the individual child's preferred cue. On the small set, where
number is salient, the transformation might have less effect than on

s
. the large set, &here length is salient. Alternatively, on the large
set, the transformation might have less effect simply because length
is such a powerful cue that tﬁe c@ild maylmake no attempt to assess
numeroéity or invoke an invariance rule. Also, sincé children under
four seem more apt to attend to length regardless of set size (Smitﬁers
et al., 1974) they might be more apt to change judgments in light of
a transformation in length tha; older children. However, it
did seem possible that set size, rather than presentation condition
would be the major determinant of strategy, particularly within a
context where the transformation itself does not stand out as the
only change. In the method employed ﬁere the child saw static - and
transformed arrays interspersed and was asked two different questions

with each stimulus configuration tkat appeared.

The final question of interest in this study concerned the
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possibility of differential error rates on the different configurations
in response to length and number questions. There 1is evidence that
judgments of equality are more difficult'than judég;;:é'{;;inequality
(Beilin, 1969; Rose and Blank, 1974). Possibly children seek
differences (Pufall & Shaw, 1972). Therefore, one might expect a
higher error raté on configuration one (all cues equal), than on
configuration twq (all cues congruent). In Experiment Two there
were indications that configuration- five (number same, length different)
was the most apt to produce an error on number questions, configuration
four (length same, number different) an error on length questions.
Pufall and Shaw (1972) ‘also found that with static arrays children
made the most erfors on number questions on configuration five.

In this experiment the children were given all five configyra-
tions in both‘set sizes and asked both length and number questions.
0f interest was whether the same order of difficulty on configurations
might occur on both set sizes in spite of overall* differences in
numbers of errors. For example, on the large set, there might be
many more errors on number questions tﬁan on length questions, but
the same configuration might still bé the most difficult on both
set sizes. Also of interest was orde? of difficulty of configuratiéns
where the children were asked abougxlength. If young children attend
to differences, then configuration four (lengtH same, number different)
should produce the greatest number of errors on length questions.

In summary: This experiment was designed to ‘look at the
fdllowing; (a) the age range over which children employ a numerical.

strategy to judge length; (b) the relationship between the factors of

, .
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transformation, set size, a child's individual strategy and his age,
and (c) differential¢g§ror rates on configurations in relation to
both set size and question asked.
ﬁethod

In this study, children 3.7 to 7.1 years of age were shown
congruent and incongruent configurations (Figure 1-1) under both
static and transformed conditions. One group of childr?n was shown
a small number set (3 to 4 dot;); another‘ailarge number set (7 to 8
dots). A mixed, balanced order of presentation was employed. All
children were asked to make judgments of both number and length.

'Testé included number’ and length questions on bAth static
and transformed arrays. As in the previous studie;, the purposé of
the tests was to depermine the child's ability to judge whether two
simultaneously presented rows of dots had the same number of dots or

one had more, and whether they were the same length or one was longer.

Subjects were tested individually.

Subjects

I

One hundred and forty subjects were tested: They ranged in

age from 3.7 to 7.1 with a median age of 6.4. There were 74 male

subjects and 66 female subjects. The kindergarten and grade one children

in the study were atteﬁding a parochial school and.Qere of mixed class
and ethnic backgrounds. The pre—schqol children attended either a
private or a co-operative nursery school and were of middle-class
background.

‘ Materials

The Number-length Test in the Experiment was given on both
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static and transformed arrays presented as the stimulus confiéurations
shown in Figure 1-1. These were the same configurations used in
Experiments One and Two. The’one change was the introduction of a
millimetre standard unit to degermine distance between dots; for
example, on configuration one, the dots were placed 12 mm. apart.
Arrays of two sizes were used, with the same configurations, combina-
tions, orders, etc. used in each.- __-’_~_j///

The configurations for the étatic arrays were made by pasting
5/16" black discs on 5" by 8" white cards. The configurations for
the transformed.arrays were formed with black dots, identical to those
pasted on the static a;rays, i.e., 5/16" black discs. These discs,
however, were attached to Qery small magnets. The transformation
took place on a 5" by 8" white card, which had s%all pin pricks in it
so that the experimenter could give the 'dots spacings identical to
those found in the static configurations when she formed the configura-
tions. This card was placed on top of a small metal sheet.

Procedure ‘

The school age‘children were‘tested one at a time in a session
lasting approximdtely  twenty minutes. There were two kindergarten
classe; and two grade o;é classes. The nu;sery sghool children were

o .
~also tested one at a time; however, the‘youngest group, those born

in 1971 (N = 20) were tested in two sessions of about ten minutes each

in order to keep them attentive. 'Sixty-eight children were .randomly

¥
-

assigned to receive the 3-4 dot set .of configurations, seventy-two

-~

the 6-8 dot set.

Each child received three transformations, in each of which

v v
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there were three states, the initial and final state being identical.
The three transformations were chqsen so that there was one number
equality condition (using configurations 5 and 1) and two number
inequality conditions (using configurations 2,3,53. The sets were
arranged so that for each ;ubject transformations included changes
from: congruent to incongruent to congruent (e.g, 1,5,1 or 2,4,2, or
2,3,2) incongruent to congruent to incongruent (4,2,4 or 5,1,5, or
3,2,3) and incdngruent to incongruent to incongruent (e.g, 4,3,4, or
3,4,3). The experimenter alternated between moving the row closer to
tﬁe child and the row further away. The nine static configuration
cardstweré chosen to match the transformable configurations presented
to the child. They were presented one at a time in the same order
as the transformed configurations, three im sequence, for example,
cards with configurations 1, 5, aqd l were presented in a sequence.
There were fbur'different combinations of configurations employed
across children and two set orders of presentation - static (3 cards),
trans formed (3.configurations), transformed (3 configurations),
static (3 cards), transformed (3 configurations), static (3 cards),
anq the converse. The. order was such that the identical sequence of
traﬁsformed and static arrays never followed each o;her.

The questiqning pfocedure was identical for both the static
dnd transformed conditions. After the experimenter formed each'

-

configuration or presented the static cards, she asked the child,

"Do these rows have the same number of dots or does one row have more

dots?" If the child_answered ;hat~one row had more h®*was asked which

o
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had more. A second question was then asked: '"Are these rows the same
length or is one row longer?" 1If the child said one row was longer
he was asked which Eow was longer. Féllowing each transformation the
same questions were asked. All possible positions of the independent
clauses were employed for both number and length questions and tﬁe
order ;f the questions was varied. The result was eight different
question sets, one of which was randomly chosén for each stimulus
presentation.
Results .

The children's protocols wereespored for errors. A total. of
36 errors was possible: 18 on the static arrays; 18 on the transformed -
arrays; 9 on length and'qumber questions under both the transfqrmed
and static presentation conditions. As in Experiments One and Two
errors were élassifigd as a;tr;butagle to systematic length or number
response strategies, or to irrelevant, unexplained factors. Systematic
errors can only be assigned on incongrgent configurations 3,4, and 5
(sée Figure 1-1). The critéria emgloyed are described in the intro-
+~duction to Experiment One and indicatéd in Figure 1-1. Each subject
received 6 congrueant configurations (1 and 2), and 12 incongruent
configurations (3, 4, and‘S). Therefore, a total of 24 sysgematic
errors was possible: 12 gﬁder each presentation condition: 6 on length
and number questions under the two transformation conditions.

Those shbje;ts who mgde 5 or more errors (out of a possible 12)
on the congruent configurations were classified as guessers. As in .

Experiments One and Two, a high error rate on configuratiqns 1 and

2 was believed to indicate the child's inability to dnderstand,in some
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basic way, 'same”, or the comparative terms, or both. A subject who
mdde 8 or more correct responses on the congruent arrays was plassifi;d
as a nongueéser. The criterion was reduced slightly from that employed
in the previous experiments, so as not to exclude from analysis those
children who might have been affgcted by the transformation. Sixteen
children were classified as guessers, one hundred and twenty-three as
nonguessers. Guessers were excludéd from any analysis of systematic
errorg.‘ Syétematic errors (which show a child's response sFrategy)
were of primary interest in this experiment, ;s they were in the others
in this thesis. However, it seemed possible that the efféccs of

presentation could be revealed in changes in both systematic and

_unsystematic errors. Consequently, for most purposes, separate

analyses of systemaéic error; and all errors were carried out. In
the analyses_of all errors gueséers were includ%?, as were ail -
unsystematic errors on both congruent and .incongruent configurations.

To assess the overall effect of ;et size, transformed vs. .
static presentation, and question, a three factor mixed design Apova
was performed on all subjects' errors (Tables A3-1'and 3-2, Appendix A).
The between éroups facgor was set size; the within factors: transformed
and.static presentation, length and ﬂumbér questions. 1In order to
have an equal N in the cells, fogr subjects were dropped on .a random:
basis from the large set where N = 72. The main effects of set si;e,

F(1,134) = 5.55, ‘p </.Ol and thé double interaction of set size and .

.question, F(1,134) = 69.76, p < .001 were significant (Sodrce Table

B3-1, Appeﬂdix B).

The means and total scores are presented in Table 3-1. There
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Tablﬂ 3-1

Total number of errors and means by presentation condltlon question,
and set size.

Grand total, both sets = 1403, N = 136
X = 10.32
Presentation Question
static, 1=691 transformed, 1=712 number, I=813 length, Z=590
X=5.,08 X=5.2 X=5.98%* X=4.338%
Question x Presentation
number length
static, £=408 transformed, £=405 static, I=283 transformed, I=307
X=3,00 X=2.98 . X=2.08 X=2.26
Grand total, small set = 619, N = 68
' X = 9,10*%
Presentation Question
static, £=303 transformed, =316 number, I=231 length, L=388
. X=4.46 X=4.65 X=2.40% X=5,706%*
Question x Presentation
A
number ‘ - length
static, I=116 transformed, I=115 static, =187 transformed, 2=201
. X=1.71 X=1.69 X=2.75 X=2.96
Grand total, large set = 784, N = 68
X = 11.53%
Presentation Question
static, £=388 transformed, =396 number, =582 length, £=202
X=5.71 =5.82 © X=8.56% X=2.97%
Question x Presentation ;;P
number : length
static, I=292 transformed, =290 static, Z 96 transformed, £=106
X=4.29 X=4.26 X=1.41 X=1.56
* p < .OS'Duncan{s multiple range test.
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were 36 efrors'possib}e overall: 18 under the transformed and static
condition: 18 for the number and length questions: 9 for each
" presentation by question cell.

On the average,children made 10 out of a possible 36 errors.
They made significantly more errors on the large set than on the small
set, and overall made more numﬁer errors than length errors. However,
the interaction of set size and question indicated that the number
of errors the children made on the length and number questions depended
on the set size. éhe Duncan's multiple range test, p < ;05, comparing
the question meaus on the two¥set sizes rcVealed that children who
received the lafge seg made their greatest number of errors in response
to number questions. Children who received the small set made their
greatest number éf errors in response toilength que;tions.

- To assess the effect of set size, presentation condition,
and question on children's systematic errors, the same analysis was
performed'on systematic errors, guessers excluded. (Tables A3-3 and
A3-4, Appendix A). The main effect of ques;ion, F(1,122) = 10.44,
p < .005, and the set size by question interaction, F(1,122) = 62.7063,
p < .001 were significant (Source Table B3-2, Appendix B).

The means and total ‘scores for the above analysis of systematic
errors are presented in Table 3-2. Twenty-four errors were possible
overall: 12 under the gtatic and transformed presentation; 12 for the
number and length questions; 6'fqr each ﬁresentation by question cell.

On this measure there was fio significant difference in the mean number’

of errors made on the two set sizes,'although_the results are in the
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Table 3-2

Total systematic errors and means by presentation condition, question,
and set size.

static,

static,

Grand total, both sets = 854,

e (=

won

124
6.89
Presentation Question *

Z=424 transformed, I=430 number, £=538 length, 2=330
X=3.419 X=3.47 X=4.34% X=2.66%

Question x Presentation
number . length

1=261 transformed, =363 static, r=163 transformed, =167
X=2.10 X=2.12 X=

static,

statie,

]
=)}
[\8]

Grand total, small set = 389, N
X

[
L=
o]
~J
Ea

Presentation Question
£=195 transformed, I=194 number, &=125 length, 1=264
X=3.15 X=3.13 o X=2,02% X=4.26%

Question x Presentation
number length
L=62 cransformed, =63 static, =133 transformed, =131
X=1 X=1.02 X=2.145 X=2.11

static,

static,

62
7.50

Grand total, large set = 465, N
X.

Presentation . . Ques tion
£=229 transformed, £=236 number, £=399 length L=66
X=3.69 X=3.806 X=6.44* X=1.06%

Question x Presentation

number - length
199 transformed, E=200 static, =30 transformed, I=36
2

= k=2 b2
X=3.209 =3.23 X=.48 X=.58

* p < .05 Duncan's multiple range test. /j>
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same direction as in the analysis of all errors. The only significant
main effect was attributable to the question asked; more errors were
made Iin response to number questions than length questions. The
interaction indicated that the question which produced the greatest
number of systematic errors varied according to set size. Duncan's
multiple range test on the means in the quesfion by set size cells
showed that the children who received the small set made more
systematic errors on the length question, whereas the children who
received the large set made more systematic errors on the number
question. The greatest number of systematic errors occurred in
response to the number question on the large set. Within the sets
there we;e significant differences in respomse to the two questions.

>

The difference in the mean number of errors made under the
transformed or sfjatic presentation conditions was not significant for
either the large or small sets in either of the above analyses.
However, it seemed possible that the effects of a transformation might
interact with a child's preferred strategy. Subjects (only nonguessers)
were, pherefore, classified according to Fhe direction of their
maximum number of systematic errors. Fifteen subjects could not be
classifiedsas they made equal numbers of systematic errors on both
que§tions. There were 66 length respoﬁders or strategists over both
éets, and 44‘number'responders or strategists. The data analyses
included all errors. Seperate treatment (presentation condition) by
treatment (quesiion) by subject Anovas were carried out on tgéxerror
data for length strategists and number strategists. ‘There were

-

no significant effects except the effect of questions for
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length strategists, F(1,195) = 399.0210, p < .0001l; for number
strategists, F(1,126) = 187.8740, p < .0001 (Source Tables B3-3,
B3-4, Appendix B), which simply indicated that children who used a
length strategy made more errors on number questions than on length
questions and children who used a number strategy made more errors
on length guestions Ehan on number questions.

0f some interest in this experiment was the'relatiohship
between age, type of error, and method of presentation. _To simplify

this age analysis, the children were groupéd according to school

‘grade. The three grade groups, nursery school, kindergarten, and grade

one were equalized by adding several of the oldest nursery school
children to the kindergarten group and dropping several of the grade
ones. Small and large sets were analyzed separately, on both all
errors and s}stematic errors. In each case a three factor mixed
Anova was used, with Grade the between factor, and presentation
condition and question the within factors.

The regults of the analysis on all errors for the small set
yiélded significant main effects of grade, F(2,63) = 12.72, p < .001,

-

and question F(1,63) = 11.7266, p < .005 (Source Table B3-5, Appendix
B). The means and total scores are presented in Table 3-3. —Theyg were
36 errors possible overa}l: 18 under the transformed and static,
condition; 18 for the number and length questions; 9 for each presenta-
tion by question cell. Significantly more errors were made in
response to the length question than the number question (see'Tablea
3-1). Of more interest here, however, was the age effect. A Duncan's

multiple range test (p < :05) on the mean grade differences showed

e
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Table 3-3

Total number of errors and means on small
set by grade, presentation condition, and question (N=68)

Nursery S(25)

Total 311
X 12.44%
presentation:
static ; = 159
X = 6.36
trans. = 152
X = 6.08
question:
number = 156
X = 6.24
length ¢ = 155
X = 6.2
jues. X pres.:
numb.stat. T 84
X = 3.36
trans., I+ = 72
X = 2.88
leng.stat. I 75
X = 3.00
trané. Z_ = 80
X = 3.20 ,

Grade

Kindergarten(18)

150

8.33%

68
3.78

82
4.56

54
3.00

96
5.33

24
1.33

30
1.67

44
2.44

52
2.88

Grade one(25)
158
6.32%

76
3.04

82
3.28

21
.84

137
5.48

.32

13
.52

68
2.72

69
2,76

128




Table 3-4

Total systematic errors and means on small set by
grade, presentation condition, and question

NurseryS(20)
Total 168
X T84 . %
presentation:
static £ = 86
X = 4.3
trans. z = 82
X = 4.1
question:
number X = 84
X = 4.2
length z = 84
X = 4.2

ques. X pres.:

numb,stat,

X

L)
numb, trans

X

leng.stat.

X

leng.trans.

X

43

2.15

41
2.05

43
2.15

41
2.05

Grade

Kindergarten(18)

102
5.6%

46
2.56

56
3.11

30
1.67

72
4.00

14
.778

16
.89

32

1.78°

40
2.22

Grade one(24)

119
4.96

63
2.63

56
2.333

11
.458

108
4,50

.208

.25

58
2.42

50
2.083
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that all three grades differed from each other. There was a decrease
o
in the mean number of errors made by each Grade.

The results of the analysis of the systematic errors by grade
on the small set yielded a significant main effects of grade F(2,57) =
5.0256, p < 01, and question, F(1,57) = 10.4263, p < .00l (Source Table
B3-6, Appendix B). The means and total scores are presented in Table
3-4, Ther; were 24 errors possible overall: 12 under the transformed
and static condition; 12 for the number and length questions; 6 for
each presentation by question cell. More ;ystematic errors were made
in response to length questions than to number questions (see Table 3-2).
The grade means were tested with gbgw?uncan's multiple range test.
The nursery school children made significancly more systematic erroré‘
thgﬂ_either the kindergarten or grade one children. These last two
grades did not differ from each other.

The analyses on all errors on the large set yielded significant
main effects of grade, F(2,63) = 14.359, p < .001 and question, %(1,63)
=-89.4935, p < .0001 (Source Table 3B-7, Appendix B). Table 3~5
presents the means and total scores. As with the small set there
were 36 errors possible overall. The children made more errors on

the number question fhan the length qﬁestion. The Duncan's multiple

range test on the grade means indicated that the nursery school

N

children did not differ in the mean number of errors; however, the
grade one children made significantly fewer errors. This result is

different from that on the small set where .all grades differed.

7

The, analysis of the systematic errors on the largevset showed

a main effect of grade, F(2,57) = 11.5639, p < .001 and question,

-
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Table 3-5

Total number of errors and means on large set
by grade, presentation condition, and question

Grade

131

Nursery S(25) Kindergarten(18) Grade one(25)

i S

Total © 378 234
X 15.12 13.00
presentation:
static 2 = 179 117
X = 7.16 6.5
trans. I = 199 117
X = 7.96 6.5
question:
number L = 267 191
X = 10.68 10.61
length I = 111 43
X = 4.44 2.39
ques. X ﬁres.:
numb,stat. £ 131 98
X = 5.24 5.44
numb, trans. & 136 93
X = 5.44 5.17
leng.stat. L 48 | 19
X = 1.92 1.06
leng.frans. L 63 24

X = 2.52 1.33

172
6.88*

92
3.68 .

80
4.44

124
4.96
48

1.92

63
2.52

61
2.44

29
1.16

19
.76
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Total systematic errors and means on large
set by grade, presentation condition and question

Total

presentation:
static, §

X

trans.,

Sal

question:
number,

S

length,

»l o~

ques. ¥ pres.:

numb.,stat. %

X

numb, trans, I

X

leng.,stat. I

X

leng.trans. I

X

Table 3-6

Nursery S(24)

221
9.208

104
4,333

117

" 4.88

185
7.708

36
150

89
3.708

96
4.00

15
0.625

21

.875

Kindergarten(15)

143
9.533

70
4.667

64
4.267

134
8.93

.60%

70
4.67

64
4.267

.333

S22

132

Grade one(24)

101
4.208%

50
2.08

51
2.126

80
3.333%

21
.875

40
1.67

40
1.67
:10

417

11
.458

—\
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F(l1,57) =.97.0586, p <001 and a significant grade by question inter-
action. F(2,57) = 9.387{, p < 001 (Source Table B3-8, Appendix B).
Table 3-6 presents total systematic error scores and means for the
large set by grade. As with the small set, a total of ia systematic
errors is possible overall.

On thé'largé set children made more systematic errors on

_the number question than the length question (see Table 3-2). The
grade means were tested with Duncan's multiple range test, p < .05.
The grade one children made fewer systematié errors than either the
gindergarten or nursery school group. As in the analysis of all
errors, the kindergarten and nursery school children did not differ
from each other. The interaction found between grade and question
indicated that on number questions, there was a significant decrease
in the grade one groug, whereés-on length questions a significant
decrease took place in the kindergarten group.

The children's systematic errors were summarized and graphed
according to age and set size, pooling the trénsférmétion and st;tic
conditions. Figure 3-1 presents the data for the small set. The
figure suggests that while overall performance improved as a function
of age, the main change in performance took plgce at about age 5 and -
is apparently aﬁtributablé to a decline in the number of errors made |,
in judging pumber'dccording'to leﬁéth cues. The slope for length to
number errors remains constant until age 7, indicatinmg that at all

ages examined there are some children for whom number is the preferfed

strategy for judging length. . L
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Fiéure 3-2 presents systematic errors plotted‘against age for
the large set. The graph reveals that on the large set, judging number
according to a length strategy remains at a high level until about
aée six when this strategy appears to fall off rapidly.

In Experiments One and Two, a significant negative correlation
was established between subj%cts' systematic’errors. Children who used
a number strategy on length questions did not use the length strategy
oﬁ number questions; children who used the length strategy on number
questions, did not use a number strategy on length qeustions. In this

study, no significant correlations between error types were established

overall on either the small or large set, Kendall's tau small set

-

= ~-.20, Iérge set = 0.06. Scatter plots of the data are presented in
figures 3-3 and 3-4. The plots show that the association between
subject's systematic errors can probably not be represented by a
straight line. In botﬁ figures the nursery school sample corresponding
in age raﬁge‘to those in Experiménts One and Two are represented by
X's. Kendall's tau on the small set nursery school children tau = —.36
which is significant at the p <‘01‘1evel. This is consistent with the
findings in Experiment One. On the largé set tau was not significant,
which is not consistent with the findings in éxperiment Two.

The proportion of errors made on each confiéuration was
calculated for each set size and dimension, collapsed across the static
and transformed condition. Tﬁe.résults are presented in Table 3-7
by proportions and'in Table 3-8 écco;ding to rank. Since there is no

appropriate statistic for related proportions based on unequal N's,

ﬁo statistical analysis was performed. The unequal N's resulted from
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MEAN NUMBER OF ERRORS ON

CONFIGURATIONS 3, 4, AND 5

10t—

@tl.ll

Btem

2

0

TRRAPS

SMALL SET - FIGURE 3~1

o

-0- Number to length errors

- Length to number errors
~%* Number unexplained errors -
~d Length unexplained errors

) . .
H,ﬂ'v. —a .
4.7-4.11. 5.1-5.5 5.6-5.10 = 6.0-6.5 6.6-6.11

3.7-4.2

AGE

Figure 3-1

Mean number of errors on configurations 3,4,

and 5 as a function of a

ge and error type.
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MEAN NUMBER OF ERRORS ON

CONFIGURATIONS 3, 4, AND 5

12

11d=

10

LARGE SET - FIGURE 3-2

«0~ Number to length errors
4 Length to number errors
¥y Number unexplained erfors
=&~ Length unexplained errors

Py

3.9-4.1

¥ ] 1
4.10-4.11 5.0-5.5 5.6-5.9

4 AGE

6.0-6.5

6.6-6.11

7.0

Figure 3-2 Mean. number of ‘errors on configurations 3, 4,

and 5 as a function of age and error type.
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Figure 3-4
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Proportion of Exrors by Set Size and Configuration

Table 3-7

Small Set

139

Number Length
Config. 1 2 3 4 5 1 2 3 4 5
33 13 73 35 77 33 11 126 197 42
N 204 204 314 298 263 204 204 314 298 . 204
prop. .16 .06 .23 .12 .38 .16 .05 40 .66 .21

Large Set

Number Length
Config. 1 2 3 4 5 1 2 3 4 5
43 14 226 184 152 37 19 38 101 23
N 214 218 334 312 218 214 218 334 312 318
prop. .20 .06 .68 .59 .70 .17 .09 .11 .32 .10

Table 3-8 Ranks - from least to most
to difficult
Number Length
Set Size Large Small Large Small
N v

2 2 2 2

1 1 1 1

4 4 5 5

3 3 3 3

5 5 4 4

ot
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-

the attempt to balance the various possible types of configuratioﬁs:
congruent, incongruent, congruent. On both set ‘sizes configﬁration

two is easiest. For number judgments configuration S (number equal,
length different) produces the most errors. For length judgments
configurétion 4 (length equal, number different) produces the most
errors. This is true for both set sizes. Configurations 3 and 1,

all cues in conflict, and all cues in agreement tend to be intermediate
in difficulty. )
Discussion

The results indicate a ver& strong effect of set size on the -
numﬁfi/ék errors a child makes and on the response strategy he employs.
Tﬂ;-large set tends to produce more errors overall, and a very powerful
bias towards length. The small set tends to provoke a number bias.
Interesting here is the strength of this bias on small sets in
children as old as 6.6 -~ 7.00.

The reduction with age in the overall number of errors'iﬁdicates
that the children are bgcoming progressively more able to respond with
appropriate strategies to questions about quantities. On the sﬁall set
there was ahsteady grade by grade reduction in the number of errors made.
On the large sets, the grade one children made fewer errors than the
nursery school or kindergarten children. The greatest change took
place on number judgments. By grade one few childfen were making number
errors on either sef size. On both large and small sets, the drop in

_systematic ef;ors seems to reflect an incéeasing abilitylto use number

appropriately. The bias towards length persists longer on the large

sets, probably reflecting the greater difficulty the child has in
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discriminating and lébellingvlarge number sets. At the same time, at
least for some children, the emé}gence of a nu#erical strategy results
in its overextension, fts application to length, at least in those
situations where number is more éasily discriminable. It is possible
that the overuse represents the addition of a new "component' to the
child's understanding of the relation between number and length, that
is, the recognition that nﬁmber may be the best strategy for estimating
length under some c¢ircumstances; for example, the number of books may
be the best indicator of the spatial extent necessary to shelve them.
The relation of this component to the use of a number strategy requires
further study, possibly with adults.

'Combined with findings from Baron, Lawson, and Siegel €1975)
that‘the same child may change response strategy in a consistent
fashion when confronted with different set sizes, the above findings
lend support to a response bias interpretatioh'of children's responses
to quantitative questions. Correct answers eannot be assumed to

A .
indicate mature.concepts unless tested against a situation in which'a
response bias may be revealed. Testing a child's concept of length
or number in a situét;on where a strong response bilas is present may
also provide incomplete information concerning ‘the availability and
stability of c0gﬁitive operations, and their range of application.

The failure‘to.find significant negative cortelation; between
the alternative strategies, as in Expériments One and Two, foes not
require tﬁe rejection of the argument that at least some of the

children are responding with & consistent bias. The negative

correlation was preserit on the small set with the nursery school

.
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children and while not significant, the correlation on the large set
was also negative. The older children on the small set made almost

all thelr errors on length questions and none on the number question,
L™

that is, they were consistentiy employing a number strategy. The
older children on the large set were making almost all their errors

on the number questions and none on the length questions.

“»
3

, - The absence of the significant negative correlation overall
)

—
simply seems to indicate that the age factor results in a noncurvi-
linear negative relationship between length and number errors.

This may be related to the extended age range in this study, resulting

r

in a large number of subjects who make very,few errors of any kind.
/l

In the case of the large set an additiqﬂél factor which may reduce the
; / . .
’ /
possibility of establishing a’ linear gorrelation is the strength of

7’
’

the length response bias on the large set. This strong bias tends
to produce a ceiling on the number{of length to number errors.
- \

The findings of no differentI;T“egfects of the static and

N

transformed conditions provide.no support fqr.either Zimiles' (1965)
-

- |
or Beilin's (1969) findings with respect to differences in performance

— N

- under transformed and static conditioms. One Eight conclude either
thag‘;he'transformation had no effect, or, that the order of viewing -
of the static configurations had .the same effect as the order of
;iewing of the transformations. With regard to the first alternatiQe;
it is pessible that the method of preseq;gtion employe& here operates
to eliminate any differences in .performance .on the .static and

transformed arrays. This interposing of static and transformed trials

may result in the child not. relying too heavily on information from

. . ’
. . . - .
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the transformation trials but rather on his preferred strategy.

With respect to the second alternative; it is possible that
the presentation of the static configurations in a particular order
provokes a child teo attend to a particular dimension. Pufall and
Shaw (1972) prqvided evidence for such order effects. They found that
a configuration which provoked attention to a le;;th cue tended to
produce a number judgment based on length on a configuration which
follow;d'it. A configuration which provokea attention go a density
cue tended to provoke a judgment based on density. The effects of a
transfofmation could operate in a similar way. That is, the child may
not attend to the transformatién but simply io salient dimensions and
there may be order effects. Héwever,_the power of the sets in ptoducing
a response bilas, and the absence of any evidence for the effect of

the transformation, would seem to suggest that at least under these

presentation conditions, the transformation is not itself an important

.source of information for any age group.

1t is iﬁﬁortaqt to consider the role of response bias gnd

dimensional saliency in discussions of the effects of a transformation
and the development of invariance rules. An invariance rule requires
the integration of information over time;'a txansformatioﬁ is only a
source of information if the dimension on which the transformation
takes place is attended to. A child may only be able to integrate
information on a d}mension when it is salient to him. An important
aspect of thag‘act of integrationﬁis the recognition of variance as

well as invariance; the child attending to length (defined by ehd

points) appears able to integrate information about variance in length,
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and not able to integrate information about invariance in number. The
child attending to number may be able to integrate information about
invariance in number, but unable to utilize information about variance
in length. In.this experiment there is no way of completely evaluating
the number condition; ;uch aﬁ evaluation would require that items

be added or taken away.

In the development of the number and length concepts it is
possible that children do not move through stages of alternating
attention to different dimension over all set sizes, thgn integrating
this information with the information from the transformation, as,
in Piaget}s equilibrium model. Rather, they may attend to different
dimensions on different set sizes, learn invariance and variance rules
in relation to the salient dimegsions on dif%erent'set size, that is
length on large sets beyond their easy estimation range, ﬁumber on
small sets within their estimation range, and then integrate this
information. ’ . ‘ .

The differential difficulty of éhe various configurations may
reflect a primary attentional mechanism - a bias toward differences
(as suggested by Pufall and Shaw, 1972);it may'also reflect ‘a dependent
‘developmental sequence, that is, the later development of the concept
of "sameness". The findings may be interpreted in the light of
findings by Donaldson and Balfour (1970) and Siegel (1977a), that
young children understahd "big" ‘and "little" before they understand
“same". Beilin (1969) fgﬁnd that judéments of equality pendeﬁ to be

"poorer than .judgments of inequality.

'If the child does not understand "samé" as well ag” he under-
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stands "'more" or "longer", or he is biased-to attend to differences,
he will then tend to make errors on configuration one as compared to
configuration two where there is no conflict in the cues and where
there is a difference on both the number and length dimensions. This
was found to be the case.

The pattern of the proportion of errors on configurations 3,
4, and 5, seems also to indicate the child's sensitivity to differences.
Whether on the large or the small set, children seem to find it most
difficult to make a judgment of numerical equality when only the length

cue differs, as in configuration five, or a judgment of length equality

when only the number cue differs. 1In judging configuration three (all

cues in conflict) the_child may, as with configuration four and five,
attend to differences, but here all cues vary, and the child can
attend to either difference.

The order of the difficulty for the configurations for number
judgments fits with Piaget's theory of number. Children find it
easier to compare the numerosity of two sets where length is equal,
number not equal, or where neither are equal. Most difficult is
the judgment of equivalence where number is equal but~1ength is not.
However, according to Pufall and Shaw,(1972) Piaget's theory does not
explain why configuration four (the length equal, number not equal)
is easier than configuration three. Nor does his theory explain why
a judgment of length equivalence would be most difficult-on configura-
tion four,(iength eéual, number not equal). Hoyevér, it is evident
that 'the spatial cues are not coordinated with number in either case.

Consequently, according to Piaget, the concepts are not operational.
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The findings on the configurations in relation to the findings
on presentation condi;ion do raise questions about the appropriate
means for evaluating a child's inferential or logical "abilities.

Piaget uses the equal number configurations to assess conservation
status. He argues that failure on this configuration indicates a lack
of certain logical abilities. This is the 1 5 1 configuration pattern
employed in this experiment, a pattern which produceé a very high

error rate on number questions irrespective of aqy/;ransformation (see
Figure 1-1). Bryant has used a 2 4 2 configuration pattern (see Figure
1-1), and found éviaenee that even on large number sets, young children
perform above chance on number judgments on configuration four (see
Figure 1-1). He argues this demonstrates the presence of inferential
abilities. However, these configu?ations are least likely to produce
errors in number judgments irrespective of any transformation. If

some attentional factor is determining the child's differential
performance on the;e configurations, then attempts to demonstrate the
presence or absence of logical abilities with different configurations

without assessing their role, will produce an impasse.




Experiment IV

As outlined in Chapter one ~ section three, there has been a

substantial controversy about the nature and order of development
. of the negative and positive forms of the comparative adjectives.

In the three previous experiments the children were asked to‘make thelr
judgments in response to questions: formed with the positive forms of
the comparative objectives, i.e., "longér" and "more". It is
appropriate at this point to ask whether the ybung child's strategy

in response to number and length wogld be as consistent, and of the
same -type, if he was asked to respond to the negative forms ofithe
adjectives.

If the child uses a number strategy to judge number and length

when asked for "moré" and "longer", will he employ a number strategy

a— Aan ot

when asked to judge '"less" and 'shorter'? If the child does not

7

distinguish the negative and positive terms he should give the same e
‘ ‘ ‘

kind of performance with "less" and "shorter" as with "longer" and ;
"more'". On the other hand the child may distinguish "less" from : 4
. L

"more" and "longer" from "shorter" while confusing length and number.

In that case he might, i1f he had a length strategy, indicate in
his judgment that he recognized ''less' as the ''small one', but judge
it according to spatial extension. If he had a numerical strategy,

he might judge "less" correctly and "shorter" as the "small. one""

according to set size. It also seemed possible that.preferred
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estimation strategies might not te as tightly connected to the

-~

negative poles of the adjectives perhaps because thééé négative terms
are less frequent in adult language. In this case strategies may
be less consistently employed in conjunction with the negative terms.

Findings from previ;us studies (Donaldson and Wales, 1970;
Palermo, 1973; Weiner, 1974) led to the expectation that the under-
standing of the term ﬁless" would lag behind that of ''more', a
would possibly the understanding of '"shorter'" behind that of "Yonger".
However, there was no information in these studies as to whether a
child might eﬁploy a length strategy on "less" oria number stratégy
on "shorter". The author expected that some of the children would
eﬁploy their preferred strategy in response to.negakive terms if
they did not have fuliy‘differentiated céncepts of length and number.
An additional expectatibﬁ was that there would be individual ‘
differences in.strategies which might be age related.

Of some interest also in this study was the extenF to which
children might emplqy quantitative terms in their answers different
" from those employed in the.questions put to them. One might regérd
these new terms as intrysions. It seemed possible, for example, that‘
if a child did not understand a term such as "less'", he might use
other £erﬁs, for example, "more", or refer to ogher.dimenéions, for
éxéﬁﬁie,'the length of the row,."longgr", fshorter”. The intrusiops
’co;lé provide.additional information about which dimensions are

galient or the nature of.the relationships between terms.

'
1
i
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Method : ‘}

Subjects '

Thirty one subjects ranging in age from 3.3. to 5.2, were

fo st

tested on two occasions. The median age of the subjects tested was

4.6. There were 16 females and 15 males. The children in this study

2

attended either private or cooperative nursery schools and were of

predominantly middle class background.

Stimuli ' i
The stimuli were identical £6 those described in fxperime;t Two,

with the exception that configuration one appeared twice. There

were twelve configurations presented on the first occasion and twelve

*

on the second. Small size arrays were used because findings from

the previous experiments had shown that children use both length

and number strategies with these set sizes,whereas, on the large
number sets, almost all children use the length strategy.
Procedure ' ' ' ) o 1
Tegting sessions were conducted individually on two separate

days. On one of the days the experimenter gave each child a length

and number test employiné the terms "longer" and "more"; on the ' ]
other day, at 1éast one week inte¥vening, tge experimenter gave the
«<hild a similar set of configurations but uséd "shorter" and "Less"

N

in the questions. Sixteen children received ﬁlonger“ and "more" ; 3

in the first session and "shorfegﬁ and "less" in the second seséion." ..
The remaining fifteen children received “shorter" and "less" first, 3
and "longer" and "more" second. Subjects were }andomly assigned. -

5 . . -
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!
At the end of the second session the children were given the conservation
task described in Experiment One. They were also given the following
length test.

Length Test

The length test consisted of the presentation of 3 cards,each
with two black lines. On ope card the lines were equal; on the other!
two cards the lines differed in length. The differences matched
the minimal differences in length in ;he large and small number sets.
The experimenter asked the child: "Are these linés the same léngth
or is one line lbnger”?4 The order of the clauses varied as di; the
order of presentation of the three cards. |
Results

The children's protocols w;re scored for errors on each of the

‘critical terms. They could make a total of 12 errors on each term,

48 overall.

Y

To assess the effects of order of testing and the differences
in numbegs of errors on the critical terms, a two factor mixed
design analysis was performed on all errors for all subjects (Tables
A 4~-1 & A 4-2, Appendix A). The betwéen factor was order of Eesting?
the within factor, the critical term. There w;re no significant
effects (Source Table B 4-1, Appendix B). Tﬁé means and total
scores are presented in Table‘4;1. .

.Since order of testing had no.effeég,the subjectsf data could.
£e pooled. As in Experiments One, Two, énd, Three, the perform;nce

of‘ghose children who, show a comprehension of the basic terminology

[}
-
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Total number of errors and means according to critical term and

order of testing.

1

Order of
first testing

Critical Term

more Yess longer shorter
longer and .
more L =80 L =91 I =175 L =83 329
(N=16) X=50 X=25.69 X-=4,69 X=5.19 20.56
shorter and _
less L = 64 L =88 I =85 - E =87 324
(N=15) X=4,27 X=5.87 X=25.67 X=25.8 21.6
=144 I =179 LI = 160 I =170 653
X =4.65 X =577 X=5.16 X=5.48 21.00
X for term = 5.27

N
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was of particular interest. Thece were the children who could be
classified as nonguessers according to their performance on the
congruent configurations in response to questions with "longer' -
"same length', "more'" - "same number'. A child had to answer 8 out
of the 12 questions on the congruent configurations correctly to be
classified as a nonguesser. According to this criterion, 16 children
were nonguessers, 15 were guessers (Tables A 4-3, A 4-4, Appendix A).
e The nonguessers had been classified on the basis of their
performance on "more'" and "longer'" on the congruent configurations.
Therefore, the differences in the errors for each critical term for
these‘subjects were tested only on the incongruent configurations.
There was a significant effect of the critical term, F(3,45) =

3.748, p < .05 (Source Table B 4-2, Appendix B). The means and total
’scores are presented in Table 4-2., A total of 6 errors on each
critical term was possible, 24 errors overall. The Duncan's multiple
range test, p < .05 showed that fewer errors were made on ''more"

than on "longer'", or "shorter'. '"Less" did not differ from '"more",
"longer", né} "shorter".

The previous experiments h;d established that most of the non-
guessers' errors in response to "more" and "1onger"_resu1ted from
their consistent use of an opposite dimensi&n_strategy. Again in
this exﬁeriment the author classifiéd ﬁongues;ers' errors on "longer"
and "more" as due to.the use of either the dpposite.dimension strategy
or to an unexplained factor. However, in this experiment?.there was

an interest in when, or 1f, children used an opposite dimensional,

-,
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Table 4-2

Total number of errors and means on incongruent configurations
according to critical term, nonguessers only.

more less longer shorter ‘
Total ‘
N=16 23 42 . 56 49
X
N=16 1.44 2.73 3.53 3.01

Grand total = 170
Subject X = 10.63

Term X = 2.66

JER
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[ 4

polar, or guessing strategy in revponse to the negative terms 'less',
and “shorter". Therefore, the errors on these terms were subjected
to finer analysis than those on "longer'" and "more'. ‘One pattern of
response was identified which could indicate that a child was
respoﬁding to '"less" as if it meant "more', another as if it meant
"shorter'. Similarly, one pattern of strategies wgs identified
which could indicate that a child was responding to "'shorter'" as if
it meant "less'", another as if it meant "longer'". The coding used
for assessing these patterns is given below in Table 4*5. In relation
to Table 4-3 the reader should note that configuration 3 does not,
alone, allow one ‘to decide whether a child is using a polar or
opposite dimensional strategy. In order to assess these strategies
it was necessary to include an analysis of a child's errors on
congruent configuration two.

Table 4-4 presents the strategies employed by the individual
nonguessers on the incongr;ent configurations. - A tatal of six
responses was possible on each te;m. A summary table of these
strategies is included in the appendix (Table B 4-3, Appendix B).

The nonguessers are érouped in three ways according to their performance
on "more" and "longer" on the incongruent stimuli. The hiéﬂ performers
(Gr;ﬁp I, N =15) include those children who made fewer than 4 errors

on the 12 questions on the incongruent configurationé with the terms
l"lor.xger" and "more". The number strategists (Group II, N = 7)

consist of those children who made more than four errors on "longer"

and "more" combined, but who demonstrated a very powerful number

A
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Key for coding "less' and '"sherter" mccording te & polar (less = more)
or an opposite dimensional ( less = shorter) strateagy.

Less
Polar
less = more (number)
Config. :
3
e shorter more numerous
. . . row (U)
4 .
era more numerous row( P)
5
. .. same number (P)
e (P correct)
2

. . . . longer more
« « . mnumerous row (P)

-~

Opposite Dimension
less = shorter {(length)

shorter more numerous .
row (U)

same number (D)

shorter row (D)

shorter, less numerous row (D)
* (D correct)

/

Opposite Dimension \_;/

longer lesS numerous row (U)

.

shorter, less numerous row (D)

Shorter
Polar
shorter = longer sihorter = less
Config. )

3
seee longer less numerous

.« row (U)

4 .
e same length (P) less numerous row (D)
“ .. (P correct)

5 .

+ « « « longer row (P) same length (D)
2 .

oo longer more numerous

v row (P) ‘ ' (D correct)
U = uncertain
P = polar, (P correct) but fits polar pattern
D = opposite dimension (D correct) but fits OD pattern
0 = other, for example numerals alone

. x

i

A s . £
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~Fable 4-4
Types of responses of nponguéssers on the incongruent configurations.

Y3

Group I S
13
high 14
performers 23
(N=5) . 27
29
Group I
2
_number 2
strategists 10
(.N=7) 11.
12
s 28
Group 111
1

inconsistent 8 -

strategists 20

(N=4) ~ 31
e correct -
L.= length

N = Number

-

7
CRITICAL TERM
ek
more oless longer shorter
CLO CLOPU?2 CNO CNOPU2
6 ~ - £ 13 --0P 6 -~ L
6 -- 11121 - 6 - ~ 23--1-+-
4 ~ 2 2 -~22PFP 51 6 ~ = - - ~
5 ~1 6 - - - - - 411 6~ - - - -
6 - - 6 = = = - - 6 - - 6 — - - - -
3
4 -2 6 ~ - - - - -6 - -4 - -2 -
4 -2 311-1- -6 - 13 -~--2 -
5-1 S ~1--- -6 ~ -4 - -2 -
6 - - 3~-2-1- -6 - -31-2 -~
5-1 4 l1-1-P 6 33~ =~ - =
312 411 -~ - 141 22 ~-~-2-
6 - - 2--4-PF -6 - -5~ ~1DN
v’f“
4-2 411--0- 231 321---
46 2 - 112111 33 - 411 -~+-0
123 31~11PP 42 - 4 - 2 -~ - PP
411 -51~--- 33~ 231 «-~-- 4 _
0 = other - unexplained’ 2 = congruent 4]
P = polar : configuration 21
U = uncertain

-

)
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bias on "longer'. The inconsistent strategists (Gfoup I1I, N = 4)
include: those nonguessers who showed neither of the above patterns.
Responses on “longer" and “more™ are classified as either eorrect (C),
opposiQf'dimensional (L or N) or other (0) unexplained. The responses .
for "less", and "shorter" are presented as either correct (C);
opposite dimensional (L or N); unexplained (0); polar (P); or uncertain
. "Uncertaiﬁ'resulted when the child's response could be classified
as either‘éolar or opposité dimensional. Errors made on configuration
two in response to the negative térms are in%luded in the table and
classified according to the'sam; code, Figure 4-1 illuétrates the
overall relationship between the different types of terms and strategies.
Noteworthy about the child;en's strategies are the folléwing:
A length strategy was very seldom employed in judging “more'; it
was most often used by the inconsistent strategists. The high
%erformers and number strategists, both nonguessers, gave
evidence of having some consistent quanFitative strategies,
corgfct or incorée;t. 1f some form of consistent quantitative strategy
can be takeﬂ as evidééce of emerg;ng cognitive skills or operationms,
then it might be expected that these children would tend to be older
than the children who do not demonstrate such consistency. The
high performers and number strategists were compared on age to the
inconsistent straﬁegists nonguessers, and the guessers on the Median
Test (Tabie A 4-5, Appendix A). The children with ;nd;éatidns of
consistent quantitative strategies were oider than the other group

of children (Xf = 4.32, p < .01).

| b g A et e
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Having a numerical strategy available and being able to apply
it consigtently should be related to conservation status. Those
children who showed some facility with the numerical strategy were

in the nonguesser category. Nonguessers and guessers were compared

for their performance on the conservation task (Table A 4-5, Appendix A).

Being a conserver was associated with being a nonguesser (Xf = 11.51,
p < 001). Amongst th; guessers (N = 15) there was only one conserver;
amongst the nonguessers (N = 16) there were 10. It might be noted
thét among the inconsistent strategists (nonguessers, but no identi;
fiable consistent strategy) there were no conservers,

The performance of the nonguessers and guessers was compared on
-the length test. The length test required three comparative
judgments.of continuous length, one of equality, two of inequality.
This test was included primarily to provide information about the
children's ability to ju@ée length according to end points. However,
it also provides some information about-?he validity of tpe nonguesser-
guesser classification procedure. bhildren were cl;ssified as guessers
because they failed to make the "same" - comparative distinction. If
this failure is not simply related to-discrete arrays, oge might
expect to.find that these same children had'problems with j;dgments-
of continuous length. The raw data can be found in Tables A 4-5 and 6,
Appendix A. Table 4~5 presents a summary of the results of the length
tes tl.

The.results indicate that both'guessérs and: nonguessers were very

accurate in ﬁékiné length judgments of inequality according to end
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Table 4~-5

Numbers of subjects correct and percentage of correct responses on
the length test for nonguessers and guessers.

Numbers of subjects correct

condition inequality equality
o 2 3
nonguessers
(N = 16)
Group I 5/5 5/5 4[5
Group II 7/7 7/7 5/7
‘ Group/f&l 4/4 4/4 , 4/4
16/16 14/16 13/16
Guessers - 15/15 13/15 | 5/15
(N = 15)
Total = 31/31 27/31 18/31
Perggntages
Nonguessers 100% ' 887 - 81% 90%
Guessers 100% 87% ' 33% " 69%
100% 87.5% 57%

93.75% 57%
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points. Approximately 947 of tﬂeir judgménts were correct. This

High level of performance was also found in group II ;hildrén whe

used a number strategy to make length judgments. Judgments- of -
equality appeared to be morxe difficult, approximately 57% of  the
judgments were correct. The discrepancy between equélity and inequality
was mainly effected by the guessers, wﬁo @ere Qery poor at making
judgments of same length. Only 5 of the 15'guessefs sucdeéded at

this task.

In response to questions about 'less' there is little evidence
for an opposite dimensional strategy (less=shorter) and only a slight
indication that a polar strategy.(less=more) might be present %n.'
some children. Only two children, subjects 23, and subjects 28‘ >
responded consistently as if "less" meant "m;re“. Subject 28 responded
to "less" questions with the word "longexr" and judged according to
numerosity, which makes his strategy a debatable case., The errors
of the other'children who had 3 or fewer correct responses on "less"
do not appear to fall into aqy.consistent patterns. A Figure 4-1
shows thaﬁ,ovér all subjects,e}rors on "less" tend tolbe equally
distributed amongst the error categories.

The apparent lack of a consispent~incorrect sgratégy iﬁ the
errors in r;sponse to:questions about "less" contrasts with the
pattern found in the errors in response to questions about "shorter",
particﬁlakly:amoﬁgst the number,étrategists. Thére is'évidgnce for

‘a consistent but incorrect numerical gtrategy. Figure 4-1 shows"

that overall subjects,errors on-"shorter" seemed to fall mainly
3 : 3 ,

(RS VY
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into the opposite dimensional category. Amongét the number strategists
several children who used a numerical strategy for'%horter? (shorter=

less) failed to use a numerical strategy on '"less'" (subjects 5,10,

and 28). ,

if a child is uncertain about the meaning of a term, this could’

appear in his productive language: he might search for other terms 1
which seem relatednin meaning. The child's use of additional terms,
terms other than those employed in the questions, haa been recorded.
Ihese additional texms were labelled as intrusions. An intrusion
might be: on the same dimension as thé question asked, for examplé,
"shorter", when "longer" was the critical term: on an 6pposite
dimension, for. example, the child might use the term "longer" in

reply to a question about "more"; neither of these, but other terms
guch as "smaller", or simply numerals without a judgment. The child
was assigned a score of 1 for a trial on which ;n intrusion occurred
even though sometimes more th;n one intrusion occurred. All configqr—

ations were included, therefore, a child could obtain a score of 12

on each term, 48 over all terms (Tables A 4—77 A 4-8, Appendix A).

To assess the relapionship between the total number of intrusioné
. and the subjects' classification as guesser‘ar nonguesser the data
was subjected to the Mann Whitney U~test. There was a signif;cant
diffeéencé in the mediah_number of {ntrusions of the guessers and
) nonguesSe;s. U=73.6, p < .05, th\t;iled. ‘Tbe median ﬁumbér of
intrusions for guesse¥s was 15,~fof nonguessers, 10. Table 4-6

presents the total scores and sum of ranks within subjécts, for each ' .

.
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" Table 4-6

Total number of intrusions and sum of ranks for each term by subject
classification, -

more less longer shorter
Nonguesser
Total 47 58 36 36
Sum of .
ranks 43.5 49.5 34 . 33
-/1
Guesser .
Total 55 82 . 60 61
Sum of -
ranks 35.5 47 - 32 35.5
Grand Total 102 140 96 97
Grand Sum of Ranks 79 95 66 . 68
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&

term acco%ding to subject classification.

To determine yhethér there were any differences in the number
,of intrusions on the éritical.terms the Friedman test for matched
Groups was used. The test yielded a X§ = 9.974, p < .025. This
indicated that at least two of the terms differed. Inspection of
Table 4-6 shows that,overall,the two terms which differed most in
number of intrusions were 'less' and "longer". However, the difference
in sum of ranks between '"longer' and "shorter'" is minimal. The
pattern for the nonguesseré and guessers appears to be similar with
the exception of intrusions in response to"more" Relative to the
other terms,nohguessers answered with an intrusion more often than
guessers in response to questions with "more". Q

The nonguessers' intrusions were then categorized as either
from the same dimension, opposite dimension, or other. The same"
dimension ﬁas further subdivided into same dimension, WOrés repe;ted,
for example'"longer", "same }ength", together; mixed, for example
more-less; and polar, for example '"more" in response to "less"; The
diétribution of ﬂhesg errors can be seen in Table 4-7.

Thg§e statistics are only descriptive; Howéver, the foliowing
should be noted: Intrusions were least li#ély to occur in responsé
to quéstions‘abqut'"loﬁger" and 'shorter"; they were most likely to
occur in response to questions abapt "less'. When these intrusions
t;n "less" qt‘xestic.m.st occurred they were most likely to be from the
'sdmg'dimension and to.consist of, ér include, the polar term."more".

On "less'", "longer"., and ”shorter"‘the.intruéions_were most likely
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Table 4-7

Percentage of responses with linguistic {ntrusions by critical word
and type of intrusion, nonguessers.

more less longer shorter
Overall Percentage .
of Intrusions 27.42 37.66  25.806 26.00
Typé of Intrusion
(1) Same dimension
. (a) word repeated ‘ 87 1.8% 14% 2.8%
(b) mixed ' 6% . 26.69% | B VA 8%
(c) polar ' 21%  24% 362, 27%
Total . . 35.42% 46.557% 617 38.8%
(2) Opposite dimension 31% 15.5% 5.5% 19%
(3) Other 33 3797 33 . s1.67%

ey oy o~
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to come from the "same dimension' or "other" categories rather than
from the "opposite" dimension category. This 1is interesting in the
case of "longe;" and "shorter', where the predominaﬁt strategy employed
by some children was numerical, an opposite dimensional stratégy. When
intrusions occurred on "longer" and "shorter" they were least likely
to be numerical. Only in response to questions about 'more'' did
intrusions appear to be equally distributed amongst the three main
intrusion categories.
Discussion

'i)The absence of a finding of a differencé in the overall level
of performance on the critical terms "more', '"less", "1onéer“, and
“"shorter" 1s not in acé;rd with findings from other studies (Donaldson
and Balfour, 1968; Klat;ky et al., 1973; Palermo, 1973, 1974). However, in
these studies comparisoﬁs of performance were made between two terms
only, for example "more" and "less", "longer" and "shorter'". Perhaps
when all four terms are compdared, as in this experiment, the variability
contributed by differences in individual children's strategies (or
lack of strategies) is simply too great relative to the variability
resulting from the terms. ''Less" compared to "more" may give a .
relatively low level of performance. '"Less' compared to "longer"
and "shorter", where systematic errors abound for. some éhildren,
presents, another picture. &

_The nonguessers alone also did not perform He%tgr on "more"

than on "igsg" on the incongruent confiéurétioﬁs. They diﬂ'perform

better on "more" than on "longer' and "shorter". However,-if one

.
1 . -
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considers the number of nonguessers who made 4 or more correct

responses (out of 6 possible) on the incongruent configuration,
performance was better on "more', than on "less", "longer", or "shorter"
(14 on "more"; 8 on '"less"; 6 on "longer", 6 on "shorter").

There were important differences in the strategies which resulted -’
in tﬁe erroneous responses to the critical terms. Children used the
length strategy infrequently in judging "more', perhaps because of
the small set size. Only amongst the inconsistent strategists,
nonguessers, was there evidence for this strétegy and none of these

1t

children conserved. The findings on "less" do not give any stro&g,

sugport to \the Donaldson and Wales (1970), Palermo (1973) findings

more”. Only two children

4]

th was responded to as 1f it meant

empl;yed a onsistent polar_stratégy, that is,responded to "less" as
if it mea’t "more". The other children who made at least three errors
the inhongruent stimuli had no consisfent strategy for "less"; they
appeared to be guessing. These findings are more in keeping with'.
those bf Townsend (1973). In all she studies cqmparing‘"more" and
"less'y different age éroﬁpé, methods, and set size have been employed.
It would seem that the parameters determiging the nature of the child's
reéponse to "less" still need to be explored. Whether .one finds polar
strategies or guessing in respgnse go '""less'" seems very dépeddent on
the-methédology.employed.(Kavanaugh, 1976).

. One. of the'pérametgrs which couid be explored 1s set size., 1In
judging large sets for "more" the youngtchild frequently resorts.xo )

A

. a length étrategy (Baron, Lawson, & Siegel, 1975). 1If "less'" means

v

[
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N
"more", the child should resort to the length strategy on the larger
set, "less" being equal to the "longer" row. If he did not do this,
and he also did not pick the more numerous array on a small set, it
would seem safe to conclude that he was guessing and did not emplox
a polar strategy. If he did use a polar gtrategy on the small set,
it would be interesting to see if he might switch this to the length
dimension whén thz number set is beyond his estimatibn range.

One subgroup of the nonguessers employed a powerful numerical
strategy in response tec both lenéth questions, although they were
apparently capable of judging length according to end pointg. There

"shorter"

was no evidence that any of these children responded as if
meant "longer"; rather, they rESpondeﬂ as if ¥longer" meant "more",
and as if “shorter" meant "less". It is possible that some children,
when asked to judgeb"shorter" on continuous‘lines would use a polar
strategy. In this case an opposite dimension numerical strategy
wo&ld seem to be unlikely. (It mié;:—;;jkoted, however, that one
child, when asked to judge cpntinuous length, moved his fingers

down the li&eé, counting, in order to make his judgment). It would
be interesting to compare responses to "shorter'", and "longer", when
. used for juégments of different size number sets and of continuous

length.

The results of this study bear on the controversy concerning

the cognitive-noncognitive basis for the reported lag in young children's

comprehension of"lessq (Donaldson & Wales, 1970; Holland and Palermo,

1975; Klatzky, et al., 1973). Although the high.performers-and number
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AN

strategists were able to uée the number strategy and the number strate-
gists used Lt to judge "longeé" and “shortér", some of these childrén
did not use an appropriate numerical strategy to judge "less'". Over
both groups, 6 of these 12 children had only chance level performance

on "less'". Apparently these children could make the large-small

distinction, and they did have a numerical strategy available. They

were not,therefore, lack ng the basic cognitive components t:?make a
judgment of "less'. Thikéwg basic components were simply not attached
to the word "less". Perhaps the most parsimonious explanation of the
"less" phenomena is simply the low frequency of "less" in the language.
With respeet to 1;dividual differences it should be noted here that
one child judged "less" correctly, "longer" and "shorter" according to
a numérical strategy, but did not seem to,understand the meaning of
"more".

The nonguessersltypes of intrusions suggest an asy@metfy between
length and number terms. Overall, 'the child was less likely to use ;
_an altermate term when making any length judgment than when making
any numerical judgment. Further, "longer'" evoked the fewest number
terms and "more" the moé; iength terms. This could indicate a stronger
perceptual basis to the ghild!s original undérstanding.of‘&ongér? éndn
a confidence in his understanding of thg term even when He may clearly
misunderstand 1t;:as in the case of ?ho;e ghildrep'who employed a
numerical sqrategy. ‘Number and its relational termé require abstraction .

and differentiation from related dimensions such as length. Dimensions

" such as length may be retained permanently as part of the meaning of

' . i o dg\' i
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number's réfégihnal term "more". Alternately, if "more emerges 3s
h b

the first coordinate for proper quaﬁtitative fudgments, thén, the

child who has "more" firmly in hand may Begin to refer to other

v

dimensions such as length in a contrastive way - this one is 'more'.

and 'longer'. . . .

4

Fﬁnally, this experiment  provides evidence for stable cognitive
structures and for the increasing stability of these structures with
age.‘ The number strategists showed that strong number bias'on tﬁg

second time of testing a week to two weeks later.‘ Children who had

oy

consistﬁnﬁ‘strategies were also more able .to resist irrelevant changes

[y

in an array; it was the high performeré and the number strategists

" who conserved: And,‘tﬁe older the child the more apt he was to give

evidence of a consistent cognitive structure.

-
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Experiment V

Four main duestions were explored in this experiment. First,
is length a more easily discriminable dimension than number? Second,
ate ;here asymmetries in nonverbal discriminations-on the above
dimensions such that judgments on the‘bositive poles "more" and
"longer" are éasier than judgments on negative poles ''shorter" and
"less"? .Third, what is the relationship between a child's perforﬁance
‘on a nbnvérbal discrimination t;sk aﬁd the verbal task which has been
used throughout the experiments ig this thesis? Féurth, do cognitive-
linghistic mediators primarily tag sbecific.dimensions, for example,
"number", or'do they primarily tag poles,léor example "big" or "gmall"
in relation to which dimensional strategies are alte?ed? In relation
to the above‘questions certain age‘parameters were explored. The
issues involved in each of the questions will now ée consi&ered.

Various SQudies"havg shown that when a young child does.not
use a numerical strategy to judge the nuﬁerosity of a linear array
of discrete eieménts, ﬁe tends to use a length sﬁrategy based on
end pgints‘(Gelman, 1§6Q; 21972; Pufall and Shaw, 1972; Siegel, 1974a}.
Two factors influencing the use of this strategy are the age of the
child and set size. Younge; childrén'afe'ﬁore apf to use a length
strategy than oldey cﬁildreﬁ; they are more apt to use the strategy on
1;rge sets than on small sets, The_relation between the en&point

1éngth‘strategy, age, and set size suggests that this strategy is

%
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easier than the numerical stratepy. Beilin has argued that the factor
which m;kes length "ea§ier"-is its primitive or "{mmediate" perceptual
component. In ghis it differs from a higher order concept such as
number, which is more abstract (Beilin, 1969). )

During the development of'the length concept;children initially
attend to endpoints. However, in stage two, they may attend to aspects
of internal segments (Piaget et al., 1§60), including numerosity.
Supportiﬁg evidengeifov'the Piaget's et al. stage two finding c;mes
from thg previous e;periments in this thesis thch show that on small
sets some young children Qill employ some form of numgrical strategy
when askeq to judge length (several, children did so on large sets).

In Expegiment %our, there ;;;.evidence that those children who did

use a nuﬁerical strategy on discrete arrays to judge length.were ab;g
to use a length strategy based on endpoints to 3udge continuous'length.
Thus,hwhilé the pumbér strategists had the endpoint strategy available
to them th;y used a'numerical strategy to judge-léngtﬁ. For these
children thep,leﬁgth was not an easier dimension than n;mber. While
possibly the absence of a numerical'stratggy résults in children
relying on more primitive perceptual ;ttributés, the presence of some
form of ﬁumericgl strategy may ;esult in the primitive attribute being
ignored. This problem seems’.to be conceptﬁal rather than perceptual.

A

Neither the length nor number concepts are, in Piaget's terms,

. operative. L -

In-the experiﬁents discussed in the .preceeding paragraﬁﬁﬁ'most
. . L A~ St R

investigators required the child to make verbal jpégments of length

’
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and nnnber. In the following experiment the author asked.cnildren 3-5 ’
to make nonverbal relational discriminations of length and number on
disecrete arrays ot three to four dots. The intention was to determine
whether on discrete arrays under conditions which did not depend on the
child's understanding words such as "more" and "longex", a child found
it easier to make length or number disérininations. It seemed possible
that on this type of task, children in the 3-5 age ranée might. find
length discriminations easier. However, certain age related effects
were anticipated: The younger children, 3-4, might find length
discriminetions eesier than number discriminations. However,:the
older children (4-5) could find number discriminations easier than '
lengtn if an increaeed:facility with number made tnem:disregard
endpoints. ’ ‘ R P

The second main issue of interest in the experiment had to do

with asymmetry in positive and negative dimensional terms. Section

BN

. three of the introduction reviewed a number of studies which showed .

that young children's comprehension of "less" (a negative term) lagged
behind their comprehension of more" (a positive term) (Donaldson
and Wales, 19703 Klatzky et al., 1973 Palermo, 1973) There is also_

some evidence that such an asymmetry may exist in the case of other

terms such as "longer"-“shorter" "bigger" - "smaller", etc. ¢E. Clark,

1972' Siegel 1977). Experiment Four in this thesis provided only

weak evidence for a lag in children 8 comprehension of "less" relative

T -

to morev, and no evidence for such a 1ag in the comprehension of

-

shorter relative to "longer . There was, however, e difference in

-
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the way children were wrong on the two terms "shorter" and "less".

When -errdrs vere made on "less" many of the children apﬁeared to be

guessing. When e;rors were made on "sho£ter" many of the children

appeared to be using the numerical strategy incorrectly but consistently.
Klatzky et al. (1973) have argued that the lag in the comprehension.

of the negative term "less" may reflect a basic cognitive difficulty.

They suggested that the usual standard for a comparative judgment is

"the small one". To have to evaluate '"the small one" requires that

* the child use an unnatural standard, "the big ome". They have.presented

evidence og a noﬁyerbal task to sup%ort that claiﬁ for "less".
: - :

‘Holland and Palermo have disagreed with Klatzky ét al. They have

presented evidence that children cdn learn "less" very rapidly,which
. , T

argues against a basic cognitive problem. They~;£éfef;aN££equency
) . ‘ _—
or bias interpretation of the "less" phenomena: Children hear the

negative term iess‘frequenfly (1973). Howévef, if either .the Klatzky et al.

or Palermo arguments are.true one would expect to find a lag in non- °
verbaf_relational discriminations of "“shorter" as well as '"less".

Piaget's theory, however, would allow a different prediction ‘for

-

»

"shorter". N

According to Piaget's theory very young children's spatial .

" concepts are~togologicall& based. If.the child has to.cémpare rows

of discrete items, the shorter row, in relation to any longer row of
. ) . o '
the same -number or fewer items, will possess the topological feature

of "heaping" (Piaget, 1967). Consequently one might find "shorter™

‘an easier relational discrimination than "longer". .o

A
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To assess the possible asynmetries on the relational concepts of
"more", "longer R 'shorter", and "less", the author asked children to
make two of the possible four relational discriminations on the
nonverbal task. This enabled a refinement of the first question on
the relative ease of length and number discriminations, for in light
of the arguments on asymmetry, relational discriminations of the
positive or negative poles could be different. Different.outcomes
seemed possible' First, the children might perform in a similar
fashion on positive and negative terms on a dimension When the task was
nonverbal. This vould indicate that the dimensions were perceived
in both tneir positire ano negetive aspects but that possibl& there
. ) . o
tould be some lag in the attachment of percebtions and strategies\to
words. Second, the children might make more errors on both "shorter"
and "less" relative to their respective positive terms. Third, the
children might make fewer errors on "shorter" than on “longer". In
rel&tion to age then: Younger children might find any length diécrimi;
nation easier'than any number discriminatien, but there.are'alternate
prediotions,for whether they might find "shorter" easier or‘pore
. difiicult than "longer". Oider children might find any number
discrimination_easier than any length discrimination on di{ffete

arrays. However, there might be no difference in length and’ number

discriminations at this age if numerical strategies do not interfere

with endpoint strategies. Possibly "1eed™ might lag behind "more R

“longer", and “shorter", if it is a more difficdlt concept without

v -

"ghotrter's" advantage on discrete arrays. . .

~
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The thixd majon concern in this expegiment was to enplore a
number of questions on the relationship between language and thought.
In order to assess this relationship the author required that each
child do the standard verbal task used in the previous experiments. .

The‘mqst generdl question concerned how ; child's success on the
verbal task related to his succees on the nonverbal discrimination
task. Some of the many issues in this area were discussed extensively
in section thnee of the introduetion, others in section four. The
conclusion there wes that the evidence supported a "loose" dependency

h&péthesis.‘ ﬁ high degree of success on a quantitative task such

. as conservation psuaily signals a high degree of facility with relational

N . _ .
eeins,(Sinclair de Zwarty -1969; Harasym et al., 1971)., However, some

chiidren éucceed on quantitative tasks who fail to comprehend relational

terﬂs correctly, and some fail who do seem to understand the terms. .

It sFemed possible that the degree of dependency between the cognitive

i
and erbal domains mightryary for the length and number concepgs. The

arg ment was made that the, length. concept has a basic perceptual

%
conFonent which makes discrimination easier on that dimension than on

-t

nuﬂber. If that is so,the dependency between success on verbal and

nonverﬂal tasks requiring length comparisons might be less .than on

Jzasks requiring number comparisons. If the more complex concept

emerges later, the closer dependency of number strategies and. language

»

could reflect either a parallel increase in lingu%stic and cognitive

~competence with age, or.the reliance of higher order -donceépts on

o
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One of the specific roles pronosed for language in thought is
the role<of mediator. Kendler and Kendler (1969) argued that when . <~
a child had a label for a dimension, he fonnd,it easier to make two
successive discriminatinns on the same dimension (the, reversal ahift)
than on different dimensions (the nonreversal shift). Thistheory
waa,discussed.in seéction five.. Two factors which relate to performance
in the shift'paradigm are the age of the child and dimensional
preferences. | '

Prior to the age of six,children seem to find nonreversal shifts
relativel& easier than reversal shifts] so do white rats. After the
age of six,children seem to find‘reversal shifts relatively easier’
than nonreversalfshifts. ‘This 1is like the performance of the human
adult. .The explanation effered for this phenomena is that prior to
the age of six,linguistic, mediators are not actively available'to the
child. There are individual differences, however, some children

perform like adults earlier than other children. With respect to. oy

preference, children find discriminations easier on preferred dimensions
(éuchman and Trabasso, r9665 ' : .

In this experiment ‘the author wished to’ determine whether\young
children found it easier to make a reversal shift (e.g., "more" to
"ess", or "longer'" to "shorter“) than a nonreversal shift (e.é., "more"

to "longer"), and whether any age or preference factors were operating'

in the learning of the discriminatfons. The standard’Verbalvtask

allowed an - estimate of ‘the availability of specific dimensional labels,_'

‘ and of atrategy bias, or dimensional preference.

-,
<
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The fourth quéstign was: do linguistic medi;tors primarily tag
aéecific dimgnsi;ns, for e#ayple, number; or do they primarily tag
_poiés, for example, "big" or "small" in relation to which dimensional
Strategieé ﬁre altered. ihis question related botﬁ to the issue of
asymmetries aéé the hatgre of the linguistic mediator. Baron (1974)

v, . .

has'argded that prior to the diffefeqtiation of the length and number
concepts,fhe child may possess a concept of "bigﬁess"ain relation to‘
whicﬂ;d;mensiopal siraﬁegies are altered. Siegel (1977a) has evidence
that in botﬂ linéuisqic cbmprehens;on’and production the child's
adeptness.wifh'“ﬂig" precedes his adeptness with "small', According
to Klatéﬁy eéﬁal. (1973) judgmenté’at the pogitive‘gple are easier
than judgments’at the negative pole because "the small one" is the
natural standgrd. Given the above arguments and evidence, an outcome

which showed that children this age were better at a nonreversal shift

then a reversal shift would not require a "white rat" type interpretation,
. L q

. ‘ .
i.e., the children lagk active mediators. Rather one might argue that-

the medigto%s weré possibly.of the more general variety such és hbig"
or "sm;llh;.andithat'once a standard for judgment was sét, it was |
easier to stay with that standard than té ;witqh.. Also, evidence that
a shift from "less" to "more" o%,ﬁshofter" ﬁé "Ioﬁget" was easier
thanfa shift fromh"m;re" to "less".or "longexr" to Mshorter" would
provide some suppo}t for Klatzky e£ al's, ﬁ1973) position.

‘ Iﬁ—summayyr- In'oﬁger to.explo;e the issues out;ined above;the

“
Y

experimenter gave the children in this eiperimént a nonverbal

discriﬁination task and the standard verbal task. These taéké were

o
¢ - ’ (3
? i - .
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given on two eeparate occasions., In tueinonveroal task the children .
were glven the opportunity to learn twonof the possiole four relational
discriminations, "more", "less", "longer", and "shorter". (Iu-the
' verbal task the children had to judge all four terms.
Method

Sixty subjeets were tested who ranged in age from 3.1 to 5.3 with
a median age of 4.4. There’wefe 29 males and 51 females. The
children in the study were attending private or cooperative preschool
nurseries and were predominantly of middle~c1ass background The
author tested each child individually on two separate occasions with
two tasks: a verbal task' and a nonverbal relational discrimination
task.
Thirty-one children received the verbal task first, twenty—ﬁine
children the discrimination task.
Verbal Task )
~erbal tasx 2 ‘

The verbal task was, comparable to that employed in Experiment Four,
i.e., the experimenter asked the ehild to make verbal judgments-of~"
"longer", Ymore", "shorter'", "less" on the small set size arrays. The
same small set arrays with the.same configuratious were used as in

Experiment Four. There were 12 stimulus cards 1n all. On six of

these the experimenter asked the child questions using "longer and

“more", on the other 8ix, questions about shorter" and’ "less . The - .-

order wes varied: one half the children received "longer“~and~ ‘more"

3

first; the other half received them second. This was ori. the same

te$t;ng‘day. . L. - v o
. P . v

. . »
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Discrimination Task

-

The discrimination task was nonverbal and required that the cﬁild
learn two successivé discriminations.

The stimu;i were .comparable to those émplofed in'fhe verbal
task, but, since the discrimiﬂation_was relational, on the number
tasks only configurations 2, 3, and 4,.were used; on the length taék
only configuraéionSAZ, 3, and 5. Thi%ty-six cards made up a set so

v

that each configuration appeared 12 times, no two alike in succession.
To balance for numéér;“configuration 5 éppeared in both 3 and Q dot .
forms. To balance for length, configuration 4 gppeéred in differenF
leﬁgths corresponding to the smallest possible density of the four

dots, i.e,, 12 mm. spacing and the largest spread of the three dots.
Four.seté were employed. The "longer" and "shgfter" sets were identical.

1

except for the random order. The same was true of the "more" -

"less" sets.

Tﬁe expe;imenter presented the stimulus cards oﬁia "clowg
designed to provide feedback, (Figure é*l)- Each card was placed in
the clown's hands which were at the child's eye level. Just above
thé card w;s a red light designed as one' of the clown's'buétons. .The ‘
light wae attached to a foot-switch and coulé'be fla;hed when the
child made a correct rfesponse. .

| Thé expe;imentgr told the child that the clown was a happy clown,
. who sh&wed khat he.was very happy byé}fghting up the button. It wgs.'
his "happi" button. The child could maké the.cloﬁﬁ happy by‘doing
something - by.gbinting'to the gooé thing (rdwf on a c;rd.

.
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Figure 5-1

a'l;_ discrimination task.
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Each child had a practice run with 5" x 8" cards on which two
different animal stickers had been placed in various positions above
and below a black line. The experimenter told the child to point to
one of the animal stickers, one of them was good. The clown's button
would light when the child pointed to the good one. When the chilé
pointed to the animal wﬁich the experimenter had arbitrarily designated
as correct the clown's Aight went on and the experimenter said "You
are_éig@;. That is the good one." If the child was wrong the
experimenter said, "You are wrong. That is not the_good one. That
is the good one." The e;perimenter then pointed to the correct animal.
The feedback procedure was comparable to that used in S;periment Two.
It has been.&emonstrated to be an effective procedure in children's
discfimination learning (Bitgood and Jenkins, 1976). Each child was
run to a criterion of.9 out of 10 correct responses. This procedure
‘was designed,to'familiarize the child w}tﬁ the task requiremeptg and
also to break any position hypotheses. Very few of the children
required more than 10.trialé to make this discrimination (N = 2).

| Fo}lowing the practice Erials,the experiménter showed the child
' oﬁe of the standard stimulus configurations andltold him‘thgt now he
had_to’point to the good row. Thg'procedure followeé was ldentical

. &
to that for the animal stickers. The child learned either the "longer", .

“shorter", "more", "ess" -discrimination first. When a criterion of

9 -out of 10 correct in succession was met, or 36 wiﬁhouﬁqguccess, the
o ¢ ' o 3 ' s -

" child was ‘shifted, without notice, to another discriminatior, one

, of the three which he had not had.: On the first discrimination I5

1 . A
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children had one of the fourupoesible discriminations. On the second
diseriminatiOn a group of 15 was subdivided into three‘groups of '
_five. The experimenter assigned toe children randomly.to ooefof

the three remaining discriminations. To illustrate: five of the
fifteen children who received "longer" on the fipst,discrimina;ion,.
received "shorter" on the second, fiveleéceived_"more" and five "less'.
Annattempt was made to assign a comparable'age range"to each.group.

The experimenter always introduced a new set of cards for the
.second discrimination. The same procedures were followed unti; the
child-reached'ninecout'of ten‘eorrect or 36 without success.

Results

In many of the data enalyses only the scores from the firs§
discriminatioo task were included. The reason'for ro pooling.the )
ohild's first and second discrimination soones 1s that this would
have resulted in a mixture of both matc¢héd and independent ;lbjects.
Such a mixture makes statistical enalyéis impossible. The second
discrimination scores weFe analyzed independently when %t seemedg
they might-validate or clarify results'obtaiﬁed from the first
discriﬁination, or when they were directly of interest, as in the
case’ of .the reversal or oonreoersal shift. ‘

Prior to the main analyses of the children's performance on the
nonverbalioiscrimination Lésk it was necessary to determine whe;her
.there were any order effects related to a child's having had the
discrim;nation or veroal task in the first or second session. The

*

Kruskall-Wallis H test ﬁas used to compare the number of trials to
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criterion-on the first discriminntion for the 31 children who had the
nonverbal -discrimination task in the‘first session, and the 29
childrer’l who had it in the second.(Table A5-1, Appendix :’3\, order).

The H (X%) = 1.25, p > .20 was not significant. Table SLi shows the
median number of trials to criterion and the mean ranks (i). A total

score of 36 was possible.

Since there were no order effects it,was po@s{gle to examine
the performance of all the children together on the first discriminatidn
(N = 60). To detefminq[hhether nonverbal discriminations of length
were easier than monverbal discriminations of number, the number of
trials to criterion oa the first discrimination for both length terms was
compared to the number of trials to criterion on both number terms.
The Kruskall Wallis H (X§)= 7.143, p < .01 was significant. Length
discrimination took fewer trials than number discrimination. Table
5-2 shows that the median trials to criterion on length was 12.5,
mean rank 25.02. On number,the median trials to criterion was 36,
mean rgnk 35.98.

T -

The above analysis established that, overall, children found it
easier to make relationZI discriminations on the length dimension *
than on number. Of some interest in this experiment, however, was
whether there were any asymmetries in the four different types of
disériminations. Thgrefore a comparison was made of the number of
trials to critefioyzon Fﬁe first discrimination'for the four types

of discriminations, "longer", "shorter", "more", and "less". There

were 15 subjects wholhad each type of discrimination. The Kruskall

v
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Table 5-1

Median number of trials to criterion and mean rank on the first
discrimination scores by order of testing session.

ﬁonverbal Task

First Session (N = 29) Second Session (N =, 31)

median ;r{als 21 14

-

ﬁean rank 29.32 31.76

n

135
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Table 95-2

Median number of trials to criterion and mean rank by dimension and
discrimination task. (N = 60)

dimension
length (N=30) number (N=30)

First (N=60)

median 12.5 36

R 25.02 © 25,98
discrimination ,

Second (N=60)

median . 26.5 36

R 26.73 34.27

- s e A e
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Wallis H test yielded an H (xg) - 10.756, p < .0l. There was, therefore,

a significant difference in performance on the four types of relational
discrimination.‘
+ Table 5-3 shows the median trialsaFo criterion and mean ranks

o;ﬁthe first discrimination. With overall significance established
it was possible to perform the Protected Rank Sum test to det;rmine
which pairs differed significantly. A z = 1.96, p < .05 was required
for significance. The children who had to make the 'shorter"
discrimination took significantly fewer trials than the children who
had to make the "longer', "less'", and "more" discriminations, z = 3.46,
p < .001.

The relationshiip between age and number of trials to criterion ‘
on the two dimensions and the four possible types of relational

discriminations was of some interest. Therefore, the children were

divided into two groups at the median age (4.4). The younger group

" (children 4.4 and under) had 36 children; the older group had 24.

The Kruskall Wallis H test was used to compare the trials to crite?ion

scores of the younger and older groups of children on the length

and Aumber dimen;ions.' The H (X§)= 10.430, p‘< .001 was significant.
Table 5-4 ﬁfesents the median trials to criterion and the mean

ranks for.the younger and older children on the length and number

discriminations. Figure 5-2(a) illusfrateéﬁthe relationships between

the two age groups on the two dimensions. A series of Protected Rank

Sum tests eomparing the different groups gave the following results:

The older children took significantly fewer trials to reach criterion .

'

H

!
!
H
{
L4
i

1

[r I



188

Table 5-3 ' N

Median number of trials to criterion and mean rank by type of relational
discrimination and ‘order of discrimination task.

A

Type of relational discrimination

more less longer shorter
. (N=15) (N=15) (N=15) (N=15)
First (N=60) Lo

median 36 36 25 10

) R 36.93  35.03 31.97 18.06
R 35.98 25.02 )
order of
discrimination

Second (N=60)

median 36 36 36 24
R 28566 35.53  28.1  25.37
R , 32.10 26.74
\
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Table 5-4

Median number of ‘rials to criterion and mean rank on first
discrimination by-type of discrimination and age.

Q
Age ) Type of Disprimination
' number length
more less longer shorter
younger -
(N=36)
median’ 36 36 19 11 26
R ‘ 47.15  39.94  28.94  21.89 33
median ’ 36 13
X R 43.94 25.44
older
(N=24) ,
- median 10 13 28 10 10
R 16.5  29.43  36.5 12.33 24,
median 11 11

XR . L. 24,04 "26.42
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MEAN RANK 40 T ;
TRIALS TO
CRITERION 30

0 %
3.1 to 4.4 4.4 to 5.3

AGE r— number
length

Figure 5-2(a) Mean ranks for trials to criterion measure for younger
" and older age groups: by dimension (lst discrimination)
60
50
MEAN RANK

TRIALS TO 30
CRITERION

/4 more

AGE

smmm: less

wezzzza longer

.

: shorter

Figure 5-2(b) Mean ranks for %trials to criterion measure for younger
and older age groups by four types of relational
discrimination.
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than the younger children. The younger'children required significantly
fewer trials to criterion on length discriminati;ns than on number.
There was no sigﬁificant difference in performance on the length and
number discriminations for the older children. The younger children
required significantly more trials to criterion than the older children
on number discri@inations. There was no difference between the
younger and older group on length discriminations. Age changes

- .
appear to relate to the improved performance of plder éhildren in
making nonverbal discriminations of nu;ber.
To assess age relationships on the four different types of
nonverbal discriminations, the Kruskall Wallis H-test was used to
v

compare the performance df the same younger and older age groups on
"more", "less', "longer'", -and '"'shorter'. fThe H (Xi) = 24,15 was
significant at p < .0l. Table 5-4 shows the,median number of Erials
to criterion and the mean rank for each type of discrimination for
each age group. Figure 5—3(b)'illust}a£es the relationships.

A series of protected rénk sum tests showed thaé in the younger
group children required significantly more trials to criterion on
"more'" than on "longer" and ;shorter". "Less" did not require
significantly more trials than "mere" nor "longer", but did requiré
significaqtly more than "shorter'. 'Longer" and "shorter" did not
aiffer from eaqh other. In other wo}ds, in this age group the two
length diécriminations did not- differ from each other in difficulty,

neither did the two number discriminations; however, the positive

number term "more' differed sigdifiéantly from both length terms.

[y
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mean ndmber '—-1

of errors 3

3.1 to 4.4 4.4 to 5.3
AGE ——— number
length

Figure 5-3(a) Mean number of errors on dimensional terms for younger
and older age groups

mean number ‘
of errors 3

3.1 to 4.4 4.4 to 5.3

AGE ] more °
ey less
J longer
AW shorter

Figure 5-3(b) Mearn number of errors on comparative terms for younger
and older age groups.
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The negative number term only differed significantly from the negative
length term. In the older age group "longeé" was more difficult than
"more" or "shorter" but not than "less". The only term on which there
was a significant change with age was "more'. The older children
required significantly fewer trials to criterion on "more" than the
younger children; however, the number of trials to criteﬁion decreased
with age for every term except "longer". There appeared to be an
increase for this term,'although this increase was not significant.

In order to assess the general effects of the child's first
discrimination task on his second one, the number of trials to
criterion redhired by each child on the first and second discrimination
were compatred (Tablé A 5-1, Appendix A). The Nilcoxon test for the
difference between two matched locations &ielded az=3.226, p < .001.
Table 5—2»shows the median number of trials to criterion and mean ranks
for length and number on Ehe second discriminations. The Wilcoxon
indicated that the second discrimination was more difficult to
léarn than the first. .

The.overall performance af.the children on length and pumber
dimensions on the second discrimination was compared through the
Kruskall Wallis H test, the H (X?) = 2,7910 was not significant.

The four terms were also compared. This H (Xg) = 3.133 was also
not significant. While the statistical analyses on the second
discrimination were not significant Table 5-3 suggests tha; againl

relative to number, a length discrimination was easier.

To determine whether, having learned the first discrimination,

LY amt an s mewt ok Lacl
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it was easier to learn a second discrimination on the same (reversal
shift) or a different (nonreversal shift) dimension the performance of
those subjects (N=39) who had succeeded on the first discrimination
was examined. Those subjects who received the reversal condition
(N=13) were compared to those who received the nonreversal condition
(N=26) (same or different pole) on a Mann Whitney U-test, z = 2.065,
p < .05, The meQian tFials to criterion of the reversal shift groub
(median = 13) was significantly'lesékkhan*the median trials to
criteriom of the nonreversal shift groups {median = 27). The Rank

Sum test was then used on the reversal shift data to determine
whegher there was any difference in the number of trials the children
required to make a shift from a negafive to a positive pole (N=7), for
example, "less" to "more", than trom a positive to a negative pole
(N=6) for example, "more" to "less". The z = .71, was not significant.

Having established that the reversal shift discrimination was

easjer than the nonreversal shift discrimfpation, the Mann Whitney
U-test was used to make comparisons betweeq th; reversal group and

the two subgroups which made up the nonreversal shift gréuf. The
compg;ison of the reversal shift group (median = 13, N=13) and the
nonreversal shift, new dimension, new pole group (median = 20.5, N=10)
did not yield a significant z., z = 1,80, The comparison of the ‘
differences in the two nonreversal groups, new dimension, new pole
(median = 20.5, N=10) versus new dimension, same pgle (median = 36,

N¥16) also did not yield a significant z. The comparison of the

reversal shift group (median = 13) and the nonreversal group, new

—

»
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4

dimension, same péle, (median = 36) gave a signifi;ant z, z = 2.149.
In other words, from easilest to greatest difficulty in ghe shift:
reversal shift, same dimension, opposite pole; nonreversal shift,
‘new dimension, different pole; nonreversal shift, new dimension, same
éole.

go determine whether there was any tendency for younger children
to find the nonreversal shift easier than the reversal shift, and
older children the reversal shift easier than nonreversal shift, the .
children in the reversal and nonreversal groups were divided into
the younger and older age groups at the median (4.4). The Kruskall
Wallis H (X§)= 5.51 was not significant. Both the younger and older
children found it easier to make the reversal shift than the nonreversal
shift,

Of some interest in this study was the possible relationship
betwéén verbal and nonverbal performance. As stated previously
there was no evidence for order effects on the discrimination task,,
that is, the children's performance on the discrimination task did
not appear to benefit or suffer from their having the verbal task in
a.prior,or a subsequenf session. The comparable question for language
was whether children's performance on the.verbal task improved or
deteriorated as a result of having had the discrimination task. A
t-test for independent samples compared the error scores of the before
‘and aéter group on the word which was relééed\to the first nonverbal
discrimination task (Table A 5-2,.Appendix A). The t = 1.48 was

not significant. A t-test was also performed on the combined error
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_data for both words related to both discrimination tasks for the

»

‘before and after groups. The t = .54 was not éignificant. In

additionm a Wilcoxon test for matched samples was used to compare the
children's performance on words on which they had practice with those
on which they did not have practice. It too was not significant.

There was, thgrefor&, no evidence for any order effects of session or
: - »

within subjects effects-of practice. Table 5-5 presents the means

for both tye t-test comparisons. The tetal number of poésible errors.

for one word was 6, for two words, 12.

o

T& allow for a group comparison of the children's performance
on the same comparative terms which they had en thé first nonverbal
discrimination task, and to evaluate the effects of age, a treatment -

by levels analysis was performed on the number of errors a child made

on the critical term (Table A" 5-2, Appendix A). Level was the age of

the child in relation to the median (4.4). Therelﬁere two levels;

v

younger, 3.2 to 4.4 (N=36); older, 4.4 to 5.3 (N=24), These were the

same age groups as in the nonverbal relational analyses. Treatments

4

was the number of errors the child made on the comparative term which

was the same as the first nonverbal discrimination task which ‘he ﬁad.
For example, if a child's first nonverbal discrimination was "longér",
the score used in the analysis of the verbal task was thé number of
errors (6 were possib1é5-he'made in response to the question "longer".
There were four trgatmeﬁt groups then: '"longer", "more", "shorter",

-

and }'less", with 15 children in each group.

-The treatmént x level analysis yielded a significant'effect,of

>
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s Table 5-5

Mean number of errors on words related to nonverbal discrimination task.

~y -

Verbal Task
First session (N=31) Second session (N=29)

mean number of ‘
errors on term

related to first 2,6129 2.690
nonverbal discrimination

-~

d

mean number of

‘errors oh both

terms related ) 5.586 . 5.323
to both nonverbal

discriminations

= o
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age, F(1,52) = 6.612, p < .005, nd an F(3,52) = 2.78 for question.
The F for question for 3,50 df is 2.;9, p < .05, and for 3,55 df is
2.78, p < .05. Since the df {GT™ghe F(3,52) was between 3,50 and
3,55 it was taken as significa tv;; p < .05. (Source Table B 5-1,
Appendix B). The means for thé\ége groups and the terms are presented
in Table 5-6 and illustrated in Figure 5-3(a) and (b). A total of
6 errors was possible on each term.’ The younger children made more
errors than the older children. The Duncan's Multiple Range test,
p < .05, showed t@at the number of errors the children made in
response to questiins with ”mgre" and '"less" was significantly greater
than the number of errors they made in response to questions with
"longer" and "shorter". The two number terms did not differ
signifiéantly from each other, neither did the two length terms. The
reduction in errors with age wés attributable to a éecrease in errors
in response to number questions. There was no change in length
questions. L

A comparison of the performance on the verbal and nonverbal task
via Eables 5~3, 5-4, 5~5,5-6, and Figures 5-2(a) and (b), 5-3(a) and
(b) indicates that on both the nonverbal and verbal tasks lengfh
Jjudgments or discriminations result in fewer errors than number
judgments or number discriminations. Responses to number questions,
and nonverbal relational discriminations of number, improved with
age. There were several differences in groué performance on the

verbal and nonverbal task. On the verbal task "shorter" did not

result in fewer errors than "longer", as it did on the nonverbal task.

(s



Table 5-6

Total number of errors and means on critical terms according to age.

critical term

199

age
number length
more less longer shorter
(N=15) (N=15) (N=15) (N=15)
younger
(N=36)
total 36 33 2&{ 19 108
N = " 10 8 9 9 36
mean 3160° 4.125 2.2 2.11 3.01
mean 3.86
older
(N=24)
total 10 15 d 13 12 50
N = 5 7 . 6 6 24
mean 2.0 3.20 ' 2.2 2.07 2,08
2.6
Total 46 48 X 33 31
N=15 ,f’> . ’
me « 3.06 3.20 2.2 2.07
Tothl 94 . 64
=30
mean 3.%3 2.13
Grand Total 158
N = 60
Mean = 2.63 . ‘
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Also, on the verbal task the oldrr children did not make more errors

. |

in response to "longer' than to "more” as they did on the nonverbal

task. %

The above analyses of group performance did not provide any

direct measure of the nature of association between a child's perform- i
ance on the verbal and the nonverbal tasks. Several different
analyses were therefqore undertaken to attempt to illuminate that
relationship: first, an analysis of the relationship between guesser
nonguesser classification on the verbal task and perfofmance on the
nonverbal task; second, an examination of the association betwegn
success on the two nonverbal relational discriminations and the
>

comparable verbal tefms; third, an analysis of the relationship
between a child's bias as indicated on the verbal task and his
performance on the noaverbal task.

As in the previous experiments the children were classified as
. gueésers or nonguessers according to their performance on the six }
questions asked on the coggruent stimuli in response to questions
with "longér" and "more" (Table A 5-3, Appendix A). The criterion
was set at 4 out of 6 correct responseg. The number of guessers
according to this criterion was 23, the number of nonguessers, 37.
A Xi = 3,86, p < .OS.iﬁQicated that.therg was an assoclation between
guesser, nonguesser classification and performance on the first

discrimination. . The nonguessers were more apt to pass the first

discrimination task (28 out of 37); the guessers were as likely to

fail as to pass (12 failed,

11 passed).
:\ .
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To assess the relationship hetween age and guesser-nonguesser
categ;ry a median split test for age and category was performed.
This yielded a Xi = 25.9666, P <..001. Guessers were very d4¢t to
fall below the median age (4.4), whereas nonguessers appeared to be
distributed across the entire age range.

The above analyses of guesser-nonguesser provided some information
about the relationship between the verbal and nonverbal task. Namely,
a child who could make the ''same" comparative distinction on a verbal
task would probably make a relational discrimination of number or
length on a nonverbal task. The child who could not make this
distinction on the verbal task was as ‘apt to pass as fail on ja non-
verbal-task. However, a child could be classified a guesser or non-
guesser and fail to understand one or both of the linguistic terms
which related to his own discrimination tasks. Consequentiy, the
following analyses were carried out to determine whether success on
a particular tefm or terms related to success on that discrimination
task;

To determine whether the deg;ee o0f success on the language task @&
was associated with degree of success on the nonverbal tasks, a
complex Chi-square analysis was carried out. The variables ;ere
success on the discrimination tasks and. the related verbal terms.
There were three categories of success on thé nonverbal discrimination
task: pass both discriminations, only one, .or neither. Success on
the related comparative term was defined by.acpieving a score of four

out of.a possible six correct answers in response to questions on both

s
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the congruent and incongruent configurations. There were three ~*

categories here also: pass both terms, one term only, neither. The

X2 = 11.195, p < .025 was significant. The contingency coefficient

4 A
was equal to .39. This result indicated that there was a relationship l
between the two variables such that degree of success on one task q;\\\\& g
related to the degree of success on the other. . \ ;

To assess any differences in the nature of the association
between linguistic performance and pass—-fail on the discrimination
task for the length and number dimensiops the.author carried out
separate chi-square analyses for the length and number groups.

Thirty children had a number discriminationsfor their first discrimi-
nation. The criterion for success on the l;;;;;;E‘?Egk wasxagéin
four out of six correct,

2

A X] = 4.999 for the pumber group indidated that there was a
significant association between success or failure on the number %
— .

discrimination tasks and success or failure with the comparable

St

term on the verbal task. Fourteen of the thirty children passed the
discrimination task, nine passed'the language task. The children who

passed the language task weére also likely to pass the related

discrimination (7 out of 9): the children who failed on the language .
task were also apt to fail on the related discrimination (14 out of 21).
Children who passed the discriminafion were equally -likely to pass or

fail the language task (7 passed, 7 failed). Children who failed the

related discrimination task were very likely to fail the related

language task (14 out of 16). The Xi = .86 for the length group was

™
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not signifiéant. Twenty~five out of thirty children in this group
passed the discrimination, 19 passed the language. Generally, then,
performance was better on length, than on number, but there was no
language'discrimination associétion for ledgth whereas there was
one for number.
The final measure used to assess the relationship between verbal
and nonverbal performance was the measure of the child's response
bias provided by the language task. For the purposeg of this
experiment the child's bias was assigned on the basis of his performance
on the incongruent configurations in résponse to the questio;s "longer"
and "more''. The cﬁild's responses on the incongruent configurations
can be classified as either correct, unexplained, or due to the use
of a 1ength‘o£ number strategy (Table A 5-3, Appendix A). The
scoring procedure was outlined in Lawson, Baron and Siegel (1974),
Baron, Lawson; ahd Siegel (1575), and in Experiment Three. A child
who made two or three correct judgments of "longer" ané-at least
two errors in response to '"more', %#hich could be attributed to the use
of a length strategy, was judged to have a length bias. The reverée
procedure was used to.caﬁegérize a ;hiid as possessing a number bias.
According to'these criteria, there were 9 children who had-a number
-bias; 14 who Qad a length bias, énd 37 children who had no apparent
bias. The no bias children were not included in fhé following analyses.
-A Rank Sum test was pérformed_on the frials to critérion-data_

from the first -discrimination in order to compare the performance

of the children who had to learn a discrimination against their bias. ;

-
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(N=11) with the performance of thevchildfen who learned a discrimination
in the same direction as ’their'bias (12). The z = 1.416 was not’
significant. The Rank Sum test was also performed on the trials to
criterion data on the second discrimination. The z = ,66 was also
not significant. Table 5-7 presents the medians and mean ranks for
both the first and second discriminations. Whiie neithert; was
significant, the results on both discriminations suggest that a

bias toward a dimension observed in a verbal respoﬁse will have some
predictive value fqr performance on a nonverbal task. Children will
elther find it somewhat easier to learn a nonverbal discrimination
in the direction of their bias, or, they will find it more difficult
to learn 'a discrimination against it.

It seemed possible that the éffects of a child{s learning a
discrimination against, or in keépinghwith his bias, could be different
if the bias was toward length or number. Throughout the preceeding
agalyses, results had suggested that length, as defined by end points,
was an eagier discrimination. It might not be‘as difficult to learn
a discrimination on this dimension even if it was against one's bias.
On the other hand, num;er appeared throughout to be a more difficult
dimension. :Possibly'then, it might be relatively more difficult to
learn a &iscrimination on the number dimension part}cularly if one
had a length bias.l éonsequently, tﬁe 23 children were divided into
four groups:number bias, (N=9)‘with and against; length bilas (N=14)
wiéh and ag;inét. Two separate Kruskall-Wallis analyses were done

o -

on the €rials to criterion on the first and second discriminations.
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Table 5-7
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Median number of trials to eriterion and mean rank for discriminations
learned with and against bias (N=23).

discriminations

first
’ median

mean R

second
median

mean R

with bias

21 (N=12)

10.08

27 (N=9)

10.8%

against bias

36 (N=11)

14.09

36 (N=24)

12.75



The H (xg)

H]

The H (Xg) 5.06, p < .20 on the second discrimination was also not

significant. Table 5-8 presents the medians and mean ranks for both

206

6.30, p < .10 on the first discriminationwas not significant.

the first and second discriminations according to type of bias and type

of discrimination. Although the résults were not significant they
are in the same direction on both discriminations. Children with a
number bias seem to perform equally well on length and number
discriminations. They seem to perform just as well as the children
with a length bias perform'on a length discrimination. The poorest
performance was given by the children with the length bias who were
required to learn a number discrimination. A child who indicates a
Sias'toward number in verbal‘tasks may have little difficulty with a
nonverbal or relational discrimination of length or number. A child
who shows a bias’towarq/length in verbal tasks may have difficulty
with a nonverbal }elatiénal discrimination of number.

Both Piaget's theories of numbe% and length, and findings in the
research literature, including those in this exper;mené, suggest that
the use of the end point %gpg&h strétegy to.evaluate both spatiai and
numerical quantities will precede the use of a numerical strategy.

Consequently, one might expect to find the children with.a length
bias relatively younger than the children with a number bias. A
Maﬁn Wﬁitney U test was used to compare the ages of the children in
the'number bias group with those in the length bias group. The 69-
lb = 25, was significanf at the p < .05 level (two-tailed). The
children in the number bias group were significantly older (median,

4.11, range 3.8 to 5.3) than the children in the length bias group

~
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Table 5-8

Median number of trials to criterion and mean rank for discriminations
learned with and against bias. Subjects classified according to type
of bias. -

bias —» number (9) length (14)
discrimination
order ™~ type number  length number  length
N
first
median 11.5 13.00 36 30
R 9.17  7.33 16.63  11.00
second (
median 17 16 36 28
R 8.83  8.00 15.19  10.83
. .
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(median age 4.2, range 3.5 éo 5.2). ///

Discussion
A number of findings in this experiment lend some support to
Beilin's argument that the length concept possesses a more primitive
perceptual component than the number concept (Beilin, 1969). TFirst,
children in the age éange 3-5 found it easier to learn a nonverbal
relational discrimination on the length dimension than on the number
dimension. Second, on the verbal task children made fewer errors in
response to questions employing a length term than a number term.
This may indicate that at least some aspects of the referents for
length terms are more easlly perceptible than the referents for
number terms. Third, the bias results from the language task suggest
that length discrimination may be unaffecteé By a child's strategy
. bias to number, whereas number discrimination may'be affected b§ a
child's strategy bias to length. Such a‘result méy‘indicate either,
that length 1s a more compelling dimension perceptually, at least at
a certain stage in development or, tﬁat number req;ires.an additional,
more difficult operation which children lack at a certain stage in

development. For these children (those with a consistent strategy

bias toward length) length becomes the only cue for quantity judgments.

Finally, the relationghips between age and performance on both the
verbal and nonverbal task, and age and bias suggest that length (as
defined by end points .alone) is an easier dimension. Younger children

are able to perform as well on length judgments or discriminations as

older chiidrén and .they are more apt to have a length bias than

3
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older children.

While the above findings do provide some support for the argument
that length possesses a more primitive component than number, that
argument must be refined. The refinement is necessary to take into
account significant asymmetries in the children's dis¢riminations of
positive and negative poles. Over the age range of this experiment
"shorter" was an easier discrimination than "longer". While this was
the direction of the relationship for these two terms 1in both age
groups, it was in the older group that the difference was siggifichnt.
There was no evidence of an asymmetry in the positive and negative terms,
although the decrease‘in the number of trials to criterion with age
was significant for "more', but not for ""less'.

Surprising was the ease with which even young children learned

_the "shorter" discrimination. In light of the fact that the "longer"
and "shorter" sets were identical such a finding provides support for
Piaget's proposal that young children's spatial concepts are initially
topologically based (Piaget, 1967). The "shorter" row which‘is more :

"heaped" (or dense) possesses a topological feature which the "longer"

N
N

tow does not. The findings do not support Klatzky et al's (1974)

position that judgments of tge "small one" are intrinsically more
difficult than! judgments of the "big one". At least on thi; type of
task there is no evidence for a cognitive d;ficit argument to explain
asymmetries in comparative terms. That does not preclude the possibility
that such a deficit might operate in the linguistic domain. Semantically,

and in terms of syntactical requirements negative terms are more
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complex than positive terms (H.Clark, 1970). Such complexity could
result in a lag in the attachment of the proper referent or
appropriate strategy to the word. 1If that is the case, the cause of
a—lag in the comprehension of a negative term may have to be sought
in the linguistic context itself.

The only discr;hination which appeared to increase in difficulty
with age (relative 'to the other discri@inations) was the discrimination
of "longer'". This may indicate that as children get older they pa§ .
less attention to end points. This would make it more difficult
for them to maké length discriminations. However, the bias results
do nét suggest that having a strong number bias causes an increase in
difficulty in length discriminations. This questioﬁ requifes‘further
study. . N

The preceding discussion has dealt with the first two questions
outlined in the introduction. The third question was concerned with
the nature of the association between the nonverbal discrimination
task and related language. Various results suppor; the "loose'
dependency hypothesis discuéseé in the iﬁtroduction. First, the
degree of success which a child ﬁad oA the two discrimination tasks
was associated with the.deéree of suceess he had on the two verbal
tasks, Second, if the child was at least able to make the."same -
coﬁparative" distinction (was a ndnguesser), or cohld answer questions
employing a particular quantity term reasonably well, he was Qery apt{

to learn a related comparative concept in a nonverbal setting.

However, the presence of "appropriate language'' did not always appear
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to be essential for success on thn discrimination task. While some

EN

children' answered questions rather badly, they seemed to have non-

[N}

verbal concepts_ef "more', '""longer'" and 'shorter" availagie, for they

1earned relational discriminations appropriate to these concepts.

In this particular experiment this '"loose dependency' may result
¢ ]

from certain differences between the verbal and the nonverbal task.

.

Thé nonverbal task requires only a judgment of inequality, while the
;erbal task implies the need for both a judgment of equality and
inequality by virtue of the form of the'queégion asked, "Are the rows
éhe same length or is one longer?" There is evidence that equality
judgments are more difficult than inequality judgments (Beilin, 1969);
thé}efore,;ne might expecﬁ the monverbal task to be easier Fhan the
vérbq} task for this reason alone. There could be other reasons also.
For example, Siegel (1977b) has evidence that young children may

d: less well on a task with more language cues than on a comparable;f
task with fewer cues. Language cues may confuse young children in
soée situations.

~

There were also findings in this experiment that suggested that

)

the nature of the assoéiation between the nonverbal disczimination
task and related language was different for the length and number ¢
concepts, at least in this age range. For length,the association
between success and failure on the discrimination task and on the
;erbal task was not significant. This associationvwas significant

for number. The closer association for number may reflect a greater

.degree of cogﬁitive—linguistic dependence for .number. On the other




e AT vl T eI ST T 0T

P e - IR 1O

212

hand it may simply reflect some parallel emergence of cognitive and
linguistic skills with age.

The findings on the reversal-nonreversal shift also bear on the
language~thought question. The children in this study (all under
five) found reversal shifts easier tban nonreversal shifts. There was
no evidence for age changes. These findings are not in the usual
direction of the findings in shift studies. Children in this age
group usually perform relatively better on a nonreversal than on a
reversal shift. However, the dimensions employed in this stud% are
not strictly parallel to those used in the usual shift study. Normally
the dimensions employed are independent, for example, size and colour.
In the case of length and number the dimensions are not independent.
Also, the change from a length to a number (or number to length)
discrim;nations (nonreversal shift) involved the change of one stimulus
card., In the length discrimination all. the rows varied in relative
length, but one configuratigh‘did not vary in number (configuration
five). The number set dropped this one stimulus card (qonf. S) which
did not vary in number and introduced a new stimulus card (conf. 4)
which was the same in length but different in ngmber. This change
eliminates the possibility of purely associative learning on the
nonreversal shift,and researchers have generally used associative
learning to explain the young child's relatively superior performance
on the nénreversal shift. (Kendler and Kendler, 1969).

One might argue that the reversal shift children did benefit

from possessing a specific mediating term for a specific dimension.
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However, at least on the first discrimination task 32 of the children *
‘passed the discrimination task who failed on the appropriate verbal
term. Eight of the thirteen children in the reversal ;hift group did
not meet the criterion for success on the verbal term but only two of
them failled to make the shift. However, given that the verbal task
was both relational and absolute, and the discrimination task relational
only, it is possibi; that some of the children who did not pass the
criterion did possess a relational understanding of the term, for
example, "longer'", while not possessing a notion of 'same".

In order to study more fully theleffect of dimensional preferences
on reversal and nonreversal shifts it would probably be best to get
more data on just two terms, for example, "longer" and "more". The
range of scores on the incongruent stimuli in this study was fairly
small. However, the results do suggest khat a verbal evaluation of a
child's predominant response strategy, if he hag one, will help predict
his performance on a nonverbal. task. If é child is biased toward
length, he will perform poorly on number but well on length. If he
is biased toward number he will perfo{m well on number but there will
be no negative effect on lengtg. It might be recalled that in Experiment
One, the child's strategy bias on the verbal task was a good predictor
of his performance on a conservation task. The findings in this
experiment are in general agreementuwith those from other discrimination
learﬁing experiments (Suchman and Trabasso, 1966) which have demonstrated
improved performance on a preferred dimension.

Q

The fourth question raised in this experiment concerned:- the
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specific or general nature of the mediator in the shift and the issue
of asymmetry. The order of difficulty on the shift: same dimension,
«'spposite pole; opposite dimension, opposite pole; opposite dimension,
same pole, suggests that if a child had an appropriate strategy and
identified the criterial dimension, he found it easiest to maintain
his strategy and swit;h poles; i.e., "big" - "small", or "small" -
"big", when the feedback indicated a new task requirement. Perhaps
thg order of difficulty reflects the following. If a Qtrategy (either
numerosity or end points) is working, stay with it. When the feedback
changes, test out the opposite pole on that dimension (the reversal
shift). If when the feedback changes and you switch poles, your
strategy does not work, stay at the new pole and switch strategy (the
nonreversal, different pole, different dimens;oh shift). 1If when the
feedback changes and you switch poles and your strategy does not work,
and then you switch strategies and this does not work,switch poles
(the nonreversal, different dimension, same pole shift). There was
no evidence that it was easier to move from a positive to a negative
pole, or a negative to a positive pole. |

The implication of this model then is that poles do not operate
as dimensions. The"big—smallndistinﬁ?ion operétes only in relation
to a specific dimensional stratégy s as ‘the testing elemen; in any
quantiéative Jjudgment. The conservative aspect of ‘a quantitative
Judgment for a child wﬂo possesses a strateg§ will be his strategy.

This may reflect a developmental order. The first quantitative

distinction a child makes is the "big" - "small" distinction, where-
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after he acquires various specific quantitative strategies. These
results support the idea of a specific mediator, for example "number",
"length", rather than the’?ﬁga of a general mediator of the "big-small"

variety. g .
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Experiment VI

In Experiments 1 to 5 in this Series the experimenter asked the

children to make judgments of length and number on rows of dots on cards.

These experiments have established that on such a task young children

-

may operate with a strategy bias which depends, at least in part, on
set size and the age of the child (Lawson, et é!., 1974; Baron et al.,
1975). 1t appears that such strategy biases are: resistant to some
irrelevant changes in a set (Experiment 3); attached in some cases
to both positive and negative comparative terms &Experiment 4)
possibly related in’some way to a hierarchy of discFiminability'
(Experiment 5). In th; following experiment the author explored with
some new taskg three areas of corcern which related, at .least in part,
to the issue o6f the validity of the findings obtained in the previous
experiments. |

The firs£ concern in the following experiment was to try to
determine whether strategy bilases migﬁt be found in a task requiring
iength and number judgments on real objects such as toys. For
example, if the'exéerimenter asked children to judge the length and
number of two rows of beads, or boxes, or cars, arrang;d in fhe same
configurations used ig®the verbal task, might strategy biases appgar?

In gdﬂition might 4t be possible to demonstrate Some éystematic'

< . . -
relationship between a child's strategy biases on the task with real

»

objects and the 'standard language task which used cafds with rows of
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dots. The issue might be viewed as one of establishing some écological
validity for those cognitive érocesSes which have been under study
here. Recently, b;th cognitive and developmental psyéhq&ogists have
raised the question of the generalizability of concept tasks which
employ highly abstract dimensions (Brooks, 1976; Rosch, 1976).

The second issue arose in part from a concern with ecological
validity, and in part from somec theoretical aspects of Piaget's
theories of length and number. In the real world,children acquire the
ability .to fit a discrete set of objects such as blocks into an
appropriate, conceptually related, objéct‘such:as-a box (for blocks):
The child's experience with space and différent numbers of objects
~ should teach him that "more'" objects require "more' space. "More"
can imply "longer". He must alsé léarn (throuéh acquiring number
operators) that the extent of a row of objects has nothing to do
with the numerical value assigned the set of objects. For example,
four dinky cars in a row always make a longer line than three dinky
cars in a row (when placed bumpér to bumper); however, the spatial
extension (length) of a row of Pinky cars never determines the
numerosity of that row. In the real world,length can be a reaéonably
good estimator for number; numbers of objects can also provide a
good estimator for‘length (or space). )

The theoretical aspect of the above has to do with the.relationf
.ship in Piaget's theory between the operations which enable length
: judgments‘according to end poi;ts,-and those which permit unit

measurement. The measurement operations require the ability to use

[

PPN

W"’.



.~ 218

an arbitrary, repeated unit. Tbtis requires numerical operatiéns.

Only when the measurement and end point (order) operations are fully
coordinated will the child conserve length quantitatively} Results

in Experiment Four showed that the children who used a ‘numerical
strategy to judge the length of a row of discrete objects, were quite
able to use an end point length strategy.to make a judgment of
continuous length. Apparently, the end point and numerical strateéies
were not coordinated in these children. 1If, however, one could
demonstrate that children who weére skilful with number (incluyding those
Vhé used number to judge length on discreteqobjects) were better at
assigning a row of discrete objects (such as dinky(caps) to the correct
object of continuous length (such as a trailer truck), one might

argue that at some level the measurement and end point operations were

coordinated.

The recognition that real rld experience teaches that the number

the length of rows of discrete objects also used an end point strategy,
led thé author to expect that children with a number strategy bias (or
at least with a number strategy available) might do reasonably-well

at fitting a row of discrete objects into, or onto, a container of

‘appropriate length. Their "fit" should not be affected by the length

cues of the rows of discrete objects. Children with a length bias,

or children without a systematic number strategy, might not perform as

1See the discussion of the length theory.in Chapter One, section one..
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well on a "fit" task, for they might try to fit the longer row of
discrete objects (cars) to the longer continuous object (trailer
truck) without regard to the number of objects.

The third concern of the author was to attempt to explore young
children's understanding of length and number on someﬁhat different
tasks than those used }n the previous experiments. A major aspect
of this exploration was to be a comparison of the ways in which
nonguessers and gueSSers,‘as classified on the §taqdard language task,
varied ig their perf;rmance on other kinds of quantitative tasks
which required judgments of length and number. It might be recalled -
that the nongﬁessers were those children who seemed to have an under-
standing of the g;sic terminology in the éuestions, that is, they
were at least able to make the "same" - "Comparative" distinction.

The intent -of the following ‘experiment, then, was tozbegin an '
exploration of the validity of th; cogniti&e, developmental, processes
which have been‘under study in this thesis.
ﬁetbod. )

The experimenter gave three diffetrent tasks, in three different
orders to 36 childrén whé ranged in age from 3.4 to 6.4\with a median
ége of 4.11.k There were 18'male an&‘18 female subjects. The children
attended a parochial eiementar& school, a‘private nursery school,
or a day care centre. Each child was seen in&ividually.

Task 1: Standard Lénguage Taék ' -

Task one was the standard language task used in all the previous -

) ,
experiments. The number of stimulus cards was reduced to six to avoid

219
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tiring the child on this one tasl, since the total time required for

all 3 tasks was approximately % hour. The six stimulus cards showed

3 congruent and 3 incongruent configurations (Figure 1-1, Expt. 1), one

on each card. Configuration one appeared in both a 3 and 4 dot form.
The experimenter asked the standard length and number questions about
each configuration. At the end of this task the child was given the
conservation and length discrimination tests described in Experiments
One and Four respectively.

Task I1I1: The Standard Toy and Fit Tasks

On task II the‘experimenter gave the child a series of sets of
individual, identieal, play objects such as beads, blocks, cars and
swans; arranged in two rows in configuratiohe. These were arranged
to cortespond to configurations two, three, four, and five of the
static co;figtrations found in the Standard Language Task (See Figure
1-1). On each of these configurations she asked the thild-to judge
the number and length of the rows of toys using the same questions
as those on the Standard Language Task. This set of questions and
the answers te them constituted the Standard Toy Task.

After the experimenter had asked the child about one of these
configurations she showed him several play- objects, which were ;;,
conceptually related to the toys in the Standard Toy Task. For
'example, after the child had judged the rows of beads, she showed the
child several strings, which varied in lengtb. She then asked. the

child to compare the length of the strings. fbg three of the four

" configurations of toys, the conceptually relateé\biiy objects varied
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only in length: These were string for the beads, boxes for the blocks,
transport trucks fqr‘the cars. On these objects the children were
;nly asked to judéezlength. For the swans, the matching items were
discrete items—nests; consequently, the experimenter asked the child
to judge both length and number.

Finally, the cxperimenter asked the child to fit each of the
YOows éf discrete objects, judged on the stanéard toy task,‘to an
appropriate objecp (in terms of length or number). For example, she
asked the child for the fit between each of the rows of beads and
the strings. For each row o;e of the strings gave an exact fit.
The child indicated the fit by pointingfonly, i.e., he did not place
the beads on the strings. This.part of the task was called the Fit
Task.

" There was an additional task in which the experimenter asked the

child to judge the distance between two sets of two object; (ends
of bridges) and the length of two boards (spans of bridges). She
then asked the chiid to fit the Qppfopriate span to the appropriately
spaced ends. ’ . ‘ -

In all then there were five subtasks to Task II. These were
presented in random order. They are outlined in more detail below
and illustrated in Figure 6-1. 'On the first four subtasks tﬁe judgment
of a correct fit for both rows of objects require§ that the child
nof be misled by length cueé, but use number to estimate the amount

.of 'space required. On the fifth task the child needed to make a

correct "big-small" spatial judgment, on both bridge ends and spans.

21
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(a) beads and strings

0 0O o —
o o @ —_—

(b) blocks and boxes .
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Figure 6-1 Play objects and théir arrangements on the Stahdar§ Toy
and Fit Tasks \
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Subtask:

(a) The experimenter showed the child two rows of beads, one of
four beads, the other of three, arranged as in configuration three.
She asked the length and number questions employed in the Standard
Language Task.- She then showed the child two strings, one short and
one long and asked which was longer. ﬁollowing the child's answer
she asked him/hef to point to the row of beads which fit on one of
the strings, then to pofnt to the row which fit on the other string.
The experimenter designated the strings by pointing.

(b) The experimenter asked the child to make length and number
judgments on two rows of blocks (4 and 3) arranged as in configuration
4. She then asked the child to make a length judgment on 3 boxes

for the blocks» twé the same length, one shorter. The question in
this case was: '"Are the boxes the same length or are some longer?"
if the child replied that some were longer the experimenter asked
whicﬁ were longer. She then asked the child to point to the box
whicﬁ_one row of blocks fit in, then to point to the box which the
other row of blogks fit in. The experimenter designated the rows of
blocks by.poiﬂting. The three boxes’were necessary to allow for the
possibility of the child's using a length or number cue.

(c) The é%perimenter arranged two rows of four cars as in config-
ura@iog,gl! She asked the child to judge both length and nuﬁber. She
N

tben showell the child 3 transport trucks, two of the same length, one

shorter. The same procedure was followed as in part (b).

(d). The experimenter presented two rows of swans, one 4 and one 3, \\\"
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in the configuration 2 formation. She asked thé child to judge length
and number. Then she presented 2 rows of nests in the form of
configuration 3 and asked the child to judge length and number.
Finally ske asked him/her to indicate which rows of swans fit with

a row of nests. The experimenter pointed to a row of nests and asked
the child to designate the row of sQans which fit on it. She pointed
to one row of nests, waited for the child's reply, then pointed to
the other row of nests.

(e) 1In this instance the experimenter sh;wed the child 4 blocks, one
pair spaced more widely apart than the other. She designfted these
as the ends' of bridges and asked the child, "Is one space between

the ends of the bridges longer or are they the same length?" She
thén showed him/her two rectangular blocks of different lengths and
asked him/her to judge which was longer. Finally she asked which
rectangular block fit on which ends, or alternatively which}enas a
rectangular block fit on.

Task IIT: Assorted Tasks for Judgments of Length and Number

Subsection 1: Sticks and Pennies ,

(a) The experimenter showed the child two sticks, one 4 inches (102 mm),

~

\\ one 3 inches (76 mm) long and said, '"Here is a.stick and here is a
. - .
Qiigk. I want to tell someone about thesé sticks. Which is good to
say? This stick is longer or this stick is more?" The experimenter
pointed to the longer stick whiie asking the question.

(b) The experimenter showed thé child two groups of pennies made up

of three and four pennies eacli, in -approximately the following

+
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arrangements:’

She then said, '"Here is a pile of pennies and here 1s a pile of

pennies. Which is good to say: This pile is longer or this pile

has more''. The experimenter pointed to the more numerous set.
In both (a) and (b) the order of the words varied as did the
order of (a) and (b) themselves.

Subsection I11I: Cars

A child was shown a card like that in Figure 6-2. The card had

three rows of cars on it. Row one had four cars which were 25 mm.

long, 10 mm. wide, and separated by 10 mm. The total extension was

130 mm. Row two had 3 ecars, 25 mm. long, 10 mm. wide, separated by

45 mm.

The total extension was 160 mm., i.e., row two was longer than

row one. Row three had three cars, 33 mm. long, 10 mm. wide, separated

by 15 mm. The total extension was identical to row one, but the cars

were longer. In fact the area occupied by the car bodies was equal

in these two rows. Thus, rows (1) and (3) were the same lengthj

rows (2) and (3) had the same number; and row 3 had longer cars, but

r

same body area. .

There were two parts to subsection IIL. They were presented in

ranﬁ?m order.

(a) Production: The experimenter simply showed the child the card

and asked the ¢hild to tell about it. After the child replied, the
experimenter asked if there was anything else to tell. This was

continued pntil the child 'said he had nothing more to say. His
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Figure 6-2:

Stimulus card used in Cars Task
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language was recorded.

(b} Comprehension: .In part ﬁbé the exverimenter gave the child
the fellowing 5 commands in ;anéom order.
(1) Show me the row with more cars.
(2) Show me the longer row of cars.
(3) Show me the row with ionger cars.
(4) Show me the rows which are the same length.
(5) Show me the rows which have the same number of cars.
These questions were asked in random order. Parts (a) and (b) were
presented in random order.

Subsection III1: Make Me a Row.

The experimenter gave the child four pennies and asked him/her
to make a row of pennies. Following this she gave the child a box
containing sixksénnies and asked the child, in random order, to make:
another row the same length; a row which is longer; a row which has -
more pennies; a row which has the same number of pennies. The child's
own standard row was maintaiged throughout, although ié was sometimes
necessary for the experimenter to intervene to maintain it.
Results

The children were first classified as guessers and nonguessers
on the Standard Language Task accordiné to the procedure employed in
the previoug experiments, The criterion was set at 5 out of 6 co;rect
responses on the 3 congruent stimuli. This‘was a slightly more stringent

criterion than that used in Experiments Three, Four, and Five. However,

it was comparable to that used in Experiment One, (Laﬁson, Baron, and
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Siegel, 1974). 1In addition, sin-e the author was exploring the
development of several new tasks in this experiment she wanted to
use a stringent criterion to distinguish guessers from nonguessers.
Eigﬁteen children were classified as guessers, (mediaq age 4.8):
these children made an average of 2.8 correct responses on the
congruent stimuli. Eighteq&pchiidren were classified as nenguessers
(median age 5.2) (Table A 6-1, Appendi* A). These children made
an average of 5.8 correct responses on the congruent stimuli. A
z:\est was performed on the mean number of correct responses made
by guessers and nonguessers on the incongruent stimuli, both length
and number questions, t34 = 4,1339, p'< .001.
Table 6~1 presents the total number of correct responses and
means on the csngruent and incongruent configurations by subject
classification and question. Nonguessers made more correct responses
on the incongruené configurations than guessers, 4.17 compared to
2.50. A total of 6 correct'responses on the incongruent configurations
was possible. Separate sign tests were used to compare the distributions
of correct responses on length, and number questions for nonguessers and
guessefs. The sign test for thé nonguessers showed a significant
difference in favour of number questions, z = 2.6046. The sign test
for the guessers showed no difference, z = 0.0. Nonguessers made
more correct responses on number than length questions. Guessers
performed about equally well (or badly) in response to both types of
questions

.Table 6-2 shows the distributioh of errors for guessers and -
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Table 6-1
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Total number of correct responses and means on congruent and incongruent
configurations on Standard Language Task by subject classification and

question.
Nonguessers (N=18) Guessers (N=18)
number length  number length
total 53 52 21 27
Cong. _
' X 2.94 2.88 . 1.17 1.5
total 44 31 21 24
Incong. -
‘X 2.44 1.72 1.16 1.33 |
Grand total 97 83 42 51
Grand mean 5.39 4,61 2,33 2.83
Congruent total 105 ’48
X 5.83 2.67
Incongruent total 75 45
X 4,17 2,50
-~
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Table 6-2
Distribution 6f errors on the incongruent configurations on the
Standard Language Task by subject classification and question.

Question: Number Length Sum

Error: Length Other (0) Number Other (0)

Nonguessers 4 3 23 0 30/108
(N=18) S

Guessers 19 14 15 15 63/%08



nonguessers on the incongruent stimuli. A total of 108 errors (with
N=18) was possible, 54 on each question. The majority of errors

made by the nonguessers were in response to length quesEions; all
length errors could be attributed to the'use of the number strategy.
Only one child in the nonguessers' group consistently used a 1eng£h
strategy in response to number q;estions. The errors of the guessers
appear to be evenly distributed over the two dimensions and over the
two possible types of errors.

All eight of the'children who were classifiable as conservers
in this experiment were in the nonguesser category. These children
made an average of 1.75 (out of a boss}ble 3) length errors. This
contyasted with the performance of the nonconservers in the nonguesser
category who only made .80 length errors;’ The conservers then were
twice as likely to overextend the number strategy to the length
dimension as the nonconservers.

'On- the length test given in conjunction with the language task
the nonguessers performance was uniformly high, 50/54 correct résponses:
the guessers performance was not as high, 39/34 correct responses,
Eleven of 15 er%ors were in response tq the array which presented two
lines of the same length (Table A 6-2, Appendix A). A Cochran's Q.
_indicated that'oﬁ the_length task the items differed in difficulty. The
judgment of the two -equal lines (array 2) was much more difficult than
the judgment oé the other two arra&s in-which the length of lines differed.

A comparable'}esult was obtained in Experiment Four.

The responses of the children 6n the Standard Toy Task to the



length and numbher questions on the 4 incongruent stimuli (3,4,5, & 3)
were scored in the same way as the responses made to the incongruent
stimuli on the Standard Language test (Table A 6-3, Appendix A). A
t-test comparing ;he mean number of correct responses made by guessers
and nonguessers was significant, tay = 5.1865, p < .00l. Table 6-3
presents the total number of correct responses and means by subject
classification and question. Nonguessers made significantly more
correct responses than guessers, 6.17 compared to 3.72. A total of
8 correct responses was possible. Separate sign tests were again
;sed to compare the distributions of correct responses on‘all length
and number questions for nonguessers and guessers. Neither sign
test showed a significant<difference. ﬁgr the nonguessers, z = 1.388,
ns., for the guessers, z = 1.66. TFor the nonguessers the direction
of difference was the same as on the language task; they made re
correct responses on number than length questions. There was a
slight tendency for guessers to give more correct responses to length
than number ques;}ons.

Table 6-4 shows the distribution of errors for guessers and
nonguessers. A toéal of 144 errors was possible, 72 on each question.
Nonguessers made relatively more errors .on the leng;h questions than
on the number questionss . (22:11); algost all these errors were due

" to the use of a number strategy (20:22). Guessers errors were more
evenly distributed (42:35),wikh more érrors on numﬁef questions. The

guessers also made more unexplained errors than the nonguessers (24:5).

An inspection of the pattern of errors on the incongruent
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Tahle 6-3 .
Total number of correct responses and means on incongruent configurations ° ?
on the Standard Toy Task. By subject classification and question $
® i
Subject Classification !

Nonguessers (N=18) Guessers (N=18)
N number length number length ;
Total 61 50 30 37 ]
Mean 3.39 2.78 1.67 2.06 ‘
Grand Total 111 : 67 ;

Gran& Mean 6.17 3.72

e O R
'




234

Table 6-4

Distribution of errors on the incongruent configurations: 3, 4, 5,
& 3 on the Standard Toy Task. By subject classification and question.

f
L

Question Number Length Grand Sum

Type of

Error Length O (unexplained) Number O (unexplained)
Nonguessers 8 3 20 2 33/144
Guessers 29 13 24 11 77/144
S
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configurations on both tbe Standard Language Test (Table A 6-1,
Appendix A) and the Standard Toy Task (Table A 6-2, Appendix A)
indicates that whereas a nonguesser tended to make systematic errors
on one dimension or the other, a guesser made b&th systematic and
unsystematic errors on both dimensions.
One further analysis was carried out on the first three toy
tasks, (a), (b), and (c), to determine whether any of the configurations,
3, 4, and 5,§ﬁiffered in difficulty on length and number questions.
Differential difficulty had been shown in Experiment Three ;sing
the standard dot cards. Table 6-5 presents the number of correct
responses on the three configurations by question and subject
classification. A Cochrane's Q on the correct responses to the
length question over all subjects indicated that tﬁe configurations
did differ in difficulty Q(X§)= 9.49, p < .05. On the number question
the Q was also significant, Q(Xg) = 6.19, p ¢« .00l. The configuration
thch produced the least number of correct responses oﬁ the length
question was configuration 4 (same length, different number) on
the number question, configuration 5, (same number, different length).
The differences in difficulty appeared to be greatest for the guessers.
'A question of major interest in Ehis experiment was whether there
was a relationship getween an individual child's use of a consistent
length or number strategy on the Standard Language Task (incongurent
configurations) and on the Toy Task (incongruent configurationsf.. To
: eﬁamine that question, only the data from the nonguessers was analysea,

as only they might be said to have consistent quantitative strategies.
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Tabl:e 6-5

Total number of correct responses on configurations 3, 4, & 5 on
the Standard Toy Tasks (a), (b), and (c). By subject classification
and question. '

A oo e,

Question
Number "+ Length ;
*

Configuration 3 4 5 3 4 5 3
Subject J
Classification
Nonguessers 16 16 13 13 10 14 3
(N=18) ’ :
Guessers 10 8 2 ’ 10 5 13
(N=18) ———— —_—
Grand Total 26 .24 15 ) 23 153 27
Mean .13 12 7.5 11.5 7.5 13.5

P ]
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The degree of strategy bias for ‘ach subject was determined on the
two tasks by establishing the proportion of numerical responses (both
correct and incorrect as applied to length) to numerical and length

*

N
Tan: A value of .50 meant the two strategies

responses combined:
were evenly divided, a value below .50 that a length strategy was
préferred, a value above .50, a number strategy. Table 6-6 presents
the proportions on both éasks.

On the language task 14 out of 18 children showed a number bias.
On the Toy Task 10 out of 18 children showed a number bias., Using
the proportions from the Language and Toy Tasks, Kendall's tau was
calculated to determine th; degree of relationship between the
ranks for tﬁfﬂﬁib s;ts of propoftions, Tau = 4.596, z = 3.059, p < .001.
There was ;%erefore a significant, positive, correlation between
the strategy biases on the Language and Toy Tasks. The bias toward
number was somewhat stronger on the Languége task than on the Toy
Task, but the significant positive correlation indicated that an
ordered relationship existed between the bias variables on the two'
tasks. .

-The next question examined was how well the children judged the
fitc ;f one set of play objects to other conceptually related play
objects, i.e., beads to gtriqg. This was called th; Fit Task. There
were five subtasks, each required two "fits". To be judged correct
on. a task thé child had to make both fits correctly. The authér

assumed that two correct fits indicated the use of a number cue. The

raw data are found in Table A 6-3, Appendix A. Table 6-7 presents ‘a
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Table 6-6

Table of proportions showing strategy biases fn Language and Toy Tasks.

~

I

Nonguessers A
Languape Task Toy Task
Subject
S6 .67 .57
S7 1.00 .75
S9 .00 .00
513 .50 .50
Si4 .67 .50
S15 .67 .63
516 ‘ .67 .29
518 ' .50 .38 hod
$19 .67 .25
24 .67 .50 ) ¢
526 1.00 1.00 ]
527 - .67 .63
528 1.00 . .88
529 .50 .75
S31 R 1.00 1.00
$32 .83 . .63
S34 .67 .75
S35 .50 .50
LEGEND ]
values s
.50 ~ strategles divided
"below" - length strategy probable
"above!' - number strategy probable
|
- »/‘\ - {K




239

sd;Rary of the number and types of responses made over four fit
tasks, a, b, ¢, and d. A cofrect response indicated a numerical
strategy. An dncorrect respoﬂse could indicate eithexr a length, or
an unexplained strategy. An examﬁie of a response in the unexplained
categorylﬁas the child judging that both the longer and shorter row
of beadé fit onto the shorter)of the two strings.

3

Separate binomials were calculated for the number of correct
’ /7

re;ponseé for the guessers and nonguessers to determine whether the

performance of each of the groups was above chance. ~}he nonguessers

made 52 correct responses out of a possible 72. The z = 3.947,

P < .00l indicated that their performance was significantly above

chance.' The guessers made 34 correct responses cut of a possible

72. The z =,1.086, NS indicated that their performance was not

significantly above chance. A t-test was used to compare the difference

in the mean number of correct responses made by the two groups. The

EBﬁ = 4,372, p < .001. The nonguessers made signifigantly more

correct responsés (mean = 2.89) than the guessers (mean = 1.89).
Thus, the childrgp in the nonguesser category who had shown

a higﬂ'degree of ‘proficiency with, and, indeed, a bias toward number

on éhe Standard Language Task, and a related bias on_the Toy Task,

-

performed above .chince on the, Fit Task. This performance would
seem to require some knowledge of the relationship between numbexs
of objects and the space requir?d by these objects. When these

children made an error it was usually-due to the use of a‘length

strategy.

o
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Table 6-7
Total number of correct and incorrect responses and means over the

four fit tasks, a, b, ¢, and d. By subject classification and type
of error.

Subject Classification

\\
Responses Nonguessers (N=18) Guessers (N=18)
correct total = 52/72 total = 34/74°

mean = 2.89

mean = 1.89

mean =, ,17

incorrect total = 20 total = 36
‘type of error
length total = 17 tot;I = 27
mean = .94 mean = 1,50
unexplained total = 3 total = 11
mean = ,61
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The children in the guesser category had made equal numbers of
correct and incorrect responses on both dimensions on the Language
Task and the Toy Task. These children did not perform above chance
" on the Fit Task. When these children made an error it was also
usually due to the use of a length strategy.

The bridge task (task e) required the child to judge the space
between bridge ends, the lengths of spans, then fit these together.

On this task there was no significant difference in the number of
correct responses'to the three parts of the task made by the nonguessers
and guessers (Table A 6-3, Appendix A). Table 6-8 shows the total
number of correct responses made on the three parts of this task.
Performance was uniformly high for both guessers and nonguessers. The
nonguessers made no errors, 54 -correct responses out of 54 possible.

The guessers made 47 correct responses. There were only two errors

on the Fit Task; Fhese were made by guessers.

Table 6—5 also shows the number of correct responses made on the
éontingous length questions aséociated with the Standard Toy Task. These
were the responses to the questions to judge the length of the strings,
boxes, and trucks. If the responses to these length questions are
combined with the responses to the two length questions on the Bridée
task, the following mean scores are obtalned for the nonguessérs and
the guessers out of 5 possible: nonguessers, méan'= 4,89; guessers,
‘4.39. A Mann-Whitney U gest shogeq no §ignifi;ant difference between

_the'two groups' of children. All the children perfdrmed well on the

continuous length questions on the Toy Task.

adaininlt.
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Total correct responses on the bridge toy task and on the length
questions on the string, blocks and trucks (tasks a, b, and c).
Subject clagsification: nonguessers

Means for length questions.

and guessers.

Nonguessers (N=18)

task

bridge
space
span
fit

Total

string
boxes
trucks

Total

Grand Total for
Five Length Questions

Mean

Subject Classification

18

18

18

54

16
18
18

52

88

4.89

Guessers (N=18)

15
16
16

47

17
17
14

48

79

4.39
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The remainder of the results are those based on the subtasks of

Task ¥II.

Task III

Subsection I: Sticks and Pennies

Table 6~9 presents the proportion of errors made by guessers
and nonguessers in response to questions about what was good to say
"more'" or "longer'" when comparing two sticks and two piles of pennies
(Table A 6-4, Appendix A). The test for the significancefiy’the
difference between the proportions of incorrect responses for the
nonguessers and guessers on the sticks was significant at the p < ,001
level; the test @as not significant for the pennies. The children
classified as guessers were more apt than nonguessers to say "more'
was good in judging the two sticks. Guessers and nonguessers did
not differ significantly in their use of the term "longer" in
reference to a grouping of pennies.

'Subsection 2: Cars Task

Part (a) Production

This was a production task, where the experimenter showed the

chtld a stimulus card with three rows of cars and asked the child to
tell about the card. Six subjects refused to respond on this task,
consequently there were 16 guessers and 14 nonguessers. Thé children's
responses are presented on Table A 6-5, Appendix A. The total numbe;
of responses made by the nonguessers was greater than that made b§

the guessers, 44 as compared to 32 separate responses. Each subject's

first response was classified as quantitative, for example, "bigger" ’

- n w—
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. Table 6-9

Proportion of errors made by nonguessers and guessers in response to
questions on sticks and pennies task.

Subject Classification

Sticks Pennies

Nonguessers .27 .22
Guessers ‘ .61 .33

b Bea et Ol
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"more', "longer'", or nonquantitative, for example, ''made it'. A

Chi-square was performed on this data, Xi

was an association between the production of quantitative terms and

= 5,116, p < .0225. There

nonguesser—guesser classification. Nonguessers were highly likely
to comment on some quantitative dimension of the stimulus cards;

guessers were as equally likely to comment on nonquantitative as on

quantitative aspects.

Part (b) Comprehension

The childrens errors were scored on the five requests on the
"Show me" part of the Cars Task. The nature’of the errors was
agsessed, 1i.e., whéther a number error could be attributed to the use
of lengkh strategy, or a length error to a number strategy, or an
error be classified as unexplained (Table A 6-6, Appendix A). The total
number of errors made by the children in response to each "Show me"
request are presented in Table 6-10. Neithe; the nonguessers nor
the guessers did well on thishtask. The nonguessers only made 46
.correct responses out of a possible 90, a chance level performance,

z = .00, p < .50, The guessers made 30 correct responses out of a
possigle 90, a below chance performance, z = -3.396, p < .000l.

Se?arate Cochrane Q's were calculéted for both nonguessers and
guessers to determine whether the probability for success was equal
acrogg all five’requests. The Q(Xz) for the nonguessers = 6.62, NS
indicated fhég/the probabilicy for success was equal across items .

”Insbécgion’qf the totals on Table 6~10 suggests that for the nonguesseré

the pyobgbility of success was greatest for the two number requests,

-
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Table 6-10

Number of errors made in response to each request on the 'Show Me"

portion of the Cars Task.

guesser. ‘
question

Show me
(a) more cars
(b) longer row
(c) longer cars
(d) row, same L
(e) row, same N
* p < .05

Total

Mean

Subject classifications:

nonguesser,

Subjeét Classification

Nonguessers Guessers
6 12
T 10
) 11 11
11 13
6 14
44 60
2.44 3.33
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"more" and "same number',and least for all the length requests. The
Q(Xi) for the guessers = 2.63, p < .10 was also not sig;ificant.
However, inspection of the totals in this case suggests that for
the guessers the probability for success was greatest for the "longer"
row request and least for the "same"\pumber request.

Tests for the significance in differences in proportiops on
each of the requests fof the nonguessers and guessérs yielded a
significant result for the two number requests, p < .05. Nonguessers
made significantly fewer errors on both number requests than did the
guessers. |

The types of errors made by the two groups of subjects in response
to the five requests were of interest. On this task a new type of
error was possible; a child could attend to the length (or size) of
the cars themselves. This might be called a size strategy. It is
an addition to thé types of errors analyzed in previous tasks. The
usual types of errors have been those attributable to the iqupropriate
use of number, length, or some unknown factor, "unexplainedd. Table
6-11 shows the distributions of the types of errors made op.eaéh of
tﬁé requests by subject.classification. .

‘The nonguessers were most apt to make errors because of an
inapprobriate use of the numﬁer strategy, particularly on the "longer"
request.’ They were least apt to make an error based on the size cue
(length ?f houses). The guessers were most apt to make errors of the
"unexplained" varietyj ' all of these occurred in response t; questions

about "same". They were least apt to make an error because of an
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Types of errors on each of the requests on the Cars Task. By subject

classification.

' question/error ——

more

longer row

longer cars
same length

same number

Nonguessers (N=18)

Subject Classification

Guessers (N=18)

Total

N L S ¢ N L S 9
- 3 3 - - 5 7 -
9 - 1 - 6 - 4 -
5 6 - - 6 5 - -
5 - 15 3 - 2 8
- 1 - 5 - 1 - 13
19 10 5 10 15 11 13 21

"

number strategy

length strategy

size strategy

- w»n o™ =
Il

unexplained
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inappropriate use of the length strategy. Relative to the nonguessers,
the guessers were more likely to make an error based on the size cue.

Subsection 3 ''"Make Me a Row"

Table 6-12 presents the number of errors made by nonguessers and
guessers on each of the itemsxon the "Make Me a Row'" Task. (Table
A 6-7, Appendix A). The nonguessers made 67 correct responses out
of a possible 90 on this task, an above chance performance, z = 3.02,
P < .0923. The guessers made 45 correct responses out of a possible
90; Performance in this group of children was at a chance level, z = .00,
p < iSO.

Separate Cochrang}Q;s were calculated for both nonguessers and
guessers to determine whether the probability for success was gqual
across all five {tems. The Q(Xi) for the nonguessers = 2.00, NS.
was not significant. The probability for success was equal across -
items. The Q(Xz) for the'guessers = 13.52, p' < .00} was siénif%cant
indicating that the probability for success was not equal on each of
the five items. Inspection of the totals in Table 6-12 suggests tﬂat
the guesser was most apt to be successful on the "Make me a row" ana

"more',

"Make me a row that is longer' requests, least successful on
"same.length", énd "same number". |

The differences in the proprotions of correct responses were
tested for the honguessers and.guessers on eéch‘of the 1tem;. There
were no significant differences on the "Make me a row", and "Make

me a row which is longer" items. There were significant differences

on the other items, (p < .05) "same length", "same number", "more".

~
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Number of errors made in response to eaoh request on the "Make Me a

Row Task.

Table 6-12

Subject Classification

Nonguessers Guessers
(1) Make me a row 5 5
(2) Same length 5 * 13
(3) Longer 3 6
(4) More 4 * 10
(5) Same number 4 * 11
Total 21 35
Mean 1.67 1.94

4

* — gignificant at p < '.05
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Discussion N
The first concern in this experiment was to determine whether
quantitative strategy biases could be found in a task requiring length

(and number judgments of real objects; and, if found, to determine

< ,_\‘\

whether a systematic relationship held between these biases and those
found on the Standard Lanéuhge Task. Such strategy bigse; were found
on the Standard Toy Task and they did relate systematically to
strategy biases on the Standard Language Task. Apparently the
cognitive processes under study in these experiments have not simply
been artifacts of a task employing.rather abstract dimensions; they
have some ecolsgical validity.

On the Standard Toy Task the nonguessers performed well on number
questions and showed an overextension of the numerical strategy to
length questions. Although fewer children showed a number bias on the
Toy Task than on the Language Task the relationship between strategy
biaées on the th\tasks was highly significant., Performance on one
task was a very good predictor of performance on the other. Unfortuna-
tely for purposes of comparison there were not maﬁy children in the
nonguesser group who systematically employed the length straﬁegy to
judge number. Therel;ay have been sever;l reasons for this.. First,
on the small sets (3—4 dots) number gtrategists have always been in.
the majorit& (Experiments Oﬁe to Five). Second, relative to the
other experiments, a wider age range was used in this expériment in
relation to a smaller sample. This reduced the number of younger

/.
subjects, and it is amongst the younger subjects in a group of

s
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‘\/‘

4

nonguessers (@ 4.0 yrs) that th. length strategy usdally predominates.
On the Toy Task the guesse;s performed more poorly than the non-
guessers. On both the Toy Task and the Standard Language Task theirx
errors were distributed fairly evenly over both dimensions and both
types of strategies.

The finding that on the Standard Toy Task different configurations
produced different rates of error depending on the question confirmed

L
findings in Expefiment Three. The children found it most difficult

to judge the number of'two rows of toys as the "same", when number
was held constant and length varied (configuration five, subtask c).
They found it most difficult to judge the length of two rows of toys
as the same when length was held constant and number varied (con-
figuration four, subtask b). With real objects also children attend
to differences in such abstract dimensions as length and number;
their concept of "same" seems somewhat slow in developing and rather
easily shaken.

’The second concern in this experiment had also to do in part with
the matter of ecological wvalidity. This concern was explored in the
Fit Task. The'nonghessers, the pajority of whom were skilful with,
and biased toward, number, performed above chance on the Fit Task.
Apparently the nonguessers' real world experience taught them that

the row with more is longer or takes up more space ., These children
were able to éoordinate sets gf discrete objects with othér related
objects in situations which did not éupbly one-to-one correspopd;nce

cues, and in which attention to¢ 1éngth cues would have produced
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P ) . , .

erroxs. prever, while -the B?npuessers did perform above chance on
. €< )
the Fit Task, their perfdrmanée was not perfect. Most of these

children got three out’ of fouf correct.” Two factors may account for
-~ - )
this less than perfect performance. First,. this task, which requires
* -~
the child to note the relative distance between sets of end points,

the reletive size of different®numbers of items, and then to coordinate

his judgments, may, _be a fairly difficult one for children this age.

Second, the less than perfect performance may also reflect the child's

o >

knowledge that length cues cannot be completely discounted when

. - N . A 3 .

making such, fits. Under many circumstances the length of a row of
diecrete items is still a good estimator for the space that those
items require.

The guessers'were not-able to do the Fit Task above a chance
level. However, their failure was not simply due to a general
- 7
inability to Tollow task requirements. On the bridge subtask, which

required gpatial coordination, these children perforﬁeq almost as

well as the nonguessers. ' Their length judgments were also quite

good”(ekeept judgmen® of "eame,lquth"b. Apparently these children's

problem was a spécffiefone,having to do qith the eooreination of sets

of diser&te toys wifR either ahother set of discrete toys,or with

" objects varying in continuous length. Possibly they were unable to

-

use a number cue &ystematically. Possibly a failure to’ understand

"same" caused the .problem.

.

>

The results of gpe Fit Tasgk Aiso have implications for Piaget's

.. theory of»tﬁe &evelopmehi of the length concept. On the parts of
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thg’Toy Task that required judgrments of continuous length the non-
guéssers‘uperformance was consistently high. These children were
arw_nz'..*en:.‘" e nan@iof 7 owromp e rilrts TPofTiouris Loongil
On'the‘SEandq;d Language Task,and on the parts of the Toy Task that
required judgments.of length of a row of discrete itemsyerrors in
judgingllength were due to the use of a number strategy. The children
discounted the end points. These findings suppoxt those of Experiment
Four. They support Piaget's (Piaget et al., 1960) arguments that
children in this age group do not have a fully developed concept of
length, for thev have not fuwlly ccofianated the cperaticns which
determine the order of end points with the measurement operations
which are based -on the repetitiop of an arbitrary unit. Howev%r, the
nonguessers, who were skilful with number were able to do the Fit task
at an above chance level. This result may permit the argument that at

‘some level, perceptual perhaps, the measurement and end point operations

are coordinated. . .

The third concern in this experiment was to exﬁlore young

children's understan?ing of length andgnumber on somewhat different
tasks than those used in’' the previous experiments. This was done with
particular regard to a Fomparison of the performance of nonguessers

i and guessers. In this exﬁeriment, as in ;he previous five,the author:
classified the childrep according to their performance on the congruént
confiéurations on.thg Standard Language Task. The argument was that

[y

the children who were able to perform above chance on these- configur~

ations were able to make a basic, "same—comparaiive"-distincéion

b, Ak
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regardless of strategy biases. They were the nonguessers. ?he children
who were not able to perform above chance on this task were unable
to make the "same-comparative" distinction. They were the guessers.
The distinction between nonguessers and guessers seems to be
a valid one in the sense of being a good predictor:og‘performance
over a variety of tasks. The guessers' performance showed a lack
of clear preferences for, or clear rules for application of, either the
length or number strategy on discrete arrays. ‘Tﬁis was apparent
on the Standard Language and Toy Tasks. Their judgments of "longer'
on a whole object were quite accurate, but they had difficulty with

.

judgments of ''same length'. They showed problems with judgments of :

"same"on the "Make Me" and "Show Me" Tasks. They were not very skilful
at making fits on the F#t Task. The guessers did not restrict "more"
to situations involving discrete sets; on the Sticks and Pennies Task
they often said "more" rather than "ldnger" was good to use in
describing the longer of two sticks. 'More" apparently had for

them a less differentiated ﬁéaning than it did for the nonguessers.

or perhaps a wider, but less well defined, field of ap;licaﬁion.

Their speech production revealed that they were equally inclined to
actend to nonquantitative aspects as to quantitatlve aspects of a

stimulus card presented in an overall context of questions about

quantity. None of these children conserved.
The guessers may be of two types: . those who do not understand
"game" and who have no numerical or length strategies; those who do

not understand ''same', but who do have numerical and length strategies
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available to them. The younger, or less cognitively developed,
children may be of the first type.

On the other hand there is evidence that many of the guessers were
able to make judgments of "'lgnger" if not of '"same length". Their
performance on thé Make Me a Longer Row Task was as good as that of
the nonguessers. This evidence of an earlier emergence of an under-
gtanding of length than number is in keeping with the findings of
Experiment Five. There is some evidence also that amongst the guessers,
number becomes a more salient cue with age (Tables A 6-1, and A 6-7,
Appendix A). The guessers who are af the second type respond
consistently on configurations where there is a cue for difference,-
for they may have quantitati?e strategies available to them for
comparative judgments; however, their performance may be limited by
the absence of a semantic component which allows judgments of "same".

The nonguessers were consisteﬁt in their strategies, as revealed
on the Standard Language and Toy Tasks. The majority of them performed
very well on numper tasks and chiefly showed a number bi;s when they
did make errors on length questions. They seemed to understand the
meaning of "more" and ''same number" in a wide variety of tasks including

-

the Car and Make Me a Row Tasks. They also restricted the meaning of
"more' to sitﬁations involving discrete éets'(The Sticks and Pennies
Task). Thef used quantitative terms in their descriptions of thé ﬁows
of C;rs: This pr&gably_réflected a sensitivity to the'contth of

the total experiment, a context qhich called for attention to quantity.

The only children in the sample who conserved were in the nonguesser

o, ambas Rt o~ v B 75|l T
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category. In summary, nonguessers were children who apparently were
able to make the "same-comparative' distinctions, were sensitive to
quantity dimensions and able to apply a qﬁantitative stratggy consist-
ently. The errors which they made were usually due to the systematic
overextension of a strategy to an inappropriate situation.

There was evidence that there were certain difficulties which
both the nonguessers and guessers experienced. Judgments of ''same"
tended to produce ?he most errors for both groups of children over
a variety of t;sks (see,for exémple, Table A 6~2, Table A 6-5). For
the guessérs this may reflect an absence of an understanding of same’
This may also/be true for the nonguesser; however, it may also be the
case that the nongueéser simply lacks confidence in his judgment’in‘
the face of perceptible difference in an array.

Both the nonguessers and guessers also experienced difficulty
on the "Show Me" portion of the Cars Task. While the nonguessers
did bééter than the guessers,their performance was only at chanc;.

The difficulty of this task for all the children may have been due
to the addition of a third quantitafive cue, the length or_size of
the cars. This‘could have resulted in some confusion.

The séecific request to '"Show me the row with longer cars " resulted
in erroneoﬁa responses in 22 of the 36 chiidfen, 11 in eacp of ghe
two groups. The errors could be g;tfibuteé to. both léngth and -
number -strategies. The children's problem with khis requesﬁ could be
due to either semantic or syhtactic factors or both. 1t is possible

that children in this age group experience some difficulty in under-

¢
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standing a comparative modifier when it fefers to an attrisute of an
element in a set. It may be that the children could judge one
element of one set as longer,-or one row of objects with respect to ¢
another as longer. However, they may have no understanding of thé
requirement to make a quantitative judgment of a within group attribute,
in the context where the same attribute is feleyant to the group as.
a whole. It is also possible that this outcome is dependent on the
structure of the request. For example, "Show ﬁe thé fo& which has lohger
cars" might produce a diffefent result.

Some task needs to be devised to sort out the above possibil£ties.
The required task might involve: assessing children's performance
on other comparatives in a similar task, for example “taller"; working
with différent grammaticAI éonstructions; assessing the impact of
variations in segment sizes while varying the sizes of rows and the
numbers of rovs. Such variations might allow one to degermine whether
the children have yet begun 'to make (full) use of the contextual
information of syntactic catego;ies (parts of speech) rather than
relying strictly on concrete sgmantiq.n;tions (Brown, 1957)". Brown

believes that it ié just at about this age that childreé do begin to

" mike fhll,use of contextual information.

The results of the "show me'' task have some implications for the

L4 *

interpretation oftthe findings in the previous experiments. In the -

Standard ﬁanguage Task, when a child chooses.a row which has more dots,
\ ’ . )

he also choosés a,fgw-whosé combined elements share a greater area

regardless of spatia) extension. One could make the argument that the

bR R
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number strategists who picked th~ row with "more" when judging number
and length were attending to area rather than number or length. Two
facts should bé recalled which bear on the adequacy of such an inter-
pretation. First, if the child is attending to area in such a case,
he has attached various aspects of the number strategy to area, i.e.,
he counts correctly in order to assemble the ;rea. Second, and most
important, the children in this experiment who were most sk}lful in
the use of the ndabef strategy, i.e., the nonguessers, were }east
inclined to refetr to the row with longer cars when judging length;
rather, they referred to the row with more. The bodies of the cars
'in each of these two rows when co;bined yielded equal area (the row
with longer cars, and tﬁe row with more éars). Therefore,.it seems
unlikely that area was the basi; for the childrens judgments wvhen they
. chose the row with more as longer. 1If that were tﬁe case more of
these children shoula have chosen~the row with longer cars, or on
judggents of same lengtﬁ, paired the two rows with equal area. This
was not the caée. Howevér, the question of the role of area in such

F

a task may warrant more extensive investigétion.

.
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Chapter three

Conclusions

This final chapter provides an overview of the relevance of the

main research findings presented in Chapter Two to the main issues and
general intentions of this thesis outlined at the conclusion of Chapter
one. ‘

In all the reseerch presented in Chapter Two the same basie
paradigm was used: the author asked young children between 3-7 years;

children'in Piaget's preoperational period, to make number and length

judgments on different configurations of linear, numerical arrays under

a variety of task conditions. Using this paradigm,Lawson, et al. (1974),

and Baron, et al. (1975) had established that many young children res-
ponded to guestions about lenéth and number with a consistent sgtrategy
bias. Some children used a number strategy to make both number and
length judgments' other children used a length strategy to make both
length and number judgments. The authors also found the following:
conservers in this'age group usually had a number bias, indicated by
their overextension of the number strategy to the length dimension; a
child s bias was frequently manipulable. 'The experimenter could mani-
pulate the child's bias through changing the set size of the arrays or
through training. | .
. The authors inferred from the above findings that the children
who demonstrated such strategy ?iases possessed a superordinate concept

.of.bigness, but nndifferentiateé&soncepts of length and number.

260
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Several different terms and strategies might be attached to a child's
superordingte concept, for at lenst in some cases the children gave 1 }f
evidence of having thevstrategies appropriate to both number.and length |
concepts .available. However, these cﬁildren apparently lacked a cri- ;
terion: for distinguishing th; appropriate situations for the application * 3
of a strétegy. The individual child's choice of strategy appeared to be
determined by: age;-the bias towé;d_a numerical strategy increased with
age; setlsize;¥the bias toward a numerical strategy was found on small
set‘sizes, goward length‘on large set sizes,

From the Lawson, et al (i974), and Baron et al (1975) experi-

ments,'the formal and psychological theories of number, particularly

i

Piaget's, and from related research literature, the author derived six

Yy

main issues which structured the research questions presented in chapter

- Two. These issues are discussed below in light of the‘major research .
findings in this thesis,

(L Various theorists have argued that a child's initial concept of num- ¢
bexr is multidimensioﬁa} (Dewey, 1897; Wertheimer, 19%;). .According tb
Piaéet, children‘in the preoperational period‘iack the operations neces—

- sary to distinguish number frém other quantitative dimensions (Piaget

anﬁ (Inheldex, 1959). Consequently,one mtght-expect the preoperational

child to fail to.always distinguish some of Ehe dimension; which are part
of gis real life experiénce of number. Experimental evidence existed to

show that young children often systematically confused number with length

(Gelﬁan, 1972). However, prior to the research carried out in this the-
sis, little evidence existed to show that young chiﬂﬂ;en might cdnfuse

length with numbeé, and no evidence for possible deveélopmental’
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parameters Of this type of confusidn.

The findings in this thesis support both the notion of an ini-
tial multidimensional concept of number and ?iagét;s contention that
children may confuse the strategies appropfiate to number and length.
Some young children systematically apply number strategies to length as
well as length strategies to number (Experiments One to Six). This re-
sult was not an artifact produ;ed by using two dimensionalﬁarrays. Stra-
tegy biases were also fougd on arrays constructed of toys occupying
three dimensional space (Experimént’Si#).

There was also evideﬁce for developmental changes in the use of
the nuqerical strategy to 1udge‘length. Ori small'qets younger children
(3~4) ,were apt to judge number according to a length strategy. On the
same set size older children (4 1/2 and up) were apt to judge length
accordipg to nuﬁber (Experim?nt Three). Apparently as children develop
competence in the use of numerical strategieg they may apply.thes; sfra—
tegies to those dimensions such as length which were originally part of .
their‘reai world éxpérience of number. Sﬁch.a use of number may result
in errors in judging length when the child tiakes no account of the spa-
tial ex;ensiop of the rows. Howefgr, this use may also}facilitate, or ;t
least reflect, the cﬂild;s understanding of the relationship between num-
beré of objects and space. This last possiﬁility is su%porte& by the
evidence fpr the sk%}l of the nongﬁessefs on the Fit Task in Exp;;iment
Six. Most of th;se cﬂildren were biased toward-a numerical strategy.

(2) Piaget's.theory'og the development of the numbér concept. i;_paFa-
1leled by his theory o£ the developme&t of tﬁe length c¢oncept. He‘has"

propesed thac.preqperational children do not always distinguish the
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situatioﬁs appropriate to the logical operations, proper to the’number
concept, from the situations aﬁpropriate to the sublogical opefations,
proper to the length concept (Plaget and Inhélder, 1959). The issue
addressed in this thesis was whether a child's strategy bias allowed one
to conclude that he only h;d one set of operatibns avai}able to him.
Baron et al. (1975) had demonstrated that at least for some childgen
varlations in the task, such as set size and training, could reveal the
availability of another stra?egy. The findings suggested that while
parts of both sets of logical and sublogical operations might be availa-
.ble, the child was biased t;‘respond in certain weys by the task. From
. Piaget's perspective‘the child's‘failure to dist;nguish the appropriate
and iﬁapprdbriate situations for the two sets of operations is evidence

N - -
thag the operations are mnot fully developed or coordinated.

Experiments Four, five, and Six vprovided additional evidence to
-support the idea that at least for some preoperational children parts of
both sets of operations may be'availablg even though they use a pre-
ferreq strategy on a particular task. In Experimen;‘Four the children
who used a number strategy to make judgments of both '"longer" and
"shqrterf demonstrated that they were quite_éapable of using an end-
.point 1ength'strétegy correctly in judging."longer'" and ''same length' on
pairé of lines of.contiﬁuous length. 1In Experimént Five there was evi- L}
dence that possession of a number bias, as indicated on the éténdard

Language Task,did not predict any problems in the iearning of a length

. discrimination based on end-points. In Experiment Six there was evi-

dence that the child who used number to judge the length'of a. row of

discrete elements was capable of using an endépoint%strategy to judge
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the length of conceptually rglated objects which varied in ;ontinuous
length. On the Fit Task these c¢hildren were also capable of coordina-
ting information about numbers of items and the distribution of these
items ig space,

However, there were, as well, findings which suggested that for
some children some part of, or set of, the operations was not available,
or could not be generalized easily to all appropriate situations. nbst
chi}dren in this age group used a length strategy to judge number on
large sets (Experiment Thrée). Some children in the same age gfoup used
length to judge number on the small sets. Possibly, numerical operatiogs.
- were simply not present ih these children. The children classified as -

guessers seemed unablé to make number judgments (Experiment Six) and

he n nverbal.@iscrimination of small numbers difficult (Expegi—

Language Task) had great difficulty with number discriminations. In some
children, then, the feilure to use a particular stratégy may reflect the *

compléte absenhe of certain.operations; in other children such a failure

of , opedations. . : 2 _ ) ;
(3) Acgording to Piaget's. equilibrium model for the,develoﬁment of.cgn~
servation the probability of a child adopting ; particular stfategy
depends on his current cognitive structure. Prior to attaining full
conservation status, i.e.; prior to giving_evidence of possessing a full {
afd coordinated seg of operations, thé child's thodght 1s characterized

by a tendency to center om, or attend to, single dimensions when making.

quantitative judgments.: The preoperational child is not able to
s )

\
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coordinate information from states and transformations. Until the thild
reaches the final stage in the development of congservation, transfor-
mationa of'arrays may simply draw the child's attention to a new di-
mension, i:e., make a new dimension salient. Dimensional saliency may
be a major determinant of strateg& in the preoperational period and may
itself depend on perceptual or cognitive factors: Both the factors of
dimensional saliency, and transformation dere issues in this thesis with
a view to tﬁeir implications for Piaget's concept df‘ﬁentering and his
equilibrium model.. »

>

The findings support the idea that saliency may reflect per-

ceptual or cognitive influences, or both. In Experiment Five in the non-

verbal discrimination task, children found length as defined by oxder of

end-points a more easily discriminable dimension than number. Consequent-

ly, when children find certain operations difficult, 43§§haps because

they are newly acquired, or unpractised (number operations for example),

it is possible that tﬁey may respond to a more readily‘perceptible n
feature such as end—poiﬁts. Saliency in this case would reflect the in-
fluence of both perceptual and cognitive fact .

Under the taék,conditiens in Experiment Three,the most powerfui
factor affecting children's judgments was set size. This_wée true for
-both the younger and the older children. On ;arge sets length was Ehe
salient dimension, on smail sets number. The saliency of number on
small sets was still high at age seven, ae witnessed by those children
who used number to judge length, This finding has,been 1ndependent1y

¢

confirmed by B.:Miller and Heller (1976).

s

The type of configuration .also affected children's strategies.

e
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Differences in dimensions were salient features affecting children's

judgmenés. A single difference in a configuration made 5udgments of ‘ i
ﬁ"samg“ difficult. Most of the number errors occurred on the configura-
tiqn where only Iength varied and number did not; ﬁést of the length
" errors occurred on the configuration where only number varied and length :
did not. | L

The results of Experiment Three indicated that transformations
were not necessarily powerful determinants of children's number or 1
length judgments. The children's performance was comparable under both ~
static and transformed conditions. There was no evidence for any afe 1]
changes with respect to the children's abllity to use information from
the ?ransformation: Neither was there any indication that the effect of
a transformation varied accoxding to the type 6f cqnfiguration.

The above evidence is in agreement with éiaget‘s contention that
centering is a characteristic of the preoperational child's thought. It.
also lends itself to the argument that examining’®a child's performance
on a single concept may t provide a full picture of the degree to
which centering is present. To determine this examination of his per-
formance on a closely related concépt may be helpful. For example, those
chilqren in-Experiment Three who at ;he age of 6 1/2 to 7 used number to
judée length .on the small sgets (tyo childxen did this oﬁ tye large set)
were usually correct:on number unde; both statig‘and tranéformed con-

ditions. That is, they demonstratéd the coordination of operations which

supposedly enables decentering on the number cbncept. However, these

children demonstrated centering as a characteristic of their thought by

using number to judge length.
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Seyeral implicatione of the above results for Piaget's eQui»

ey \\
librium model: Egé)the following : i

2

(a) Piaget has stated that initially the child will center on one di—
mension or another on a chance basis. The findings permit the argument

that this might only be true of those children who are totally lacking

quantitative strategies {the guessers).  Otherwise, the child‘s tenden-
¢y to center agpears to be under the control of set size and the ayaila—
6ility of ‘his estimation strategies.

(b) The importance of observing the effects of a EransformatiQn on the
dezilgggsft of conservation may be overestimated. The &qyelopmept of
the conseéVeEion of number may debend on the c¢hild attenéing to dif-

ferent dimensions on different set sizes'relating to the level of his

<

estimation skills. He.uay experience difficulty in his attenmpts to co-

ordinate judgments on those set sizes which fall in some border—line

-

range. That is, the ¢hild” may experience cognitive conflict or dis-

equilibrium when he tries to make a number judgment on a set size fal-

.

ling between a small One, where he would attend to number and. a larger

' one, where he would attend to length. ln this thesis such a set might

have consiated of four to €ive dots, altﬁough the actual set size where

o

conflict occurred would depend on indivigual differences in estimation
skills. e,

Pl

(4) Both formal and psychological theories of mumber have assigned a

.

peculiar atatus to the early numbers in the number Beries (Beth and

Piaget 1966). Children may’have ag intuitive grasp. of the small num-

8 _berxs and their relationships, or they may actually be able to perform

N

cettain og?rations on emall numbergawhicﬁ they cannot perform on large
s LT . t

1t
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_numbers. Piaget's position on the small numbers was somewhat ambiguous,

altho&gh he would seem to’pyefer ;he idea that they were constructed
rather than intuitive. (Beth and Piaget, 1966).

The research findings here are in agreement with those of Gel-
man (1972), Winer (1974), Lawson et al. (1974) which support the argu-
ment that tasks using .small number sets may reveal early operational
abilities. 1In Experiment Three,children gave more correct answers to
number qdestions on the small sets than on the large sets, under both
the static ané transformed conditions. From Experiment Fbu; and Six
there was also evidence that a number of children were able to con-
serve nu&bgr on the three and four dot arrays.

Howe;er,7éhile small‘numbers éay facilitate numerical operations
they can appargntly hi;der length operations for some children; 1i.e.,
those children who ignored end-points and used number to determine length.
In this category were mény of the children who conserved (Experiments °

Four and Six.) This overextension allows the argument thaf, while small

numbers enable some operations, the numbers are not fully constructed,

for the stxategies épﬁropriate to numbher are not fully coordinated with,

_or differentiated from, those appropriate to length.

(5) In general, psychologists interested in the deveiopment of word
meaning believe Lhat a child's cognitive status'influences his compre-
hensiog of language and thai changes in word meaning reflect changes in”
cognitive skills (Sinclair de Zwaart, 1969”; Siegel, i977). Children iﬁ

Piaget's preoperational period (3-7) are of'particular interest for -

" studdnts of language, as it is in this period ;hat cogﬁitive and lin-

L}

guistic skills are ‘supposedly’ converging. Quantitaﬁivé-tgfms are a major
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source of information for tﬁé processes involved in the convergence of
" the linéuistic and cognitive systems. There is ample evidence that
while the child acquire; and coordinates his quantitative strategies,
his referents for the quaﬂtity terms are not the same‘as those of adults,
The results of the experimenis ip this thesis indicate that some
children will assign equivalent meanings to two terés such as "mére" and
"longer" by virtue of employing’a single stfatggy to determin; which is
"more" and which is "longer". As well the same child can assigi both
the words a new meaning when the task changes, for exampie, when the
child‘is required to judge "longer" and "more" on a small set rather
than on a large set:
3 In Experiment F;ur both positive and negative terms were ‘used in
the questions. Here there was evidence that children who used a numeri-
cal stratégy to make judgments of "longer“; also used a numerical stra-
tegy to make éudgments of "shorter". Né;éworéhy was the fact that some
of these children treated "shorter"‘gs if it meant "less", others simply
seemed tﬁ éuesé. There was no evidence that those childrem who were

t

classified as nonguessers treated negative terms as if they were positive
tem . ’ | |
In these experiments the comparative tet; "more“,appeared to
undergo the greatest developmeﬁt or change'in-meaning to come to most
. clogsely approximate tﬁg adult term, Evidence from Experimentfsix in-
dicated that guessété were b;epared to use the term “more" to describe
the longer qf two sticks i e., they did not limit the use of "more to "
situatione involving diacrete elemen:a The term was treated by the

youngesﬁ of Che noﬁguessers as if 1t meant\"longer R then correctly by

v
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the 4 1/2 year 61d and older on the smalllset, and by the 7 year old
correctly on ;he large set.

“The term "longer" followed a different course, There was, evi~
dence from Experiment Six that "longer! was responded to correctly by
both guessers and young nonguessers at least'in some contexts, for ex-
ample, in thé Make Me a Row Task. There was also evidence from Experi-
ments Four and 5ix that wiFh reference to ﬁines of continuous length the
term was responded to consistently and correctly b; almost all children.
However, with the acquisition of a numerical strategy some children
treated "lo;ger" as if it meant "more". This persisted in some cases
until the children were seven years of aée;

IA all, the findings suéport the contention that children's éom—
prehension of quéntitative terms changes with changes in quantitative
strategies. Té the extent that ihese cﬁanges in strgtegy'reflect Eﬁéyges
in cognitive status, the development of word meaning can be said to re-
flect deveiopmept ;n cognitive structgrg. However, the péesence of a
strategy does ﬁot guarénteg it will ge aﬁyached,to the appropriate terﬁ;
Childreén who Gsed number to assign the:mean;ng-of "longer" were able to
use end-points; but did not. \Some'children who us;d # numerical stra-
tegy to judge Vsho:ter"‘dia not use tﬁis.sqrategy to judge “less".

While the growth of word meaning méy reflect the gradual acquisition of
quantita%ive s&rategies; the attachment of thesé strategies %my reflect
not only éhanges in céghi:ive;structute, but‘gisélthe'frequency of ex-

~

posure to certain terms ‘such as "less

-

(6) Mosh psychologista interested in the number concept have argued that

'the.stndy of the faetors affecting,the use-&nd &evelopment of the number

" _ . -
.T - ‘
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concept can shed some'light on the nature of concepts and on the general
processes of concept acquisition and cognitive development. In keeping
with this tradition the author argued that a coupariacn of children's
performance on both the'npmber and length concepts would allow some
reasonable speculation on the follqwing three matters: the appropriate
means or evaluating a concept; tne relationship between language and
thought ; the euitability of almodel for cheracterizing quantitative
concepts and the course of their development.' The resultshof the experi-
ments as they bear on these three issues will now be considered.

(a) Two findings bear on the question of the criterion for establishing

the presence of a concept. These support the argument that the compari~

son of performance on two concepts can be helpful in considering the

.
or T,

“—
single concept may not themselves be sufficient. .First, Baron et al,

‘appropriateness of a oriterion for a concept. Correct aﬁBwecg'on a

(1974) made the argument that an important test of the maturity of a

child's concépt was Whether he or she extended the strategies appropri-
p'
ate to that concept to another. Throughout the Six experiments there is

évi&ence for children's overextensions., Even if a child is correct on

one concept task, evidence for the immaturity of that concept may come
from his errors-on another. Second, Piagetvhas argued'that when the
child conserves number he‘gives evidence of the possession of an in-

variance rule. Such an invariance rule marks'the possession of the

mature nunber concept. EnweVer, evidence from Experiment Three that

- f

ghildren.who judged length according to number £ailed to take account
of variance in 1ength allows the argument that variance rules as well

’ as‘invariance rules may be important markers for the posseesion of a

. ] o
e
'4. b
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mature concept.

(b) The findings suggest that the reletionship between language and
thought might ‘best be described according to a"1o0se dependency"hypo—
_thesis. First, the children who could make the "same-comparative"
distinction and who used terms correctly were ve?y }1kely to be suc-
cesséul on a discrimination task (Experiment Five). However; the re-
'1etiqnship'between lanéuage and success on the discrimination task was
much closer for the nupber dimeneion than the length dimension. ’ Chil-
dren who succeeded in successfully answering questions with ﬂumper terms
‘almost invariabiy succeeded on a numﬁer discrimination; .children bho
‘ failed on the terms almost ‘always fai;ed on the‘discrimination.-'The;e
was no significant-assoéiatien for length. Second, in the findings
from Experiment ?our that some‘children ieeorrectly treated "shgrter"°
~as if it meant "less", and treated "less" as if they wére guessing,there‘
‘was evidence for the separation of terms: and appropriate strategies._

The notion of verbalmediation.requires tefinement to deal-.with
these findings. Ve;bal mediators may coqe to facilitape perfdrmance as
children get‘oider, but children may well have strategies appropriate to-
a coneepp a;ailable to them before the verbal meﬁiators are fully ‘

pfeseht. This “is Simply aqother wa} of saying that words gradually
acquire meaeiné from an 1ndividua1's experiehpe in the world./“fhe'
chii@'e experience aha-qnder96ending of the world ;111 net-ne22ksarily

bear a one to cne relationshipawith'his §ocabulary.

{ts -fox- deciding the

LR

() Finally, what. are . theimplicationsof the re

adequacy of - varions concept acqnisition models guch as those-of Eve .

"Clark and Jean Piaget? The need to modify the verbal mediation model

«
.t
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. nas discussed above under (b). The findings also suggest that certain
assumptions of_Eve Clark's component theory of verbal concept acéuisition
may‘require modification. In geﬂesel the iindings support Clark's con-
tention that chiidren begin with a higher order, superordinate concept
such as "big" which is then refined. However, they do not suppost'
Clark's proposal’that negative terms are more difficult than positive
terms.because positive terms permit the use of the natural standard and
negative terms do not. Experiment Five demonstrated that in a nonverbal
task the negative discriminstion “ghorter" was significantly«easier than
the positive discrimination "longer". '"Less" was no more difficult than
"more”. Clark also cohtended that the cnildren this age first treat
neéative terms as if they were positive terms. There was no evidenée for
the positine pole strategy in Experiment Four. |
Piaget's theories of nunner, lengfh and ihtellectual develop-
ment were most usefulin determiningthespecific igsues which formed the
foundation of this thesis. However various results of the experiments
suggested problems with his theories. ‘These have been discussed through—
out Chapter TWO. Some of the more significant of thes% arée repeated
here. First Baron et al (1974) pointed out that Piaget's theory does
. not allow for a specific prediction of negative trangfer across concepts‘
of the type which these authors established through training. Second,
there is also evidencé tn;oughout the’tnesis for_e yide range.of in-
diﬁiddsl diifesences in'sirategies and ﬁagterns nf sirdteéies.’ This was

;

especislly obvious in Experiment‘mour wubre the author studied responses

. ' oA

to questitms empl‘oy;ing negative and poaitive quantity terms,' Such

~

a result points to the»absence in Piaget s. theory of a cs?écity te

- . _v'n - - : . PN

d

P

e
¥

ep



274
preoict individual differenees as well as invariant'sequences. Third,
under 6 (a) soﬁe difficuities with the conservation criterion for
posseaeion of a concept were discussed. For example, a child may con-
serve number but show that his number concept is immature by using a
‘number strategy to judge length while failing to taﬁe account of-eno—
points, Fourth, there was eviderce thet children demonstrated centering
across concepts and were mnot always.affected oz changes in transforma-
tion in an irrelevant attribute such as 1eng5n. These results. sug-
'geste& the neeo‘for.modifications in the centering concept and in tne
'role assigned transformations in the equilibrium model .

" On a more positive note, the following points, highlighted by
the research in this thesis, might be considered in speculations on the .
requirements for an adequate model to charactefize quantity concepts and
the course of their Hevelopment. The presence of systematic errors in
' quantitative strategies was demonstrated by Lawson et al. (1974) and
Baron et al. (1975). as well as by Experiments Three, Four, and Six.,
These systematic'errors provide evidence for the presence_of.some form of
stable cognitive structure, The‘fact that children show different pat-
* terns of systematic strategy errors argues for the possibility ofs in-
dividual differences in the order of acquisition of strategies. Prior to

the acquisition of the systematic quantitative stretegies which result in

-the systematic- errors, a child may ﬁery-well possess a "stable; cognitive

v

structure however, the syetematic strategies applied to quantity tasks
" may not be qﬂantitative stnategies. As Seen.in‘Experiment Six, the

guessers ‘who did not demonstrate the’ability to make the “same—cOmpatative

-

'dletinction were equally attenthe to nonquantitative dimensions of an

.
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airay as to quantiative dimensions. These childreﬁs' strategies on a
quantity task could be systematic but no; quanéitative.

The emergence of a systematic Quanfitative stratégy nay. always
be marked by its overextension to'another.quantitative dimension, a re-
sult noted in experiments Three and Six. The éhild may then with éime
and experience’ come tolrestrict his strétegies to the'apfropriate domain. °
‘Older children were mére apt to be correct than y;hnger children through-
out, although age itself was not a dgte;mining factor;/'Experiment Five
showed, for éxamplg, éhaé nonguessers were presenéhégéoss khe age range;
guessers, poﬁever, tended to_be below ;he‘ﬁedian agé'of the sample.

The findings above suggest that acquisition-of quantity bonceéts'
would be well characterized by an 1nformat{onrbrocessing type model, Such
xa model allows for ‘the notion of an o&ganism actively engaged with its,
environment (Bruner, 1956; Piaget, 1952); gradually acquiring the .com-
ponents of a concept. These components may be c;nstrued as consisting. of
habituai plans as Baron has sugge;ced (ﬁaroﬁ, 1973). The varilous plans
wkich ﬁéke dp_é concept may be: strategles for diécriminating one dim-
'en;ion frof anothef; meana'for es:imati;g tqé values along a dimension;
the setting of.the criteria fog the application-of the strategies. In
the absénce of appropriaté plan a substitute plén may be implemented.
ﬁventually vafi&us plans will coﬁé.to act as referénés for the linguistic
éystem; %PCh a éodel allows for gﬁébility in c;;;¥tive;stfu¢tufes,‘in~
dividua% diffgrence;, actijg testirng of hypotﬁeées, agg.ghanges, and a
-gradual convergenée ofutﬁé coénitive and liﬁguist;c system. .Such a model
ai;q allows. one to consi@ér’ngntityvcogcépts in adnlts;ffér it takes -

account of péssiblé dhggggg,}n the concepts of numBgF and length as new

-
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strategies or élans are'learned-. . )

There aré many aspects of AeveIOpment of the number and length
concépts which require further exploration. From the authors point of
view,;wo of the more interesting questions concern’the possibility raised
in Experiﬁent Six that some children might be using an area strategy when
they appear to be using number;and the nature of the processes involved
in Fit task. It is the author's belief, however, that the research
paradigm used throughout the research in this thgsis dié illuminate some
aspects of the above six issues and perm@fted the realization of the
ghree general intentions oé this thesis‘which'were:

(1) to examine some of those factors which influence a child's quanti-
tative judgﬁents on linear, numerical ar;ays.

(2) to further delineate theAnathfe of the young child's understanding
of comparative terms.

(3) to consider some gene¥®al questions on the nature of concepts and

cognitive development.
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Appendix A
' Expt. 3

Table A3~1 A

All errors on small set by subject, presentation condition, ‘and grade.

i .
BSOS S RSN WW W W WW

A

Nursery School median age 4.8
) range 3.7 - 5.4
1 4 a .
subject static <, transformed-
(N=25) :
s Question: Number Length Number . Length
Age
o1 (3.7) 1 3 2 5
s2 (3.7) 6 0 4 4
S3 (3.9) 7 3 6 4
34 (3.11) 7 3 4 5
SS- (3.11) 7 3 5 1.
S6 (4.1) 2 4 2 T4
Sl (4.2) 3 , 8 2 4
SZ (4.2) 5 2 4 g
SB (4.3) 4 5 3 2
SA . (4.5) 5 3 6 5
SS (4.7) 1 4 0 5
S6 (4.8) ) S 5 4 4
S7 (4.10) 1 0 0 0
S8 (4 10) 2 4 0 .2
S9 (4.1 1 5 R 2
SIO (4.6) 4 0 5 1
Sll (4.6) 1 6 1 4
S12 (4.9) "3 3 4 5
Sl3 (5.0) 0 1 0 . 2
SIA (5.2) 6 2 5 2
4815 (5.2) 6 0 6 1
4516 (5.3) 0 6 0 6
4817 (5.4) 2 4 2 4
4,18 « 5 1 6 2
4719 " ( ) -0 0 0 2
sum: 84 75 72 80
mean : 3.36 3.00 © 2.88 3.20
Grand Sum = 311
’ X = 12.44

———



Aﬁpendix A
Expte 3, o

L]

<

Tab'l.. A3-1

All errors on small set by subject, presentation condition, and grade.’

h ] . 1

Kindergarten - mediah age 5 - 6
range 4.11 - 6.00

T L A6 Tt -*ww'M.-R&&ij&w\mgm-»m-:!.x..‘a-x‘»—:ﬂ' 4 7
I

subject ' r'static transformed. '
(N = 18) _
Question ,,Number /:;;;th ‘ Nﬂmber Le;gth
Age - ' I
XS, C(6a1D) 3 1 LS 1
KS,, (5.1) o 1 a 1
Ks, . (5.2) 2 5 1 5
XS, (5.2) 4 5 6 6 ‘
XS, (5.3) 5 2 z“ 1
KS, (5.5) 0 6 1 6
XS (5.6) 4 2 ‘o 3 ‘
KSg . (5.6) 0 0 2 1 7
S (5.6) 6 1 6 . 2 ! *
XS, (5.7) \ 0 3 0 c.,« 4 i
KS, | (5.7) 0 ‘1 L0 9 37
kS, ’ (5.7) 0 1 0 2
'KS,; (5.7) o . 1 0 2
XS, (5.9) 0 1 0 1
KS, (5.9) 0 4 0 4.
KS (5.10) 0 6 0 6 .
KS |, (5+10) 0 4 0. 4
KSq (6.1) 0 0 1 0
sum: : 24 Wy 30 52,
méan : 1.33 2.44 167. 7 2.88 )
Grand Sum = 150 - T
— S

X = 8.33 it

4
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Appéndix A
Expt. 3

Table A3-1

A

< All errors é§ small set by subject, predentation condition and grade.

Grade .1 - median age 6.6
’ Jange . 6.2 - 7.1

subject . ‘static transfoxrmed
(N = 25) '
Questioh: Number . Length Number Length
Age ‘ ‘ S

IS1 (6.2) 0 6 0 6
ISZ (6.2) 0 2 0 0
IS3 (6.2) ‘0 1 0 2
IS - (6.3) 0 1 c 1
s, % (6.5) 0 0 0 0. L
IS6 (6.4) 0 6 0 6 .
IS, - (6.4) 0 0 o 0.
IS8 (6.5) 1 5 .0 6 N
159 (6.6) ‘0 5 1 2
ISlO + (6.6) 0 6 0 5
15 (6.6) 1 0 1 4
15, (6.6) 1 oy 0. 2
1313 (6.6) 0 0 0 0
1), (6.7) 0 1 0 2,
1515 (6.8) 0 2 0 2
131'6 (6.9) 0 3 1 3
15, (6.9) 0 .3 4 5,
1318 (6.10) 0 3 0 4 d
1S o (6.10) 0 6 0 6
ISZO (6.10) 0 2 0 2
1521 {(6.10) 4] 2 0 0
IS22 (6.11) 0 2 0 0 “
1823 (7.0) 0 . 2 0 3.
ISZ& (7.1) 0 <5 0 6 -
IS25 (7.1) 5 2 6 2

sum: (\D 8 ‘68 13 69

mean : Y. 2.72 .52 2.76

¢ )
Grand Sum = 158
X = 6.32



4 Appendix A
’ Expt. 3
o :"

Table A3-2
All errors on large set by subject, presentation conditiom, and grade.
Nurseéry School - median age 4.1Q /
range 3.7-- 5.1

subject static transformed
(N = 27) ' u ,
N for analyses = 25 B
Question: Number Length Number Length
" Age :
3Ll (3.7 5 - 6 5 6
3L2 (3.9) 3 0 6 1
3L3 (3.9) 8 g 7 S5 ~ 6
3L4 (3.11) 2 7 6 4
3L5 (3.11) 6 0 6 1
3L6 4.1 4 1 6 ,//Q
3L7 (3.6) 4 0 3 b
3L8 (3.9 6 3 6 3
ALl (4.5) 6 2 ~ 7 © 2
ALZ*" (4.9) b4 £ 2 5 2
4L3 (4.9) 6 3 9 4
1|L4 (4.10) 6 0 4 . 6
4b5 (4.10) 6 2 6 1
4L (5.1) 6 3 6 3
AL? (5.1) .4 2 5 1
4L8 (4.5) s 6 0 5 0
4L9 (4.6) 5 5 4 2
4L10 (4.6) 0 0 2. 3
4L11. (4.7) 3 6 0 6 .+ 0 <
4L12 (6.7) 6 0 6 0 N
4L13 (4.9) 6 0 6 0
4L14* (4.9) 6 0 7 2
4L15 (4.9) 7 3 ., 4 -6
4L16 (5.0) 4 1 6 1
4L17 (5.1) 7 1 6 3
BLQ ( ) 6 2 7 3
3L 0D 6 0 4 3

y—
o

sum:_ 131 - 48 136 63
mean : 5.24 S 1.92 © 5.44 2,52
: o s _
Grand Sum = 378 .
X = 15.12

.

* subjects. not included in Anova, total scores, or means’ -
L
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All errors on large set by subjrct, presentation condition, and grade.

subject
(N = 18)
Question: )
lAge
KL1 (4.11)
KL2 (4.11) D/B
KL3 {5.0)
KL4 (5.0)
KL5 (5.1) .
KL6 - (5.2)
KL7 (5.3)
Kia (5.4)
KL9 (5.5)
KL1O (5.5)
KL11 (5.6)
KLI2Z  (5.6)
KL13 €5.6)
KL14 - (5.6)
KL15 (5.7)
KL16 (5.8)
KL17 (5.9)
KL'18 ) (5.9)-—"~
sum:
mean :
.

Table A3-2 .

Appendix A/

Expt. 3

Kindergarten - median age 5.5
range 4.11 - 5.9
static transformed
Number Length Number Length
6 0 5 0
5 0 6 0
4 2 4 4
7 0 6 1
6 3 4 2
6 0 6 0
e | ; 0
6 0. 6 0
0 ’ 0 0 1
6 A 8 3
6 2 6 2
8 4 6 -3
6 0 6 0
7 Z 8 5
0 1 1 2
6 0 6 0
7 1 6 0
6 2. 4 1
98 19 93 24
5.44 1.056 5.17 1.33
‘Grand Sum = 234
X = 13.00

>
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Appendix A
Expt. 3

Table 13-2

v

-

Grade One - median age 6.6

" range 4.1 - 7.0 .
subject . '~ static ' ‘ X\fransformed
N =27) . . .

N far analyses = 25
{ .
Question Number “Length . .Number Length
Age
IL1 (5. 1) 2- 5 . © 3 4
JIL2 (6.0) 6 0 . 6 0
IL3 (6.0) 5 1 4 1
IL4 (6.0) 4 0 0 2
IL5 (6.0) 6 0 6 o
IL6 (6.3) 1 0. 0 0 '
1L7 (6.3) 7 4 7 4
IL8 (6.3) 1 0 0 0
119 (6.4) -3 0 4 1
IL10 (6.4) 1 0o . 0 0
IL11 (6.5) 5 1 5 0
1L12 (6.5) i 1 . 6 S0 6 .
IL13 (6.5) 1 1 1 0
1L14 (6.6) - 3 0 S 0
IL1S (6.6) I~ 0 3 0’
IL16 (6.7) i o2 3 0
IL17 6.7) 0 3 1 0 0
IL18 - (6.7) 0 - 1 0 . 0
IL19 (6.7) 5 0 6 7 0
1L20 (6.7) 4 2 .0 1
IL21 (6.9) . 1 0 0 0
IL22%* (6.10) 13 1 1 0
1L23 (6.10) 0 0 2 0
IL24 (6.10) 4 5 6 0
IL25 (6.10) 0 0 0 0
IL26%* (6.11) 0 0 0 0
Lz7  (7.0) 0 0 0 0
sum: 63 29 61 ., 19
‘mean: 2.52 1.16 2.44 76
e . Gpend Sum = 172 . >
a & - —_ " n - )
) (ﬁa X'=6.88 -~ . :

* subjects not included in Anova, total scores, .and means

¢ . .
All errors on large set by’ subject, presentation condition, and grade.
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Appendix A
Expt. 3
Table A3-3
Systematic errors on small set bv subjeét, presentation condition,

question, and grades. : _,\\

] >

Nursery School

[
L

subject « static’ * transformed
(N = 25) . )
N for analyses = 20 . . \ .

Question Number Length Number Length

351 ’
352

383% P .
354 %

385 ‘e

356 .

451% '
4S2

483 \

4S4%
485

4S6

487

4S8

4S9

4510
4811
4S12%
4513

4S14

4515

4516

4517

4518

4519

)

loutwoc{\uwowos-\oN»——NOwN'L\»—NJ_\u\:Nuv—

-

lOOL\O\ONv—-I\JG\OL\uONNNL\N#\L\»——r—-uON
OO-‘-\O\_O)—‘OL—)LA)P—*NNOLanNm:w»—-.L\ONNI\)U"

A
|

E=l
— lOU‘IP—'OO’\WONOMHOODOMNMONM»—MWF—

£~
w
ol
w
£~
—

sum:

3]
—
v
N
[
(9, ]
N
o
v

mean: 2.05

Grand Sum = 168 ¢ -,

8.4

- X

»
"

-
* subject§/6i;;sified as Guessers, not jinc¢luded in Anova, total s%ores,

and means.

i —amy .._4\.M s -
. B



Appendix A
Expt. 3 !

Table A3-3

Systematic errors on small set by subject, presentation condition,
question and grade. .

Kindergarten

Subject (N=18) Static %ransformed
N=17 for analysis
Question: Number Length Number Length
Ks1 3 1« 4 0
Ks2 . 0 0 0 C} 0
KS3 : 1 5 1 : 50
KS4* 2 2 3 3
KSS 3 0, 3 1
KS6 0 5 R 6
KS7 . 4 ¥, 2 3
KS8 0 0 2 1
KS9 3 0 2 0
KS10 0 3 0 4
Xs11 ; - 0 1 0 2
Ksi2' ' 0 L 0 2
KS13 0 0 0 2
KS14 0 0. 0- 0
KS15 0 4 0 4,
KS16 0 6 0 6 -
KS17 0 4 0 4
X818 0 0 1 0
(Sum) 14 32 16 40
o
R J (mean) .82 1.88 1.00 (2.29)
*  Grand Total = 102
- X =6.00

* subjégf“classified as guessers, not included in Anvo{, total scores,

or means.
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Appendix A
Expt. 3 -

Table A3-3

Systematic errors on small set by subject,
presentation condition, question, and grade

-

5

>

Grade 1

Subject Static Transformed
(N=25) . '
N=24 for analysis )

i
i

Question  Number Length Number Length

(=)
feo]
e

—— O

—
w
O
O
oY
P~ N OO N NOCOCWEFILWNEE COCOOTTUVWUBNOCa

o (0\c>c>t>c>o OO0 OCCOCCOOODO
b [o COOOHONNWHOSNNUNGCORO S~ O

—
wn
o
9]
*
—
w
(e 2]

2.

=~
]
N
w

2.08

119

el X = 4.96

““4—
*Subjects classifiéed as guessers, not included in Anova, total scores, or
means . - N '

Grant Total

1

PUIES

FE oo
PN JETY

R TEE JUTC e -

S e S v e 0 2R
.



Appendix A

+

' ) . L » Expt. 3

Tabl 3-4

Systematic errors on large set by subject,
presentation condition, question, and grade

Nursery®School

Subject : ‘ Static Transformed
(N=27) . —
N=24 for analysis

Question Number Length Number Length

3L1%
3L2
3L3%*
LG
3L5
3L6
3L7
L8 .
411 .
4L2
41,3%
4L4
4L5
416
4L7
418
419
4110
4111
4112
4L13
4L14
4115
4L16
4L17
3L9
3L10

~

lo\u:u:Q:uac\c\c\o~c>u>u>u>u>b~e-r-u)a~m:u:u>c\hn—nu ~

g !c>~ M OO OO0OO0OONOCON—~OFRNODO~OSDCO
2 ir~:~u>u1m>o~c\o\o~cibwg SN WM W S AN W Te W R
~ ‘b)hbhﬂC>k>H O OO CMNOONOLO OGS~ OO o O R

Sum .89
Mean : 3.79

(@3]
e
.

o]
]

4.00

221

Grand Total .
’ 9.208‘

X

]

e

A er s e s gane - s

¢

e s mob - T i e
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Table 3-

Systematic errors on large set by subject
presentation conditior, question, and grade

4

Appetndix A
Expt. 3

X

~—

¢
N

Kindergarten

‘Subject

(N=18) ]
N for analysis = 15

o : Static

Question Number

Length Number Length

Trans formed

e

KL1 .

KL2 .

KL3

KL4

.KL5

KL6

KL7

KL8

KLY

KL10*

KL11 ,
_KL12*
KL13

KL14%  °
KL15

KL16
"KL17

KL18

S IU‘O\O\CJU)O\u>2‘U\C>O\O\O\U\O\u>U|O

Sum

o
[l
~

Mean

w !#—'OOOOOP—‘OOOO!—‘OHONOO’

.

in>c\o\crv<m1u I e V. I NN, IR, BT
’OOOO)—‘OI—'OOOOOONONOO

>
=
F o

Lo
(9%}
Fal
~N
~J

.27

Grant Total

X

A3

143
9.53

A % A ot e e o s e e s,

-

TR A e A A A e WS
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Appendix A

Expt. 3

Table A3-4] "}
a("L/l

Systematic errors on large set by subject,
présentation condition, question, and grade

‘ Grade 1

. Subject (N=2?) Static o Transformed
,/’\JJ”» N=24 for analysis

Question ‘ Number © Length Number Length
1

IL1*
1L2
IL3
- IL4
. ILS
IL6
IL7#*
1L8
IL9 .
1L10
.. "IL11
1112
IL13
ILYG.
- IL15
1L16
IL17
A IL18
IL19
IL20
IL21
1L22
IL23
IL24%
IL25
IL26
IL27

-
~
‘
-

HOOOO0OO0OO0O0OO0C OO OHOONME O
v

. LV 3
IC)N)C)NJC>h‘C)C>O\O C WO O & O b~C?;fO b:w:;/
p

5 ‘o OO MO OORORONDODOOLHOOOOOOHOW
|c>c>c>c>o oo

pN F>c>c>n>c>c>01v‘m COOHWOOU MW & O = U1 O

£
o

11 10l
1.67 46

Sum

Mean 1.67

£
o)

Grand Total 101

X = 4.21 D -

i

*Subjects classified as guessers, not included in Anova, total scores, -

Oor means

s.'_\.ka’«.«
’ .

» et
’

NN FY T Y SY SRR VR

A amnallan o AR

B L WEL P,



Appendix A
Expt. 4

e . Table A4-1

All errors on critical terms, '"longer" and "more' tested firsr

Critical Term

Subject Age  Sex more less longer \ ) shorter
16 Yoo 9 8 3 7
17 3.8 9 7 3 5
18 4.1 8 11 7 8
19 4.1 M 9 10 9 9
20 4.3 M 6 5 5 3
21 L4 F 5 9 6 € 4
22 4.5 M 2 1 5 10
23 4.6 F 3 6 2" 0
24 4.7 F 8 5 2 5
25 48 F 7 6 8 8
26 4.9 F 4 6 f“a 2
27 6,10 M 2 0 2 0
28 5.0 M ) 1 7 6 7
79 5,0 M C_ ~0 1 0 0
30 5.2 4 7 6 6
31 5.2 M 3 L2 3 5
N=16 Sum Sum 80 91 75 83
X 5.0 5.69  ° 4.69 5.19

Grand Total = 329
X for subjects = 20.56
¥ for term 5.14 )

s pe 4

B crrradis B ARl o by =
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Appendix A
Expt. 4
Tabl. A4-2 .
All Errors on Criticél termé "ghor'ter” and '"less" first
Critical Term .

Subject Age  Scx more less longer shorter
1 3.9 T 3 7 5 3

2 4.1 M 3 0 6 7

3 &,2 °F 10 8 7 9

4 4.3 F 9 11 5 6

5 3.4 M 3 3 6 4

6 4.5 5! 3 2 6 7

7 4.5 M 9 8 7 9

8 4.5 F 3 9 5 3

9 39 R » 7 7 5

10 4.9 .F 0 3 6 S,

11 4,10 F 1 5 6y) 5

12 4.11 F 4 3- 6 4

13 411 M 1 7 1 3

14 5.0 M 2 8 0 7

15 5.0 M 1 7 12 10
‘N=15 Sum 64 © 88 ‘ﬁS 87

X 4.27 5.87 5.67 5.8 |

érand'Total = 324
X for subjects = 20.56
X for term = 5.40.

- i i an i

i B o el PR A el o Y < TS
.
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. Tablr A4-3

Errors on congruent and incengruent configurdatienn,

classified as nonguessers.

Critical Term

more longer

le

[

SS

Appendix A

Expt. 4

-Subjects

shorter

Subject Cong. Incong. Cong. Incong. Cong. Incong. Cong. Incong.

1 1 "2 1 4 4 3 0 3
2 1 2 Q 6 0 0 1 6
5 1 2 0 6 ~—— 0 3 .0 4
20 1 5 3. 2 2 57 1

2 I <ony0 6 1 1 1 6
8 1 2 2 3 3 6 1 2
23 1 2 i 1 2 4 *0 0
10 0 0 0’ 6 0 3 0 5
1 0 i 0 -6 3 2 2 \ 3
27 1 1 0 2 0 0 o ! o
12 1 3 1 5 1 2 0 4
13 1 0 1 0 2 - s 3 0
28 1 0 0 6 3 4 1 6
29 0 0 0 0 1 0 0 0
14 2 0 0 0 3 5 2 5
31 1 2 o . 3 1 21 1 4
N=16 15 23 9 56 26 42 14 49
Incong. X 1.44 . 3.50 ' 2.63 3.0

cong X .0.94 - .56 1.63 .88
///Cfangugotal 2.34-
"X for subjects = 14.63

X for term = 3.66

=



Sy

™

.
>
Yl

Appendix A%

, Expt. 4
/ .
‘! ’ Table Ab—4
” Etrors on congruent and incongruent configurations, Subjects »
classified as guessers.
Quéstions . , Critical Term . GL\\
’ more longer less shorter \\
Subject Cong. Incoég. Cong. Incong. Cong. Incong. Cong. Incong. - \
16 4 "5 .0 L A3 5 3 4 3
17 4 5. 0 3 2 5 3 2
18 4 4 4. 5 6 4 6
19 4 5 3 6 5 5 3 6
, 3 5 5 3 4 5 3 4 5
4 4 5 2N 1 5 6 - 2 4
21 2 3 3 3 3\K 4 4
22. 1 1.% 4 1 "1 0 4 6
7 % 3 3. 4 .4 4 4 5
24 4 b 1 1 5¢ 0 2. 3
25 5 2’ 4 4 4 2 4 4
26—~ 2 2 2 (6/ 2 L 0 2,
9 6 6 5 2 2 5 2,
15 0 1 6 6 3 4 4 %
30 2 2 3 3 3 4 4 "
N=16 53 53 . 45 50 54 57 48 59 .
Incong - 3:53° 3.33 3.8 3.93
Cong 3.3 . 3.0 3.6 3.2
’ Crand‘Toral = 419
X for subjects = 27.93
X for term = 6.9825
o
o«
re

et T e BT SRR 0a B v
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l . ) . Appendix A

., Expt. &
. Tagfe Ab=5

Age, conservation status, scores on length questions, Nonguessers.

‘ N
Group _giégg ‘ Cénservation . Length .
I , l(longg;? 2(longer) 3(same)
513 (4.11) . pass 1 ) 1 1
Ny su (5.0) — 1. . 1
. 823 (46.6)  pass ' 1 1 -
s27 (4.10) . pass 1 \;;6 1 .1
S29 (5.0) pasg 1 //// 1 1
.
11
S2 t 4. D pass 1 1 1
S5 (3.4) pass 1 1 1
s6 4.5y S 1 1 1
510 .(4.9) - pass 1 1 1
S11 - (4.10) pass 1 1 -
S.12 ‘ - (6.11) pass 1 1 1
528 (5.0) . . " pass 1 1 -
g ’
11t :
, S1 (3.9 - 1 1 1
S8 (4.5) e 1 1 1
S20 (4.3)- —— 1 1 1
- osa (5.2) j— 1 1 1
10 16 14 13
S “



Appéhdix A
Expt. 4

TaBle A4—6

Age, Cbnservation status, scores on length questions, Guessers (N=15).

~

Age Conservation ‘ Length .

s 1(longer) 2(longer) 3(same)
16 3.3 —— 1 1 .-
17 - 3.8 —- 1 1 -
18 4.1 — 1 1 -
19 4.1 ——- 1 - -
3 4.2 — 1 r’ -
4 4.3 —— 1 1- 1
21 bot — 1 1 -
22 4.5 -—— 1 1 -

Y 7 4.5 — 1 - -
24 4.7 . I -1 1 1
25 4.8 e 1 1, =
26 4.9 — 1 I 1
9 3.9 —— 1 1 1
15 5.0 ——— 1 1 -
30 5.2 pass i 1 1
N=15 T 15 W/

7 13 5



Appendix A

Expt. 4
_ Table A4-7 ' c
Total number of intrusions on all terms, nonguessers
Critical temm n

Subject r more k less R longer R shorter R

1 (11.5) 2 (1.5) 2 (1.5) 3 (3.5) 3 (3.5)

2 (10) 5 (4) 0 (1) 337 - 3(2)

5 (11.5) 3 (2.5) 4 (&) 0 (D 3 (2.5

20 (24.0) 6 (375 6 (3.5) 5 (2) 4 (1)
' (20.0) 4-(3) 7 (4) 2 (1) 3 (2)

8 '(22.5)' 4 (1) 5 (2.5) 5 {2.511’/, q (4)
.23 (15.5) 5 (4) 4 (3), 3 (2) 0 (1)

10 (2.5) .0 (2) 1 () 0 (2) 0 (2)

11 (6) 2 3 2 (3) 2 (3) 0 (1)
" 27 (8.5)—= 3 (4)' 2 (3) 1 (1.5) 1 (1.5)

12 (25.6) -° 7 (3) 4 (2) 9 (4) 22 ()

13. (22.5) 2 (1) 8 (4Y 3 (2) 7 (3)

28 (17.0) 1 (2) 7 (4) 0 (D) 6 '(3)

29 (4.0) 0 (2) 2 (4) 0 (2) 0 (2)

14 (6) . 2 (3) 4 (4) 0 (1.5) 0 (1.5)

31 (2.5) ; 4) 0 -(2) 0 (2) -0 (2)

N =16 .47 (43.5) 58 (49.5) 36 (34) . 36 (33)

R = withiﬁ susject.rank W . RS ;

across subjécts rank -

=
L}




Appendix A

Expt. 4
N !
Tabl~ A4-8 .
Total number of }ntrusions on all terms, guessers
Critical term L.
Subject r more R less R longer R shorter R
16 (18.5) 1 (1) 4 (3) - 7 (4) 3 (2)
17 (27) 9 (4) 3 (1) 7 (3) 4 (2)
18 (15.5), +3 (2.5) 5 (4) 3 (2.5) 1 ()
19 (25.6) 5 (1.5) 6 (3.5) 5 (1.5) 6 (3.5)
3 (13.5) 2 (2.5) 6 (4) 1 (1) 2 (2.5)
"4 (29.5) 5 (1) 11 (4) 7 .(2.5) 7 (2.5)
21 (8.5) 3 (4) e 1 (1.5) 1 (1.5)
22 (21.0) L Y 3 @) 6 (3) 7 (4)
7 (1) 0 (245) 0 (2.9) 0 (2.5) 0 (2.5)
24 (18.5) 2 (2.5) 11y - 0 (1) 2 (2.5)
25 (28) 3(1) 9 (4) . 7’(/ 4 (2) Y8 (3)
26 (13.5) 4 (3) 775 (4) ) -1 (1.5) 1 (1.5)
9 (30.0) 12 (4) 11 (3) &\ §6 (1.5) 6 (1.5)
15 (29.5) 2 (1) 4 (2) 1\2/(3.5) 12 (3:5)
30 (6) 3 (4) 2 (3) \) (1) "1 (2)
N =15 . 55 (35.5) 82 .(47) 60 (32) 61 (35.5)‘
R = within subject rank
r = across subjects fank
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- Appendix A~
Expt., 5
’ - Table AS-1
Number of trials to criterion on the nonverbal relational
discriminations.
Ist discrimination énd discrimination
Subject “Age Sex Order *
More Less
1 3.7 M - 36 T
2 4.0 F — 36 29
3 A 1 3 , 36
4 4.3 M I 36 36
5 5.3 M L 10 10
o .. Longer
6 3.)11 F I 25 36
7 3.9 M . I 28 23
8 b4 M - — 36. 36
9 4.9 F — 10 10
10 411 F _ 18 36
‘ s Shorter
11 3.1 M s~ 36 36
12 VR I 36 10
13. Lo F . 10 18
14 5.2 M 1 S ¥ 18
15 3.8. F 1 L 36 ,f D 27
’

x Session one : Discrimnation - X

gession one Verbdl

-

g ve ot wadis
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-

, Expt. 5

Table A5-1 (cont'd.)

Number of trials to criterion on the nonverbal relational
discriminations.

-

lst discrimination 2nd discrimination

‘Subject Age ' Sex  Order \

Less More
16 3.5 M . 36 © 36
17 F — 36 36
18 M 1 36 36
19 M — 10 12
20 5.3 F I B ) 11
(?'v/’\‘ | Lenger %
24 I T 36 36 {
[ h .{‘
25 3.11  F 1 36 36 i
21 4.2 F I - 10 10 *
22 4.7 r — 36 36
27. 5..3 M | —_ 13 _ 36
S Shorter
28 38w o .36 : 16
29 310 1 T 18 ‘ 17
30 4uh M — © 14 36,
1 k9 ¥ e 13 .
32 5.0 M- I 10 . 2%

el



Appendix A
. Fxpt. 5

Table A5-1 (cont'd.)

Number of trials to criterion on the nonverbal relatiomal
discriminations.

Ist discrimination 2nd discrimination

Subject Age Sex  ®order

Longer More
33 3.6 F — 19 36
34 311 M T 32 36
35 4.1 F _ 10 36 g
36. 4.2 M — 10 Y
5- 5.1 F T 36 ' 36
Less
37 3.7 F -~ 36 36
38 4.2 M — 12 28
N s
39 4.6 M L 36 36
40 4.10 F T 10 36 K
41 5.0 M T - 36 36 |
' Shorter
42 3.7 M L 25 20
. , .
43 bk M I . 28 29,
44 4.3 F I - 13 : : 10
45 | ¢ 4.7 3 - 28 36
46 - 4.1l F — 12 16

L rei e At i K St Yl W TR i et

B b
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Expt. 5

Table A5-1 (cont'd.)

Number of trials to criterion.
B}

K Ist discrimination 2nd discrimination

<
*

Subject Age Sex Qrder

Shorter More
47 3.5 M — 36 ‘ 36
48 3.2 F — 10 36
49 3.9 M T 13 19 \ .
50 4.4 M —_ S L
51 4,10 ¥ — ] "o 22,
' Shorter . :Le§s
52 3.5 F I 3 N - 36
53 4.1 M 1 13 36 |
55 4,3 F —_ 13 ’ 17
57 411 F o 16
58 5.3 M I. 10 36 '
Shorter Longer
59 3.4 F —_ 10 13
60 4.3 F T . 11 - T 3%
61 46 M — 10 13 {
63 (5.2 M T A 10 12
64 5.1 F —_— | 9 10

& - ) ‘s';} '
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&
Table AS5-2

Total number of errors on critical terms

. e .
Discrimination

$

i

more

Group
more

~less

more

St
S2
S3
sS4
S5

56
s7

-longer S8

.

-

_ more

S9
sl1o0

S11 -

S12

-shorter S13

less

-more

Sli4
i&:S
S16
Si7
518
519

520

3

%, B SRR N VR V) O W & »n o —_w N

O LWy B

¥

longer

2

3
3
2
1

N NN N [EndE A N B ~ B 0

~ - O O

oy

by disériminaciqg groups,

less shorter
2 5
4 4
L3 1
4 2
0 1
% 5
©5 4
5 4
3 2
0- 1
6 6
4 5
2 3
1 2
6 4
’D
3 4
. 6 5
b 4
0 0
2 1

b

S

RS SRRV o g -

TN
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Total number of errors on critical terms by discrimination groups.

Discrimination
i

/

Table AS5-2 (cont'd.)

more

longer

less

-longer

less

s24
§25
s21
8§22

]

S27

S#8
529

—-shorter 530

P
longer / :;;Z\\

-more (\

longer

-less

§31

3327,
N ]
533

$35
$36
SX
537
538
$39
S40
s41’

RO O W O & w N

o [NCREN UV I U R

N = = N RN W W W W = W

NN N

(.//

—_ W W W\ — W

w O O &~ W

[US T W, TR R S R

less

Appendix A

Exnt.

shorter
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Appendix A
Frpte 5

Q.) Tolhle AS-" (fant 00D
lotal numbes 1 orrore on eritical b

trrm b discririnatyon proups,

4

Discrimination ror longen 1oy shorter

42 1 ] ‘ 2 /
-
Jonper S63 4 3 4 /
-shorter S44% ] 1 | }
<49 i A N .1
: S4h 1 1 1 2
SN
Q47 {» /i S A
#

shorter N S 2 4 4
-more S49 2 3 2 3
S50 2 i 3 0
SS51 N - ! 0 1
S52 3 2 3 N
shorter S53 5 3 . 5? 2
~less S35 0 1 3 1
§57 1 2 N 3
S§5% 3 4 5 2

s
3
[
(98]

3 2

shorter SA0 0 1 3 3
longer Sh1 4 4 4 3
S63 0 2 2 1

564 4 I 5 2

Fotat 150 138 175 142

‘fean 2.65 2.30 2.92 2.37

&y

Ve

mm— e
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Responsas on congruent and incongruent stimuli - alf/ggkiij;p

TabJn AS-3

Appendix A

Expt.

More ) Longer
Subject Congruent Incongruent Congruent Incongruent
0 CLO 0 CNO
1 2 21 - 1 21 -
2 2 3-- 2 21 -
3 2 111 1 12 -
4 1 12 - 1 21 -
5 - 21~ 1 3 - -
6 2 111 1 2 -1
7 2 - 3, -~ 2 12 -
8 2 12 - 3 21 -
9 2 2-1 - 12 -
10 - 3~ = - 21 -
11 2 - -3 2 --3
12 - 2 -1 - 12~
13 1 2 -1 1 21 -
14 1 -3 - 1 2 -1
15 2 - 21 1 2 -1
K
‘C - Correct e
L - Length Assimilation Error ‘ﬁ
N - Number Assimilation Error
0 - Unclassifiable Error ‘

k¢¢-

5
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Appendix A
. Expt. 5

) P Table A5-3 (cont'd.)
Responses on congruengzand incongruent s;ﬁmuli ~ all subjects
< ~
) - %

{

More Longer
Subject Congruent Incongruent Congruent Incongryent

0 CLO 0 CNO
16 1 -3 - ;3 21 -
17 3 - 12 3 --3
18 1 1 -2 - 3 - -
19 - 3-- - 21 -
20 - 2 3 - - 2 12 -
24 2 12~ 2 3 - -
25 1 -21 1 3 - -
21 2 12 - 1 12 -
22 1 3 - - .- 211
27 - . 3-- - -3 -
28 1 2 -1 - -21
29 3. 1-2"° 2 2 -1
30 1 . 1 -2 {;} 1 21 -
31 2 12 - - 2 -1
32 - 3-- - 12 -



] W

Table A5-3 (cont'd.)

Appendix A
Expt. 5

] : N

) ¥ ¥ N ) :
Responsés-on congruent and incongruent stimuli - all subjects

Lodger

(ﬁ\' Subject Congruent Incongruent Congruent Incongruent

33
34

35.

36

X

37
38
39
49

T 41

42
43
44
45
46

2

[ S B ]

e o )

1 -
2
2

¥

[T T S S S NW
1

t
(9%

NN W
—

2

A

.2

P i T e

2 -1

T
-\-'—2"1/?
21 -
21 -

]
[ T I
I

.._.
— = {0
—

Y aat

D58 7 it o e AL i YAk b K s




Table A5-) (coﬁnj'd.)

Responses on cofigruent and incongruent stimuli - all subjects

v

More Lfonger “
Subject' Congruent Incongruent Congruent Incongruent
0 CL 0 0 CNO
47 3 =3 - 1 1 ~2
48 3 1 2 3~ -
49 - 1 -2 - -3 -
50 ~ 12~ - 21 -
51 - - - - 21~
52 1 1-2 - 111
53 3 1 -2 2 2 -1
55 - 3~ - - 21~
. 57 1 3-- - 12 -
58 2 21 - 2 12 -
‘»\
?9 1 111 - 27 -1 .
60 - 3-- - 21~ T
61 1 111 3 2 -1 .
63 - 3--~- 1 2-1
64 2 1-2 - 21 -
- S
Ay r
' K

T e S i B i Sk R e
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Tablv_ A6-1
Responses on Standard Language Task by subject, configuration, questlon,
and type of error. -Age and conservation status indicated.

Legend
C = correct
@ = unexplained
L = length strategy
"N = number strategy ' ’ . ’
Nonguessers (N=18) . Conservation
Cr = conserver More . Loner
' Cong,. Incong. pong.‘ Incong.
Subject (age) cC 9 CL P cC 9 e L}
S6  (4.0) 3 - 3-- 3 - 21 -
s7  (4.2) 3 - 3, - 3 - -3~
S9  (4.4) . 3 - -3 - 21 3--
S13 (4.7) 3 - 3 - - 3 - 3= -
Sl4 (4.9) 3 - 3 - - 3 - 21-
S15 (4.9) 3 - 3- - 3 - 21 - . Cr

S16 (4.10) 3 - 3 - - 3 - 21 -

18 (5.0) 2 13- - 3 - 3-- .

s19 (5.00 3 - 3 - - 3 - 21~ : cr
824 (5.3) 3 =~ 3 - - 2 1 21 - Cr
S26 (5.5) 3 - 1 -2 3 - -3- Cr
s27 (5.7) 3 - 3 - - 3 - 21 -

$28 (5.8) 3 = 2 -1 3 - -3- Cr
s29 (5.8) 3 - 21 - 3 - 21 -

"831 (5.9) 3 - 3 -~ 3 - -3 - Cr
$32 (6.1) 3 - 3 - - 3 - 12-. C er
834 (6.4) 3 - 3 - - 3 - 21 - Cr
S35 (6.4) 3"§"— 3 - - 3 - 3 - - Cr

>

i, S et

P PN at‘.eﬁmmm.

W sevaimse s we 3 os e
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Table A6-1

Responseé on Standard Language Task by subject, conf{iguration, question,
and type of error. Age and conservation status indicated.

Guessgrs N = 18) Conservation
ﬁggg ’ Longer
Cong, Inboﬁg. Coﬂg: Incong.
ISubject (age) c 9 cCL® c 9 CN®
1 (3.0) 1 2 - -3 1 2 2 ~ 1
5 (3. - 3  -12 1 2 1 -2
.3 (3.5) 1 2 111 - 3 111 -
4 (3.7) -1 2 12 - 2 1 12 - j
5 (4.0) 1 2 -3 - "3 - 3 - -
8 (4.2) 1 2 12 - ) 111
10 " (4.8 3 - 21 - 1 2 2 -1
1 s - 3 =12 / 2 1 - 12) )
12 (4:6) 2 1 1 -2 2 1 -2 1%
17 (4.10) 1 2 111 2 3 - -
20 (5.2) 2 1 21 - 2 1 21 -
21 .(5.2) 1 2 111 2 1 3--
22 (5.2) 1 2 2 -1 1 2 - 21 )
23 (5.3) 2 1 -12- 2 1 - 12
25 (5.4) 1 2 21 - 2 1 - -3
30 (5.9) 2 1 21~ 12 12 -
33 (6.3) - 3 21 - 1 2 21~
20 2-1 ) 21 - 8

. 36 (6.4) 1

R
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Table A6-2.

Responses on length task given in conjunction with verbal task.

Guessers ’ ' . Nonguessers ,
Array: 1 2 3 , Array:' 1 72 3
. 81 - 1 - S6 s - -
3 - 1 1 57 - 1 -
'S4 - 1 - : S9 - - -
S5 - - - s13 - - -
S8 O s14 - - -
$10 - 1 1 : s15 - - -
s1r - 1 - si6 - - -
512 - - - s18 - - -
517 - - - s19 - - -
s20 - 1 - _ : ) s20 - 1 -
s21 - - - s24 - - -
s22 - 1 - ‘ $26 - - -
s23 1 - - ’ s27 - - -
525 1 1 —(' s28 -~ - -
s - - - s29 - - -
$33 ) - 1 - “l\ fo 831 - 1 -
S - 1 - oY 8§34 - - - -

2 1 2 - T ~ X

0 4.0 7

Total Errors 15 ’ : 4

Correct 39 : 50

S Legend

- correct

1 error

S = o ——t

e~ =
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Table AG-3

Responses on Standard Toy and Fit Tasks by subject, configuration,
questlion and type of error. :

@ - unexplained

- - ‘correct

N - number stxategy
L - Length strategy

Q

. Nonguessérs
subtask (a) subtask (b)
configuration 3 configuration 4
Beads String Fi Blocks ‘Boxes Fit
Length N;mber'Lquth B : Length Number Length

s6 0 - - - - - - L
s7 N - ) - N - - -
59 - 9 - - -~ =t - P
S13 - - .- - - - - -
Si6 = - - - - - - L
s15 - - - L ' N - - -
s16 - . - -2 - L - -
S18 - - - — - - - L
‘519 - - - L - - - -
S524 - - - - c- - - -
S26 - N P - L N - - -7
s27 - - - L N - - -~
528 N - - = N - - L
s29 - - - - N - - -
§31 N - - L N - - -
832 ~ - ] L - - - -
3 N T o~ - - N - - - :
$35 - - - L" - - - L l




56
S7
S9
S13
Sl4
S15
S16
S18
's19
S24
526
S27
528
529
531
532
$34
S35

subtask (c)

configuration 5

Cars Trucks Fit
Length Number Length
L - L
I: ¢ -
- 9
Ia - -
- - L
¥
- — L N
- ¢ -

Table A6--3 (cont'd)

Nonpuessers

Appendix A
Expt. 6

subtask (d) .

configurations 2 & 3

Swans

S~

Nests

Length Number Length Number

3 A i BB B G 0 e 20 el



N

Appendix A
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Table Ac-3 (cont'd.)
Guessers
subtask (a) subtask (b)
configuration 3 confipguration 4
Beads String ’ Fit Blochks Boxes Fit
Length NumbergLength Length Number Length
s1 - L - L N - - 0
52 g, p 6 1L ) 9 ¢ ¢
S3 N -. - L N 9 - @
S4 N - - @ N 4 - L
85 - - - L - L - L
S8 - L - L N ¢ - -
S10 T - L N - - @
Sil - L - L g 8 - -
S12 N - ~ - - - - -
S17 - L - L - L - -
520 - - - - ? - - -
s21 9 ¢ - - - L - )
522 ® - - o N - - -
523 N - - - N - - -
SQS - L - L - L - -
530 - - - - N - - -
$33 - L - P @ # - ¢
s36 , - - - - N - - -
¢



S1
52
S3
S4
S5
58
510
S11
S12
S17
.520
s21
S22
S23
525
$30
533
$36

subtask (c)

Table A6 3 (cont'd)

configuration 5

¢
9
¢

Guessers

Cars Trucks Fit
Length Number Jlength’
L - -
f @ @
L - -
) - -
L - L
L - L
L - L
L - L
L - L
o ¢ -
L - )
L - L
pe - L
- ) -
L - L
L - L
0 ¢ -

Length Number Length Number

o
@

Appendix A

Expt

subtask (d4)

6

configurations 2 & 3

Swans

@
@

.

' z =z

S Z Z2 Z

Nests

N

@
L

I'it

I s - o

[l
<
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Table A6-3 (cont'd.)
subtask (e)
Nonguessers Guessers

Ech‘e span  fit . space span fit
S6 - - - s1 - -
S7 - - - 2 2 ¢
S9 - - - S3 - - -
S13 - - - S4 - - -
S14 - ©o- - S5 - - -
515 - - - . S8 - - -
516 - - - S10 - - -
S18 - - - S11 ¢ @ -
S19 - - - _ Si2 - - -
S20 - - - S17 - - -
S24 - - - . 820 - - -
526 - -, - l 521 - - -
527 - - - S22 - - -
S28 ‘ - - - §23 - - -
$29 - - - S25 ) - -
S31 - - - . 830 - . - -
532 - T 533 - - -
$34 . . - . - $36 - - -
8§35 - ) - -

A



Sl
82
S3
S4
S5
58
S10
S11
S12
S17
520
S21
S22
523
§25
$30
§33

S36-

Responses on Sticks and Pennies Task

Gues;ers
Sticks Pennies
- 1
1 -
1 -
1 1
1 -
1 -
1 -
- g -
1 / -
- 1
1 1
1 -
- ) 1
1 -
1 -
- 1

Table A6-4

S7

59

S13
Sl4
S15
S16
S18
s19
S24
526
§$27
S28

, 529

31
8§32
534
S35

Appendix A ﬁ 3

Expt. 6 k

3

3

L

R P

3

Nonguessers ' )
Sticks . Pennies /
- 1 !

1 -

o~ - :
H

- - 1
- - :z
‘lr‘ i

- - N\
1 1 34
1 - ) “‘E
- _ 1
1 - ]
- 1 &
- L ¥
1 : ;
4

, ; !

- indicates a
correct choice

1 indicates an error
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Table A6-5

Appendix A

Expt.

Abbreviated forms of subjeét's responses on production task.

Sl
s2
S3
S4
S5
S8
S10
Sil
S12
s17
520
S21
s22
S28
S25
S30
§33

Guessers
cars & traffic
that one & that one
car
longer
lots
I don't know
blocks & wheels
a car s
is short
(3)bigger (1)more
(2)longer (1)shorter
—_
more longer
made it
three and four
smaller

longer

$6
S7

S9

S13
S14
S15
S16
S18
S19
S24
S26
$27
528
$29
s31
532
$34
$35

Nonguessers

-noted number

Jdaonger, 3 little
longer, 1 & 3 smaller
longer-shorter

more than, bigger

in the middlé of a train
longegq—because 4
wider; shorter

longer & longer

car description

more

bigger

Sk et v e s -

6

/

R SO R AV

L AN 2 v e <o gt ek s R R

4
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Table A6-6
Responses on the ''Sho Me" portion of the Cars Task. ‘ E
f/‘
Nonguessers :
Question §
[
1 2 ~ 3 4 5
"more" "longer' "longer houses'" same L same Number
S6 3(S) 1(N) - 19 )
s7 . 2(L) 1(N) 1(n) - - :
S9 3(s) - - 2(L) 2&3(N) 20
S13 - 1(N) 2(L) - 3¢
S14 - 1(N) 2(L) - -
515 - 1(N) 1(1) 2 - i
S16 - - 1(N) 29 - :
518 - - - (162)9(s) ¢ 7
519 - _ - - -
S24 2(L) - 2(L) - -
S26 - 1(N) - 26 - b
527 - - - - (163)L :
528 - 1(N) 1(N) 2&3(N) - :
529 - - 2(L) 263(N) -
S31 2(L) 1N - 1¢ 3¢ %
§32 - 3(8) 1(W) ’ 1(N) (2&3) (N): - e
S34 - 3(8) 2(L) (2&3) (N) - 3

$35 - - ' - - -

e e ooy

- correet
number refers to line(s)
chosen in error .
letter refers to type of error
number
length
unexplained
size

$
H
3

nmwnn

na- =z




1 Appendix A .

, . Expt. 6
\/\) Table A6-6 (cont'd.)
Responses on the '"Show Me'' Task
Guessers
Question
1 2 3 4 5
"more" "longer'" “longer houses' same L  same Number
S1 3(S) 1(N) - 2¢ 3¢
S2 3(8) 3(s) - . 3¢ 0
s3 - - 2(L) 19 3¢
s4 3s)  1(m) 1y 0 20
58 3(s) - 2L) / 1¢ )
S10 - - 2(L) 3¢ 3¢ .
s11 - 1(N) 1(N), (2&3) (N) 3¢ ’ .
512 3(8) . 3(S) 1(N) (1&2)(s) 20
517 O - " 2¢ 1¢
20 - 3(8) 2(L). - -
S21 2(L) - : - - (1&3) (L)
S22 2(L) 1(N) - 1¢ . 3¢
S23 2(L) 3(8) 1(N) - 7 3¢
525 - - B (263)(N) 14
$30 2L - 1(N) 283y () -
$33 3(8) 1(N) 1(N). (12¢) (s) all, ‘
$36 - 1(N) - - -
1 4
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Table A6-7
Responseas on the 'Make me a Row Tank"

1 N

Nonguessers
. .

1 2 3 4 5 -
now (//FN::me L longer more same N

S6 1 . N - 1 -
S7. - - - - -
S9 - - - - 1
I3 - - - - - -
S14 - - - Lo -
S15 - - - - -
Si6 - - C - - -
S18 1 1 1 1 1
S19 1 1 T - -
524 - - _ - - . -
526 - - - - .-
527 - - - - -
528 1 1 1 1 o
29 - - - - -
531 -4 - - - -
532 1 1. -1 1 1
S34 - - - .- -

535 - ! - - 1

v aee B




Responses vit the "Makewmé a Row Task'

Ss1 -
S2 1
S3 -
S4 -
Tha -
s8 -
S10 -
si1 -
S12 1
s17. © =
$20° -
521 1
S22 -
823 1
$25. -
$30 -
$33 1
536 -

Legend
- correct

1 incorrect

2
same L

1

,—al,—. — — y— — — p—

Table A6~-7

Guessers
3
longer
1
1

4

more

[ i

Appendix A
Expt. 6

same N

[ e
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Table B3-1

A

ppendix B
Expt. 3

¢
Source table for three factor mixed design Anova on all errors.

Between factors: set siz;; within factors: preséntation.c:ondition‘

and question.

va.
Source SS df MS F P
Total 3176.6 543
Between subjects 1257.4 135 !
Set Size ‘ 50.05 1 50.05 5.55 <.035
Errorb 1207.31 134 9.01
Within subjects
transformation 0.811 1 0.81 0.83
question . 91.41 i 91.41 12.03 <..01
set size x transf.  0.05 1 0.04 0.05
set size x ques. 530.09 1 '530.09 69.76 <.001
transf. x ques. - 1.34 1 1.34 1.23
set size x t x qu. 0.01 1 0.01 0.01
Error1 130.9 134
Error2 : 1018.3 134
Err9r3 }46.4 134

et o ot

g ey T n bt

ooy )

i A ¥ e




Source table for three factor mixed design Anova on all errors.

Between factor:

and question.

Table

set size, within factors.:

B3-2

presentation condition

Appendix B

Expt.

3

/
Sogfce rSS . df MS F P
\Y
Total 2180.2600 495 4. 4046
Between subjects 625.01
Set Size 10.74 1 10.7442 2.134
Error, 614.26 122 5.0349
Within subjects
transformation 0.0505 1 0.0505 0.1002
question .75.0989 1 75.0989 1044 <.005
set size x transf. 0.1629 i 0.1629 0.3229
set size x ques. 451.0660 1 451.0660 62.7063 <.001
transf. x ques. 0.0017 1 0.0017 0.0023
_set size x t x s.s. 0.2432 1 0.2432  0.3315
Error, ' 61.5366 122 0.5044
Error, 877.5850 122 .7.1933
Error3 . 89.5029 122 0.7336
7

TH TR Dar Sk, sty e e
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Table B3-3

Appendix B
Expt. 3 |

Source table for treatment (presentation) by treatment (question)

by subjects Anova on subjects classified as length responders

'{?ﬁ[ 4
SS df MS F )
Presentation 2.7612 1 2.7612 _ 1.3806
question 798.03 1 798.03 399.0210  <.0001
pres. x ques. 4580 1 .480 .229 e
residual 389.9970 195 2.000
‘Total 1544, 540 o

263

E"t*

~}
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N

Table B3-4°
Source table for trcatment (presentation) by treatment (question)

by subjects Anova on subjects classified as number responders

N

ss df MS F p
Presentation 0.1454 1 0.1454 -0796
question 343.3080 1 343.3080 187.8740 <.001
pres. X gues. .0523 1 .0523 .0286
residual 230.2440 126 1.8273
Total 750.5290 ’ 171
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Tabl:- B3-5 ;
Source table for three factor mixed design Anova on all errors on E}

. 2
the small set. Between factor: grade; within factors: presentation

and question

pa—

Source \\\\\ df MS F p
Total
Between subjects 526.747
Grade 151.9620 . 2 75.9808 12,721 <.001
Errorb 374.7850 63 5.9490
Within subjects g
transformation ' - 0.4583 1 0.4583 °* 0.4934
question ) 88.6704 1 88.6704 11.7266 <.005
grade x transf. 4.7803 2 3.3901 2,5735
grade x ques. 55.7048 2 27.8524 3.6835
transf. x ques. 0.8523 1 0.8523 1.1978
grade x t X g ©2.0664 2 1.0332 1.4520
‘Errorl . 58.5115 63 0.9288
Error2 476.3750 63 7.5615
Error, 44,8281 63 0.7116

-
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Tab te B3-6
Source table for three factor mixed Anova on systematic errors on

Appendik B

Expt. 3

small set: between factor ' age ; within-presentation condition and

question,
AN
N
Source Ss df MS F p
. ]
A *~*_/)7
Total 899.4960 239 3.7636
Between subjécts
Grade 43.6583 2 21.8292 5.0256 <.01
Errorb 247.5880 57 4.3437
Within subjects
presentation 0.1041 1 0.1041 0.2065
\ R
question 7842041 1 78.2041 10.4263  <.0001
‘ grade x pres. 1.9082 2 0.9541 1.8924
I <
1 " grade x ques. 43.0083 2 21.5042 2.8670
| pres. x ques. " 0.0375 1 0.0375 0.0753
grade x p x%g. 0.3247 2 0.1624 0.3260
Error1 28.7377 57 0.5042
Error . 427.5380 57 7.50075
2
Error3 7 28.3867 57 0.4980




Tabl«

B3-7

Appendix B

Expt.

3

Source table for three factor mixed design Anova on all errors on

the large set. Between factor: grade; within factors: presentation
and question.
Source SS df MS F P
Total
Between subjects 602.25 65 .
Grade 188.576 2 94.3878 14.359 .001
Errorb 413.682 63 6.5664
Within subjects
presentasion " 0.2422 1 0.2422 0.2431 ,
question 546.9700 1 546.9700 89.4935 .001
grade x pres. 4.4839 2 2.420 2.2500
grade x ques. 414.4844 2 22,2422 3.6392
pres. x ques. 0.5449 1 0.5449 0.3571
grade x p x §g 2.8174 2 1.4087 0.9232
Error, 62.7739 63 0.9964
E;'ror2 385.0460 63 6.1118
Error3 96.1348 63 1.5260
’
@
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~ Table B3-8
86uFee kghie for three faeter mixsd dsaign  ARBVA on systematic

errors on the large set. Between factor: grade; within factors:

presentation condition and question.

Source i SS df MS F P
v d
Total 1180.9300 239 4.9412
Between subjects :
Grade 83.1082 2 41.5541 11.5369 <.001
Errorb 204.8250 57 3.5934

Within Subjects

presentation 0.0665 1 ' 0.0665 0.1427 ——-—-
question 453.7500 1 453.7500 97.0586  <.001
grade x pres. 2.3585 2 1.1793  2.5296  —mmmm
grade x ques. 87.7747 2 43.8873 9.3877 <.001
pres. x-ques. 0.1499 1 0.1499 0.1582
grade k p x g 1.8242 2 0.9121  0.9624
Em&;l 26.5350 57 0.4662
Error, . ' 266.4760 57 4.6750
h Error3 \ 54.0244 57 0.9478
'
;-
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Source table for two factor mixed design Anova on all errors; between

Tabl«~ B4-1

Appendix‘B
Expt. 4

factors; order of testing, within factor; critical term.

Source SS df ms F p
Total 480.669 123 - - ="
Between subjects 157.419 30 - - -
Order of testing 9.086 1 9.086 1.78 n.

Error (b) 148,333 29 5.115 -
Within Subjects 323.225 93 - - -
Critical term 20.859 3 6.953 2.09 n.
Term x Order 12,473 .3 4,158 1.24  n.
Error w 87 3.332

289.918
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Table B4-2

Source table for treatments by subjects Anova, all errors on
incongruent configurations, 3,4,5. Nonguessers only.

Source SS df MS F P

Total 286.43 63 - - -
Subjects 79.94 15 - - -
Terms " 37.81 3 12.61 3.36 < 05
Error 168. 68 45 3.75 - -
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Source Table B4-4

Source Table for Two factor mixed design Anova. Between
factors subject classificationy guesser, non-guesser. Repeated

measure:Question. Raw data® Intrusions on all configurations.

e

source SS. . df ms F

fotal . 1122.992 123 - -
Between sub. | 612,242 30 - -
Condition (classification) 72.942 1 72.942  3.9224
Error b 539.3 29 18.596 -
Within subjects ‘ - 510.75 93 5.4919 -
Question . 42.6611 3 14.22  .2.6820
Question x classification 6.703 3 2.23 .42
Error w 461.338 87 5.302 -

: V“]
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Table B5-1

Source table for treatment by level Anova on total number of
errors on critical terms. level: children's age; treatment:
critical term.

source SS df MS F p
Total 133.93 59 - - -
age 12.1 1 L12.1 6.612 <, 005
question 15.27 . 3 5.09 2,78 <.05
age x question 11.145 -3 3.715 2.03
error 95.41 52 1.83






