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Abstract
Classificaﬁibn, the réqognition, construction, and ordering of
clasges, is a_basic part of thought process. One aspect of classifi-
cation,'dlgés inclusion, requires the quantitative comparison of a
superordinate class and its included subclass. According to Piagetian

theory, class inélusion is the definitive test of classification

competence because inclusion abilityfdemonstrates understanding of the

relationships between diTfferent hierarchical levels of classeg.

Consideration of the relationship of Ianguage and thought léads

to critical examination of the role of language in assessment of

classification skills. To the extent that classification ability

precedes or is indepeﬁdent of language development, procedures which

5 .

rely on linguistic comprehension and prodiuction will yield results

which are incbmplete and possibly invalid. ir we vary language in
assessment, we should obtain a° better understanding of early

classification strategies and ability.
This research on c¢lass inclusion treats language as an

independent variable in two ways, by examining alternate verbal foras

. 4
of the inclusion question, and by reducing language in that question.

Withirn the Piagetian research tradition there 3is only one

classification study with reduced language, and there is one recent

-
v

experiment which compared an alternate verdal form %o the standard

Piagetian question for c¢lass inclusion. Several experiments are

reported here which examined the effects of language variation on eclass

-

inelusion performance.

‘ (ii1) : :

-

i Sade nk Bk BN :d

PR PR PErY

[ PP ISR FYL Y I D]



.
= . «

. . . ”

/

In the first alternate form of the inclusion question the ﬁord

"all"® modified the superéfdinate class, and children gave more correct

answers in this case than with the standard unmodified” question.

Further examination indicated that children performed pétter with the

s

i

-

"all™ question because they understood. that questionbetter than the

standard question.

<

Hith'the second alternate inclusion fomn[_Siegel's question,
children were asked whether they wanted the superordinate claés or the
subclass. This was 'an attempt to replicate a previously reported
finding that young children_ggve more correct answers to this form than

. —_ .
to the Piagetian question. In the work reported here, after the
children answered/!they were told 'to take thpi% choice, and whén
analysis included both this behavioural measure and verbal responses,

¢

there were no differences in performance on the standard versions of

Siegel's and Piaget's questions. This discrepancy with the earlier

- N

finding is discussed in terms of methodological differences between-the
studies. In contrast to the standard version results, when the word
"all" was used in both gquestions the performance differences obtained

were consistent with the previoqglfindins: younger children gave wmore

-

correct ahswers to Siegel's than to Piaget's question.

Language in the inclusion guestion was reduced by using visqal
symbols'to iﬁentify the subclasses and the superordinate ¢lass. Fod;—
year-olds gave more correct answers to the reduced language quest; n
than they did go the standard question in which words -identify the

classes.

(iv)
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A mathematical model is presented whi.ch estimates underlying
components of" correct and error response to the inclusion question,
allowing analysis of the strategies that children use with different
forms of the inclusion question. For ‘example, the I‘our-year-olds did
not do better with the reduced ianguage question because they were
demonstréting more ineclusion logic with that form. The difference j;n

results was baded on use of different non-inclusion strategies: with

/me reduced language question the' children were more likely to guess,

" and Gith the standard question they were more likely to compare the
‘.\,‘subclasses to each other. Use of the mathematical model was critical

ik\preventing false interpretat®n of the results.
'\

The wmethodological and: analytic implications for class

inclusion research are discussed. In general, these studtes

P

demonstrate the usefulness of alternate approaches to inquiry,
analysj.s,'-and interpretation of the existing datg concerning the

-

_development of thought processes.
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Language and Thousht

Language and thought are important to us because they seem
{miquely human. Some of the other primates solve problems and can be
taught® to communicate with symbol systems. But only human beings
sponté.ﬁeously develop an exten:;vé language system" in their naﬁural
social en\}ironment, and humans have more complex and abstract -thought
processes than other animals.

The general purpose of this thesis is epistemological because
the foéué ‘is\ on ways of knowing about children's thix_:k:_i.ng, based on a
_ consideration of the _zf_e;_.gtionship of language and thought. Ass_ess:nent
procedures used in the étudy pf cogni.tive development are examined with
regard to effects of language in our estimation of children's logical
ability. Within this general context, the specific inquiry éo_ncerns
language effects in. the assessment of class._ inclusion ability.

Language 1s a syste:zl'\ of conventionalized signs which
communicate feelings andA thoughts. In this work language refers to
words in ;rammat.ical relationships, that is, human verbal langpage
which expresses and symbolizes instances, ideas, classes, and
relationships._ Thought is difficult to define. Dictionaries speak
circuitously of that which is in the mind, the act or process of
thinking, Judgment and reason. The word "thought" is used here to
refer to the cognitive processes of . receiv:\ing, processing,

transforeing, storing, and recalling information, and there is special

[
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interest in the understanding and manipulation of relations, for
example understanding the reletionships’ between classes.

Spoken and uritten la.n,guage can’ be observed and measured in
psyohological research. Thought is ~quite a different matter. .B.F.
Skinner, the well -known behavioural psycholqg'ist does not deal with
thought because it cannot be observed Cogpitive and ‘cognitive
develop;e_ntal Ppsychologists do study thought even though it cannot be
seen, touched, tasted, or ‘direc'tly meaoured. They do so by treating
| ~ thought as a hypothetical constroot which is _j_.nferred from certain

.

behav'iours, including, but not -limit_ed to, verbal behaviours. The

point of the researcb reported here is to cons:.der the effects of

' language in the study of cognitive develoment, specifically in class

s

inclusion, and to pursue this mqu.xry we must cons:.der the 'f‘elatlonshlp
of language and tbought

‘ io ip o | Q. O

\ There are three possible relationships between language and

\.

\
tho&zght. One 1is 'that language is fundamental, that it leads and
\ .

inf‘orr.ss thought. Another is that thought is prior to language, and

that c\ogpitive development is instrumental to acquisition of language.
.

A third possibility is that thought ‘and language are independent.‘ In

an extreme form this seems implausible since language is obviously a

vehicle for the expression of thought, apd less obviously, thought

appears to shape and even ereate language in certain instances, for"

exampie in poetry and other aesthetic uses of language. However, it is

possible to imagine language and thought as independently functioning

systems which are brought to bear upon one another when appropriate. A



variation of this position is that language'and thought are separate-

systems, noHirect:ly dependent upon -each other, but- that, both are

- ’

based on some t.mderlying process. In this view language and thought

are parallel. In~considering the three possibilities we might bear in

mind that the relatidnship between language and thought may vary._

depending ono the stage of human development.
osit t : je to ought
The position that language is basic to thought was clearly
expressed b} Benjamin Whorf, who considered speech "the most- human of

all actions (1959, p.178)." Whorf said, "The background linguistic

system...is itself the shaper of ideas, the program and guide for the

individual's mental activity, for his analysis of impressions... {1956,
,.9.212)." Cne implication of this position is that because tl'iere are
different htx:;an languages, tiz_ox'z_ght differs between cultures. Whorf
asserted that the grammatical -structuure of language shépes not only
perception, but also the organization and evaluation of experience.
'Tnus, there are different world viéws and dif‘ferent.modes‘ of cognitive‘
functioning, and those differences‘are language-based. Penn (1972)
pointed out that Whorf's position may be inter-pr-et.éd in an extreme
form, that la.nguage. determines thought, or in.a milder form, that
language influences thought.

Carroll and Casagrande (1958) directly tested the Whorfian
_asser-tion ﬁhat gbammatic-:al structure affects cognitive functioning.
With some Navaho verbs, r‘or. example "to carry;', the ending attached to

the verdb is determined by the phys;cal form of the verb's object and

P

Navaho children are able to use these’ verb end:.ngs correctly by age 3
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or 4. Since attention- to form is required in:‘Navaho spe’ech, it‘: was
Jpredicted that -children- who predcmix_aantly -spoke Navaho 'would be more
likely to use form to group, objects than children who‘pred;:mixiantly
spoké- English. Navaho children, aged 3 to 10, . were divided into
Navaho-dominant and English-deminant groups, a:;d were given a matci:ing
task. They could match an object to a model on the basis of either
color or form. Cohsistent .Hith the prediction, the children who were
prédomiﬁantly Ha:aho;-speaking were much more likely than the English
speakers to match the objects on the basis of their common form, 'E_:;tther-

!

; ,
thanr on the basis of common color. Carroll and Casagrande also tested

a control group of white, urban, middle-class children on this task.

~

PIPPPTRSP

The white children. performed like the Navaho-dominant group: they were
- ' .

;,,'_._;aor'e‘—.:'inikely to match -by form than by color. This additional finding
’gcomplicates interpretation of the results. Dale (1972) suggested that
different factc;rs may predispose different groups to prefer form-
matching. .hposure to their language structure may influence Navaho-
.speaking children to match for form at an early age. For ‘the white
children, their higher social-econpmic status; ﬁé}%’g?ged rup tfle
transition from \golor grypuping to foﬁn grouping, since the usual
develommental sequence in sorting. is to -use first color and then shape.
Brown and Lemneberg (1954) tested the Whorfian position in an
experiment based on the fact that color categor‘ie.é are represented
differently in various languages. They predicted that people would
nore readily recognize different shades of a color if those shades ha\fe

2 simple name in their language. For "eia?:;ile, yellow-green is named by

one word in Shona, but it has a composite name in English. The results

4
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supported the pre&iction-thaﬁ availability of simple verbal labels is

relaﬁed‘to:repogn;tion performance. Colors with a clear-cut name were
recognized more fFadily thaq other hues. Hbuever,_in a later study
Lennéberg (1961) obtained“aoﬁewhaﬁ discrepant re#ults.l He gave
university undergraduates a samp}e of the color blue-green, and
suppliéd one of fdﬁr verbal labels: blue, greem, blue-green, or Ereen-
blue. The prediction was .that the students who receiyed eithér of the
more comronly-used color names, green and blue, would distort their
‘recall choice in the direction of the verbal label _atore than the
students who received blue-&?éen or green-blue. There was, houe;;r, no
difference in the- récngition performance of the four groups of
subjects. Lenneberg concluded that language éffects recognition tasks
with a strong memory demand, like the tasks in Brown and'Lenneberg, but
;hat language 1is not-an impeortant factor in hué discrimination or in
relatively simple recognition tasks like those used in the seifnd
study. |
There have been other stddies .which examined the Whorfian
hypothg;ig by studying color perception,rfor example Lantz_and Stefflré
&196&); and Lantz and Lenneberé (1966). These studies measured verbal
producfivity,.speed of response, and memory for instances (Dale, 1972).
Overall, these data do not indicate that language determines
categeorization of co;or, and thus they do not support the Whorfian
position on language and thought. More recent evidence has in fact
indicated that the perception and categorization of color are
characterized by cross-cultural regularities despite language

differences in naming colors (Beider, 1971; Rosch, 1977). Since people

“ /
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in different cultures categorize colore :Ln basically the same ways but

to scma extent, name colors in different Hays, these data also do not

\

support the position that thought or concep‘te, shape language. 'I'he

f‘indegs indicate that there is a degree of independence between the

nam and the categorization of colors.

Two important Russian psychologists, L.S. Vygotsky and A.R.

Luria, have takem the- position that language is érueial in the

development of thoughtl. Vygotsky (1934/1962) held that\\langua,ge and
thought —are separate in the very young child, that tnere is a
preintellectual stage in speech, and a prelinguistic stage in\~ thought
development. Very soon however, language begins to serve cognitlve
development. The first function of speech is social, but speech then
dift:erentiates into a communicative function and an egocentx':ic
function. - Egocentric speech is transformed into inner speech ™which
9 es both autistic and logical thinking (1931&/1962, P.19)." Vygotsky

’-'|-_~ consider all thought to be inner speech; rather, thought and

[
.

1anguage overlap, with each having ‘some separate areas of function.

But he considered the cantributiqn of language to early cognitive
X o
A o
development substantial: "...the spg‘ec'h Sstructures mastered by the

-—

child become the basic structures of his thinking (1934/1962, p.51)."
Building on the work of Tfygotsky, /Luria and Yodovich
'(1959/1968) commented on language as a social mechaniszm that
contributes to cognitive growth.
Language, which incorporates <the experience of
generations or, more broadly, speaking, of mankind, is
ineluded in the process of the child's development froz

the first months of his life. By naming objects, and
so defini their connections and relations, the aduls

)

-
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creates new forms of reflection of reality in the

.child, incomparably deeper and more complex than those

which he could have formed through individual

experlence. This whole process of the transmission of

knowledge and the formaticn of concepts, which is the

basic way the-adult influences the child, constitutes

the central process of the child's intellectual

development (1959/1968, p.11). '
™. .

Thus, adult speech to the child is critical in the organization
of the r::hild's ment:él processes. Furthermore, adult speech organizes
and r'-egulates the child's behaviour: the child comes to act under the
direqﬁion of verbal influence and instruction. In time, the child's
own speech assumes this regulatory and organizing effect on behaviour.
In reporting a speech remediation program with twins who were language
retarded, Luria and Yodovieh observed that not only the children's
speech was improved. "...'ﬁe observed the beginnings of meaningful

play; there arose the possibility of productive, constructive

activity...{(and) a series of intellectual operations which shortly

i

before this were only in an eabryonic state (1959/1968, p.122)." Luria
and ‘.’odovicilu concluded that first the speech of others, and then one's
own speech directs behaviour and cognitive funetioning.

Roger Brown (1972) also commented on the s;acializing and
cosnitive effects of language. While language and thought probably
developed together over the history of a2 cultural group, the 3ituation
is different for the individual child. In talking with the c¢hild ’and
naning objects in the envirom::ent,‘ Brown feels that parents pass on
their own cognitive structuring, so that :hg child is influenced in
categorizing his or her experience. Browz supports a weaic Whorfian

position: Lo the exten

o

that children are motivated %o leanmn
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linguistic cultural content, the language of their community asasumes a
fomat.ive role in cognitive growth.

For Jerome Bruner (1956, 1964, 1966), language plays a central

"'rcie in mattzf-:e cognition. Young, ¢hildren can categorize objects non-

verbally, by putting items together on the basis of common perceptual
properties, or by making some kind““bf common response to items in a
cafegory. However there,are limitations to cognitive functioning which
is tied to perceptual properties and motor responses; this functioning
is static b«_ecause chil&r-en are manipulating either concrete objectsf or
images of concrete objects. Langﬁage provides children with a means of
moving from the \concrete to the abstract, from partig:,ular instances to
general attr_ibutés. This affordé childreg greater power to act on
experience intellectually. “Iﬁ effect, language provides a means...to

represent and systematically transform the regularities of experience

- '
_with far greater}flexibility and power than before (1964, p.4)."

-Languase' not only\ leads to greater flexibility and complexity of-

cognitive functioning, but in fact, language restructures intellectual
operations. Bruner (1966) asserted that language is instrumental in
changes from one cognitive stage to another, for example in the change

from focussing on pef‘ceptual attributes like form and color to

functional attributes that define categories like vehicles, furniture

and food.

In considering the position that language is basic to thought,
the Whorfian hypothesis engendered a great deal of interest and scae
regsearch, bul because of recent research findings this hypothesis is no

longer considered tenadle (Dale, 1972; Rosch, 1977). The work of

-
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Vygotsky and{jaria concerning linguistic control of behaviour continues’

to generate some interest in North‘America,-ror example the research

/ . : .
_reported by Miller, Shelton and Flavell (1970). Both Brown and Bruner

A

-continue to argue for the importance of language'in the development and
‘- .
functioning of logical processes.
The Ind i Positi

John' Macnamara (1977) assumed that language and .thought .are

.

autonoﬁous systems, and asserted that part of a;phild'q business in
development is building a representing relationship between the two,
that is, mapping language and concepts onto each other. Hé tikes this
position becaues he believes the grammatical structure of language'is

not semantically determined, and is independent of thought, which

occurs in the ®"intentional domain." Macnamara's approach is
é ilosophical, and is based on the work of psycholinguists.

e, .
Scholnick and Adams (1973) examined the possible independence

of language and thought. They pdinteg out that if language and thought
are related, one might expect acquisition ,of logical skills before
related linguistic competence. (The opposite might occur as well,
linguistic competence preceding demonstration of logical skill
acquisition. These authors do not discuss this possibility.) ifr
logical skills are not apparent beforé related linguistic competence
{and presumably vice versa), then it would appear that the two kinds of

Y

functioning, cognitive and linguistic, develop independently. This was

exanined with tasks which required various kinds of reversal. Children

5, 6, and 7 were tested for ability to understand passive sentences -

which reverse the word order of active sentences, ability %o repeat

o e e e pien
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backwards the words of active sentences, and ability t& Teverse the
order of cards in a 3 by 3 matrix. :':‘calogram analysis indicatgd’ that
there was no particular order of acquisition’ of the abilities tested'
in this study cognitive ability to reverse "and ,linguié-tic ability to
reverse were independexit. However, the results-...ob.t,gin,ed may be
spécific to the tasks which were used. .

Siegel (1978) also examined the possibility that language and

thought are independent in the young child. She surveyed research

.which assessed the development of cognitive abilities and the

development of language related %to the abilities. Some of these
studies compared discrimination of one from two\objects to use of
singular and plural words (Beilin and EKagan, ‘1969),-oddity\
discrimination to use of the words "same" and "different" (Saravo ‘and
Gollin, 19‘6§)., choice of a middle-sized item to use of comparative
terminology (EKoff and Luria, 1973), and demonstration of time concept;s
to ability to understand "before" and Tafter™ (Weil, 1970). In all of
these studies thé concepts wer;e demonstrated before the correlative
language, and thus Siegel éoncl}zdéd that these concepts are not

dependent upon language. Siegel (1976) obtained similar results /vgh‘én

she compared children*®s ability %o choose the larger stimulus set 'irk

concept attainment task to their ability to understand the words "_big" .
and "little", and again when she compared the results of verbal
inst_‘.ructio:lzs to choose the set with the "same number" to results on
ronverbal tasks for equality. Substantial propertions of the three-

and four-year-olds passed the concept attairment tasks and failed the
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language test. Less than 3% of the children did the reverse, passing
language and failing on concept attainment

;iegel made two predictions, based on the assumption - that
either language and thought are independent, or that thought precedes
language. The first is that use of language will not facilitate

concept acquisition and the second that success in solving a problem

is not related to ability to state the method of solution. To test the

first hypothesis, three- and four-year olds were given concept
attainment tasks for magni_tu'&é and. equivalence, and they were either
given verbal cues in the tagk, or«received no verbal cues. For the
three-yee{r-olds, use of cues mad-e no difference in performance, but the
four-year-olds were:more successful when they received verbal cues. On
these tasks, Siegel concluded that language and thought "were
functioning independently for the three-year-olds, but that 1anguage
comprehension was beginning to serve conceptual functlonmg for the
four-year-olds.

In the same study, Siegel tested thersecond hypothesis. After
the concept attairmment tasks, the children were asked to explain how
they knew which one to ;)ick. Their answers ranged from "the big one®
(coroéct) to "ny mommy _told me" (incorrect). Many children were able
Lo choose the correct items in the task without being able to explain
why . Iﬁey could make the choice, but could not produce appropriate
language about the cooice. Siegel considered this further evidence
against the precedence of language over logic in young children, and in
fact, these data indicate that in the early years concepts precede

-~

language.

.
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The position that cogg:_ltive development is basic to the
e

develoment of language - is held explicitly or implicitly, by many_

linguistic, cognitive, and developmental psychologists iﬁcluding Anglin
(1977}, Clark (1977), Furth (1971), Nelson (1977), Olson (1977), and
Rosch and Mervis (1975). Nelson, for example, said that children try
to organize the world with both thought and language, so that they can
act in the world and malée reasonable predictions. Thought comes “first,
however, aed language is a sign of progress in building stability and
sense into one's experiences. Nelson assumed that the conceptual
system underlies the linguistic system, and "the child's task is to

develop ¢onceptions and acquire semantics to mateh (1977, p.119)." She

further pointed out that often what seem to be conceptual errors onrthe
part of the child are in fact either language errors o;ﬂproblems in
matching concepés to the language which is made availeble by adults.
The Q(enevan sehool, headed by Jean Piaget:, also eSpouees:the
view that thought is fundamental to language in eafly cognitive
development . Piaget himself, Barbel Inhelder, and Hermine Sincla%r—de-
Zwart have specified this position. Because Piagetian theory p;ovides
a weli-developed, broad and very influential model of children's

ihtellectual growth, some of the basic assumptions and research

- findings of the Genevan schoel will be presented here in some detail. -

Ihe Piagetian Position

.

.

Piagetian theory begins with the position that individuals have

inherent potentials for physiological, behavioural, and intellectual

functionins. With maturabion, which is also innately defined, children

R anuRLIEIE o PP Y
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are able to “interact with the physical and social environment, making
possible ther realizat.[ion' of their potentiala. Readiness to learn is

interpally controlled and motivated, but action in the environment is

necessary for the growth of intelligence. Children use their physical,

behavioural, and intellectual structures in the world of things and

other peo;ile, and through the process of ad_aptation these structures

grow, and new structures appear.

Cognitive cperations are mental actions. The operations are

initially built upon and closely tied to sensory-motor activities, but

in time the operations become autonomous and generalized. .That is, for

tl'_1e infant and young child the mental actions involve concrete objects,

. and the child's actions upon those objects. OQver time'the’ operations

.

beccme internalized, and abétracted from the world of concrete objects.

The operations‘increasingly are decéntered, separated from the
e
individual's needs and often misleading perceptions. Eventually

operations are co-ordinated into systems with a generaf and stable
hature. Mature operativons are- internglized, r‘e\fersible mental actions,
characterized by logical necessity. But it is important to remember
that the foundation of ope:rations is in physical action on concrete
bbjects, in the realm -of experience and perception, which‘ is
probabilistic ar;d changeable. |

"'-rhe most important Piagetian of:wer'ations.‘are c:--onsef'vation,
seriation, and classification. Consefvation is the ability %o
understand that quantity is not changed bj transformations which are

not relevant to the quantitative attribute. For example, the volume of

a quantity of water is not changed by pou:-ing it from a taial, thin

-

e
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container into)a short, thick ch£ainer. Seriation is the ability to
order items along a quahtitative d:ui:ens}on, and Piagetians often test
for this operation by asking children ﬁo put in order sticks of varying
lengtﬁs. . Classification is the recognition and construction of
¢lasses, and fa; Plagetians classification operations include the
abil;t} to understand the relationships between classes; for example
-hierarchical reigtiﬁnships. Hierarchical classification can be

demonstrated by sorting items into subclasses, and then combining the

subclasses into superordinate classes. : v

w

The cognitive operations require bepresentation, and the
representation used is related to the stage of cognitive growth. The
various modes of representatign‘ inélude imitation, symbelic play,
images, and language. As cognitive operations become less dependent on
physical action and concrete objects, there is increasing internal
representation of information. Language is a particu;arly important
kind of representation, "but the c¢hild's ability to use verbal signs is
dependent on the progréss of his own thought (Piaget, 1962, p:273)."

Piagetians report that there is a correspondence in the
acquisition of language and logic. There are. various reports of
correlation between logical attainment and corresponding language use.

For example, children's ability to understand "some® and "all" is
systematically related to their competence at class inclusion, the
logical operation requiring manipulation of subclasses and
superordinate class. Similarly, children's use of wo;;s which refer to
increasing si:elis related to their operational coﬁpetence at

seriation, the 'lcgical operation which requires ‘orderfig along a
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quantitative dimen..;.ion (In-mhalder & Piaget, 196&/1‘969)1. When .children
are able to conserve, to mderat&nd that a specific attribﬁto of a_
substance is unchanged by an irrelevant physical transformation, their
languége is different in predictabl.e_ ways from the language of children
not yet able to conserve (Sinclair-de-Zwart, 1969).

Granted that there is a correspondence: between language
acquisit'ipn and the developmant of 1ogic, what .is the nature:\ of this
relationship? .Does language lead logié? Does conceptual development
lead linguistic ‘accomplishment? Or is it the case that Tanguage and
logic develop in parallel, with .both areas of function depéndent on
socme other underlying pr';:u:ess? Piagetians are :.réry clear in asserting
that language does not pﬁ&:ede or st:;uctur‘e logic (Inhelder and Piage‘t;
\ 1964/1969; Piaget, '1926/19‘52, 1972/19765. The leafning of language in
\the social environment does not contribute to construction of
dperations.

- Jtu of Co v il3 8

Piasetiané offer various.‘ kinds of -evidence in support of the
positi‘on that cognitive operations precede accompanying lax}guage. For
example, when children are able to 'demonstr-'ate class inclus.ion ability
with a certain kind of stimulus content, they can alsc spontaneously
use 1éinguage relevant to that stimulus content, \br.-xt they cannot pr‘oduce
language at a more gbstract stimulus level than that of operational
competence. Related to this is an example from the area of
conservation. 'I‘ypicaliy c¢children 'ac':quire conservation o.r substance at
around- seven .or eight, conservation of weight at nine or ten, and

volume at eleven or twelve. With each new area of conservation
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attained, childreé give éssentially the same verbal explanation: "It's
still the same, because you only made it longer, you didn't add
anything; it's longer but thinner..."™ Since the same language is used
in each case, the ability to conserve appears to have no relationship
to language, but rather depends only on the qualitie; of the objeéts.

In another example, if cﬁildren enumerate out loud the items in sets,
they are no more likely to conserve those sets (Piaget, 1972/1976).
parallel D ] t of Cl ificati { Seriati

Another argument against the precedence of language concerns
the parallel development of the two basiq areas of logical operations,
classification and seriation. 'Because the two kinds of operations have
Psimilar turning points,™ Piagetians conclude "that the development of
operational behaviour is an autonomous précess (Inhelder & Piaget,
196471969, p.290)," and that while lansu§§e may contribute to the fingl
expression of log;sal .development, language is not c¢entral to the
growth of operational structure.
S les wi

Plagetians reason that if language contributes to the
development of logic, one would -expect people who are deficient in
language to be cognitively deficient. Based on research done with deaf
children by Oleron, Vincent, and Affolter, Piaget (1872/1%76) and
Sinclair-de~Zwart (1969) claim this is not true. Deaf ch;ldren have
the basice logical operations of classification, seriation, and
conservation, although they do experience diffsculty with‘conservation

, *
of liquids. The sequence of acquisition of cognitive functions is the
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" same for deaf and hearing children, although sometimes the deaf
children are slightly behind in the timing of acquisition.

lj‘ﬁrth (1971) reviewed 39 studies which cc;mpared deaf and
hear;i.ng children on a vaéiet.y of cognitive taslg. on 31 tasks no
difference was found between the tw.o groups,.' but on 22 tasks the deaf
children did not perform ‘as well as hearing children of the same age.
It is difﬁcult‘ to discern any systematic patterns in these results.
Furth reported that the deaf children appear to be disadvantaged in
discovering symbols, but that they appear to use syﬁb;ls as well a3
hearing children, although he noted that one study found poorer symbol
use by the deaf. He cited evidence which is cthh the
Plagetian observation that deaf children's problems with conser'\mtior.x
- are specific to conservation of liquids. Qverall, Furth agrees with
the Piagetian posit.ion. The deaf have the same logical operations as
the hearing, and these operations appear in the same order. Delays in
acquisition for deaf children are negligible to moderate, and the deaf
children often catch up to the hearing at some point even though their
language competence is still not equal to that of people who can hear.
Furth supported Piaget in asserting that language is not a contributing
factor to basic cognitive structure. -
Cther authors disagree about the amount of develo;xn;ental delay

that deaf children show in cognitive operations. Springer (1976)

H
pointed out that Cacuette and Qleron independently found developmental
lags of 4 to 6§ years with deaf children. Springer reported that the

hearing children in his study demonstrated conservation at age 7, the

same age reported by the Piagetians, but deaf children did not succeed
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at the conservation problems ymtil age 10. He concluded that language
does play an important role in cognitive development. Thus, there is

some inconsistency in research findings concerning deaf children, and

v -

in the conclusions drawn.

-

fhere are many methodological problems in comparing hearing and
deaf children on tests of logical competence. Furth aeknouiedged_the
problem of assuming!tye two groups are the same in every respect except
languége ability. -Iﬁ discussing the discrepant resg%&s obtained in
different studies, Best (1973) pointed out that a uidEF variety of

.

tasks, materials and procedures have been used.- Perhaps the most
serious methodological weakness in this reééarch is that usually
experimenters who can hear are using methods of assessment designed for
hearing people, and they adapt these tasks for use with deaf children.
Certainly that is the case whenever the Piagétian tasks are used, or
éﬁapted. The validity of an assessmgnt instrume® is less when it is
used for a population othéb than the one for which it was constructed
and standardized (Anastasi, 1976). It cannot be assumed that rémoving,
or lowering, the verbal requirements of a test make that test
equivalent for deaf.people to the test uhich‘is given hearing people.
That is a question for psychometric investigation, and a survey of the
psychometric literature indicates that this is a very difficult
research question which has not yet been resolved.

Like the deaf, retarded cﬁildren nmay be relatively nore
deficient in language than in other intellectual fugctioning. Furth
and Milgram (1965) studied language effects in cognitive assessment

with retarded and non-retarded children. The children were given
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classification questions about seven items, three of which belonged to
a class. The items were either presented verbally, as words, or non-
verbally, as pictures.l The instructions for r-esponse were all given
verbally, but the response requirements were either non-verbal ("Point
to three that go tegether®™) or verbal ( "HO?’ do they go together?™).
Thus there were four kinds of Questions, defined by presentation and
response modes: pictures-pointing, pic;tures-verbal, words-pointing,
wofds-verbal. The retarded children did less well than the non-
ret.arc}ed on all of the question types that involved language, pictures-
verbal, words-pointing,_ and words-verbal. But on the question that did
not use words in presentation or response, pictures-pointing, the
retarded children did as well as the non-retarded: correct response
was 668 for the non-retarded and 67% for the retarded children. In
other words, when the manner of assessing classification was suited to
the retarded, they demonstrated classification competence. If only
1inguistically-bas;l assessment had been used the retarded would have
appeared deficient in the classification task. This finding suppc'n-'ts
the position that language is not necessary to the development of basic
.cognit:f;-re sldlls, becau_se the retarded were able to claséitjr dgspite
their linguistic deficiency.

The studies with deaf children ax.'e relevant to the question of

the relationship of language and thought because we assume that deaf
children have less language than hearing children. There is a problem,
however, because deaf children often have other forms of language than

oral and written language, and it is difficult to assess, or control,

the "total®™ amount of language that a deaf child has. This problem was
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;.walt with by Best (1973) who examined class formation ability in four
groups of children who varied in relative exposure to.communication.
The groups in order of access to communication were: hearing children;
deaf children exposed. to manual language from infancy, receiving both
oral and manual (total) education; deaf children not exposed to manual
language before school, 'receiving ..total education;";nd deaf children
not exposed to manual language, receiving oral education’only. The
materials used were representations of real life objects like animals,
péople, and furniture, and geometric figures iike cylinde:;s, red
squares, and yellow triangles. Best hypothesized that ‘experience with
language would make the most difference in sorting real life objects
because lé.nguage is important in transmitting cultural ini‘oémation
about thesg. classes, while language is less important in providing
informagion about the geometric figures for which classes are defined
by perceptual attributes. The results supported this prediction. With
the real life matex;ials, the hearing children performed better than rthe
manual-total grmy, and the manual-total group did better than the
other two deaf rgmups. Eowever, there was no difference between the
groups in /pg:v‘omance with the geometric figure material. Best
com_hade&/that language deficiency impaired performance with real life
categories because language provides important information about those
categories. But the results with geometric figure material showed that
language deﬁciency did not impair the development of basic ability %o
classify.,

To st up these studies with language deficient children, the

retarded and the deaf, there are some methodological and interpretive
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- problems with this research, and the data -are inconsistent with regard
to the amount of delay experienced by language deficient children in
the acquisition of cognitive operations. But these studies do indicate
that language deficient children acquire the same basic operations as
other children, and they acquire the operations in the same order.
This suggests that language is not necessary to the developmex;t of
cognitive operations. Certain results justify a str.onger- pesition,
that with some operations there is no difference in ability between
language deficient and other children, if linguistic difficulties in

«

assessuent are re:.xoved.
sStudies with Verbal Trainine

—‘i&'aining studies involving verbal procedures are interpreted by
Piagetians as offering yet another soJ:;ce of‘ support for the position
that language does not structure iogical operé.t‘:'ions. Morf (ecited in
Piaget, 1972/1976) studied children Judged to be in between the
concrete and formal stages of operational development. The
intellectual tasks dre not identified, but involved "scme reasoning
problems including impiications, disjunctions, ete."™ After the initial
assessuent, Morf{ provided the children with verbal expansion of the
questions, including more c-!er.ails and similar examples. He found that
this verbal procedure improved subsequent‘ problem-solving only ‘f‘or-
those children who had previously solved at least one problem. The
implication is that- ve'rbal training was not effective except for
. children whe were already in a state of Ltransition between inability

and ability to solve the problexs.
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In another training study, Sinclair and Inhelder (reported in
Sinclair—de-Zwart, 1969) determined whether children were capable of

/1
conmon, and then examined language differences between children

who could coqﬁerve and those who could not. There was no di_rrerence in
comprebension of language, but there were systematic differences in
production of conservation-related languagé between the children who
conserved, and those who did not. These differences included use of.
comparative or absolute terms, dif‘ferentiat.ion or lack of
differentiation for stimulus dimensions, and co-ordinated description.
The experimenters tried to teach 'nonconservers‘to use language like the
conservers. It was easy to teach dimension differentiation, but the
nonconserving children had difficulty learning to use comparative
terms, and it was even harder for them to produce co-ordinated
descriptions of dimensions. In terms of effect on subsequent ability
to conserve, 10§ of the nonconservers made progress in operational
capability after verbal training. The Piagetian interpretation is that;.
this training was not particularly effective, and the conclusions
offered are that language acquisition is not instrumental to
operational competence, but rather that mastery of the language related
to conservation reflects the d;evelopment of operational structure.
There 1is conflicting ?vidence however. Some non-Piagetian
studies have been successful in using verbal training for conservation.
Examples are the study of Sigel, Roeper & Eooper (1966) inm whieh
children were givern verbal training for differentiation of dimensions,
mult:iple classification, and reversibllity; and two of the trainiﬁg

conditions used by Beilin (1965), in which children were given verbal
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6rientation to dimensions, and verbal rule instructien. In all of
these caaés, the children who received verbal training showed

aignificantly more improvement in conservation than did the children in
control groups. | .

The preceding discussion'present-:ed various kinds of evidence
used by the Piagetians to support the position th.at cognitive
development leads language .yacquisitio,n. _The paré.llel development of
conservation agd ser'-iation is a weak argument, because one might posit
that the ;.Jarallel results from language acquisition underlying the
development of both Ebnserﬁation and seriation. The Piaget.ians have

reported that verbal training for cognitive operations is not
effective, 'b‘ut other researchers have attained success with verbal
training studies, and so these  results are inconsistent. There are
many studies which reported logical competence before the appearance of
accompanying language, and no studies whieh repprted the opposite
finding of linguistic ability before the ace mpanyin;z..;-losic is
demonstrated. Finally, several experime with"childz;en‘ who are
deficient in language found that these children acquire the same
logical operations, in the same sequence, as do children with nomal
use of language. These two -last lines of evid;.-nce, baéed on the
app:arance of logical capability and accompanying language, and on the
logical abilities of language deficient children, provide satis'factory
support for the Piagetia‘.n position that language does not cdntribut;_e to

the structuring of early logical operations, and that language in the

i
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young child is a symptom a'gd product of the general cognitive'

structures’ (Sinclair-de-Zwart, 1973).

-

“Surveying all of the argwments and daté presented concerning

, the relationship of.language and thought, the preponderance of evidence

appears to r'avor'-_'bhe‘ position that early cognitive development eithef‘

precedes or is independent of linguistic development. At the very

least the equrimeni:al résults just:.t‘y pursuit of the inquiry into

- o

effects of -language in assea_sﬁi,erit of cognitive operations.

This discussion concerns methodological issuves in cognitive

developmental research. Much. past research in this area has used

methodology that is highly verbal in that language d&fines the task for

the child, and often language is the meditm of response. I suspect

this is so because adults doing research are themselves likely to use

verbal modes of intellectual expression. Asa Hilliard (quoted in

Exhibit R, 1977) has poited out that in the assessment of intellectual

functioning we usually ask, "Do you know what I lmow?". rather than

 ®What is it that you know?"™ To expand on that, often we ask, "Do you

kmow what I know, and can you show it in the way that I do2" Howewf,er',t'

as Katherine Nelson says

---we only get into trouble wher we try to e:Eplain
development in terms of the child learning the correct
(standard, adult) way to do things: to say things, to
conceive of things, or to categorize things. This kind
of view unduly rigidifies adult modes at the same time

1P;T:aget'.:I.a.u theory holds that language may be necessary for
completion of the more advanced and abstract operations of the
formal level; however, this thesis is concerned with the
earlier years, the concrete and pre-operational levels.

-

=
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that it denigrates‘more open and less developed system.

but more than that, it actually prevents us from seeing

the child's system...it is our job to determine what

the nature of the system is, and how it develops...

(1977, p.318). '

If we want to find out what children know, we must seriously
consider the effects of Qur methodology. Reliance on highly verbal
téchniques is not Eonsistent with the theofetical position that
langﬁége is not the sbufce of logic and that langﬁage does not precede
legie. To the extent that either tge independence position or the
Piagetian position on ianguage and thought is valid, linguistic aspects
of methodology will affect the validity of empirieal resultsliﬁ the
- study of logical development. Use of highly verbal techniques alone
may preclude examination of “the acquisition of logiecal 5pération. A
research apprqach whiep varies language in assessmeﬁt pr;cedures should
provide the best estimate and the ‘bestf understanding of developing
logical‘aﬁility. This research strategy of varying language may also
provide an additional means of examining the developmental ﬁelationship
) of language and thought. .

Gne way to vary language in assessment is to usé different
liﬁguistic forms which seem,\to the adulp, to'have equivalent logical
meaning. The rationale f"or¥ this approach is 4hat the meaning of a
linguistie f&rm for an adult is not necessarily the same as the meaning
for children. If.children tend to misunderstand ohe linguistic form,
or understand the fonm.in a different way than adults, then use of
other linguistic forms with similar (adult) semantic content may serve

to illuminate the nature of the difficulty.
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Another way to vary language 13 to redluce language demands in

logical assesmment. Language can be reduced by using tasks which are

essentially nonverbal. . Or,- specific- aspects of langnage can be

'replaced- by_sng-nv‘erbal means of communication or representation, either

in-task instruction or in response requirement.
V- SN

Hiller {1976} has reviewed studies which r-educed language in

fthe assessment of Piagetian concepts. These studies reduced 1anguage

.dn the presentation of.the task and in the response requirements The

. more impor'tant methodological approaches included motivated choice, in

uhich children point to what they want rather than answer'ing a
quantitative question instrmnental choice, in which the child’ learns,
for example, to point to the longer item in a stimulus pair; and use of

surprise as a measure of violation of logical expeotancies. While

finding current results somewhat modest, Hiller concluded that the

endeavour to reduce language. in asseséinent is worth pursuing. This
endeavour may result ~in more precise evaluation . of cognitive
development which is of‘ interest in itself‘, and the results may also

bear on Questions such as the sequencing of cognitive attainments,

stages of cognitive development and procesases which underlie cognitive

abilities. § f.- e

Miller noted that the studies surveyed dealt with the

.

operations of conservation, seriation, and transitivity. 'l'here was
only one study concerning classification, that of Braine (1962).
Br-aine wanted to examine the acquisition or classification operation,

and he presented a well-reasoned argument for the use of nonverbal

methods to study this operational development: "It would seem to be

i

2

1e

*
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intrinsically impossible io study how a ooncept develops with methods
which employ verbal cues to evoke the concept: fon, if the child
undérstands the verbal cue, he must already have dgveloped the concept
(p.uﬁ)." -, Hls argument assumes the Piagetian position that concept
attainment is‘prion to associated verbal cues.

To study the development of clasaification ability, Braine used
a similarity-difference discrimination paradigm. Children -were
reuarded Qor learning to choo either the stimulus set with similar
items, or the other set h contained a variety of items at the next
level of hierarchical organization In one example, the children were
to choose either a set ofapples {similarity) or the other set with an
apple,'banana, “and peach (differenco). Children aged 3 through 6 were
able to do the similarity problems quite well (73% correct response)
when’ those problems were of the "specles-genus" type' like apples and
fruit. But the children performed poorly with "genus-family% sets such
as fruit comparea to various kinds of food. Th;;: was also a lpw_rate

of success with all of the difference problems.

Bpaine concluded thaf the faotons that affect children's

abiiity to group items together probably change with age, and that
these changes may undorlie the development of children's understanding
of classification. Miller's (1976) comments indicate that he did not
find the Braino results improssive, and, there are criticisms which can
be™levelled against Braine's procedures and results. I think there are
problems with tgb stimulus items used in terms of representativeness,
repetition between aets, and differences in familiarity of the

materials between sets. Scme of the materials chosen to represent

b il A
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specles-genus. and genus-family seem .questionable. For example, both’

.planes/\‘rehicles and atencilef/art supplies were used as species-genus

sets; in light of the recent work by Rosch (1976) on natural levels of

'categories, it is doubt!‘ul that planes and stencils are at the same

natural category l_gvel. More important, Braine's traiming t;o;'
similarity and difference diserimination sSeems_to beé.r little
relationship to Piagetian problems for hierarchical classification, in
which children are asked to sort, or distinguish, subélasses with very
similar members and superordinaﬁe c'lassgs with exemplars from various
subclasses. That kind of hierarchical classification problem seems to
be what is intended in Brainé's study, but  his dit‘ferenée—simil_arity
task is quite different from that problem. In an additional comment on
Bréine's work, Miller said, "...(the Braine study). suggests, both
implicitly in its procedures and egplicitly in its discussion, that

classification may be one area for which nonverbal techniques are not

r

possible (p.18)." On the second point, he was wrong. Nowhere in the

.
article did Braine deviate from his position that nonverbal methods

will be useful in studying the course of logical develomment, including
development of classification. When Miller suggests that there are
problems with cef-tain specifics of Braine's procedure it is hard not to
agree. However, it is one thing to find that there are weaknesses in
the first study attempted in an area, ‘nonverbal assessment of
classification ability, and it is quite another thing to conclude that
the attempt is futile. I propose that a more reasgunable conclusion is
that different approaches s.‘hould be tried to 1:-educe language in the.

assessment of developing classification competence.
TN
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Chapter 2
Language and Classification Qoerations

The introduction was about the relationship of language and
thought, particularly in young children, and the implications that this
relationstiip has “for the study of cognitive operations in general.
Thlis chapter concerns one area of cognitive ope;ations, classification.
The discussion will focus on the nature of ¢lassification, and on modes
of représehtation used in categorization, in order to consider the
merit of attempting to reduce language in assessment of classification
competence. I suggest there are two possibilities regarding the
acquisition of cl\assit‘ication and language, and thus two hypotheses
about reducing language in classification assessment .

Hypothesis I: Langque is the medium normally used in the -
child's own c¢lassification operations, and t_.hér‘er‘or'e it 1is
ingppropriatq to try to reduce ianguage in classifica;ion assessment.
Atﬁempts to reduce language violate the nature of the child's normal
classification operation, even in the early stages of acquisiti?n.

Hypothesis II: Early classification ability precedes and is
not dependent upon concomitant language forms, and so it is appropriate
to try to reduce langu;age in assessment of early classirication
operation. If language requirements are successfully reduced : a better
estimate might be obtained of early stages of classification ability .

' Hypothesis I is suggested by the observation that language .*_Ls,‘
in large part, a classificati.on system. One could further assert that
not only is language a classification system, Yanguage is the besat

9
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‘example of the generalization and discrimination which constitute
classification. One might argue that genuine classification, that

wﬁ&gms%mmrmqﬁdmthiumnyﬁgmewwﬁhimumw,
-
depends upon language and follows from 1%nguistic attainment.

Roger Brown makes a case like this. He argues that-lansﬁage is
a system of "perceptual and cultural categories having important
relations with the nonlinguistic- categoéégp of thought and culture
(1956, p. 312)."  Children are informed about concepts from the

. linguistic utt;rances and'responses of other people, and thus languége
facilitates the structuring of concepts. With some qQualification
concerning individual motiﬁation, Brown thinks that language may be
foma;:ive to cognition in that "the lexical structure of the speech he
hears guides the infant in categorizing his environment (1972, p.
255) ." .

The ileas of Vygotsky and Luria support Hypothesis I. While
much of the relevant Russian work concerns the. verbal control of
behavior, the quotation of Luria and Yodovich in Chapter 1 makes clear
that their understanding is much like that of Brown. Adult verbal
communication establishes, defines, and structures concepts for
childfen, and this process is basic in éognitive develomment. This

‘_\in of language and c¢lassification suggests that lansuase is the
- .

appropriate vehicle for classification operation, and thus it is not

suitable to try to evaluate classification ability with reduéed

-

ey

language techniques
Hypothesis II won the other hand, is supported by a different

llne of reasoning. As with seriation and conservation, ‘it is assumed
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that early clas;ificatian functioning and the language which
agcompanies claiiggication both depenq’upon the growth or‘underlying
cognitive structures. In early stages, language use reflects
classification development, and early classif‘icatioﬁ ability is in
advance of concomitant language. Thus, reduced language asaesgment
will allow better examination of early classification ability. |

' This position is consistent with Piagetian theory. Inhelder
_and Piaget (1964/1969) say that "the origins of classification ... can

be traced prior to the evolution of language and symbolic representa-

tion (p. 15)." (Qlassification structurés are mirrored in lanéuage, not -

based in language, and the development of classification operation "is
largely -independent of 1language (p. h):“ Rather, g}assifichtion
develops from "sensori-motor schematé“, repeatgd pattéﬁps of actions
which are used to recognize and to signify objects and situations. It
is through acting on the environment and developing action patterns
that children attain early classificatioQ functioping. The position of
the Piagetians, and others who believe that c¢lassification ability
either precedes or is independent of linguistic attaimment, supports
the view ;hatlit is reasonable to reduce the language u;ed in the
assessment oflclaséification ability.

sguasion o e ific t'on1

The two hypotheses concerning classificatidn and language

reflect the more general discussion of language and thought in the

preceding chapter. The hypothesis that language is the normal mediwm

by
[l
3

1Lee Brooks contributed a great deal to this discussion.
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for classification is one part of the positiorn that language is basic
to thought. The agcond hypothesis, that early classification
"preced;s“ and "is not dependent on" language, encahpasses the position_
that thought precedes language and the position that thought- and
language are independent. I concluded that the evidence surveyed
favored these last two positions, but another way of dealiné u?th this
issue i; to point out that the theoretical poéitions about thought and
language are probably,too extreme as stated.

Thé idea that language precedes thought underestimates the
inherenﬁ structure of the external world. By default th;s position
implies that all possible combinations of a£tributes exist in the
world, that birds and mammals are equall; likely to have feathers and
fur, to be red, brown, silver, or green. This view fu{ther implies
that verbal labels, linguistic catego}ies, are arbitr;;&. In other

words, the "real world" is assumed to be like those studies of concept

formation in which nonsense words are assigned to figures with

independently varying attributes, for example, squares ‘and circles

equally likely to\ be big oé small, to have a do% or a c}oss in the
center, and so on. B 3 is not the way the world is. In natural
objects, attributes.occur in correlated clusters; feathers and beaks
are likely to be found together, as are fur and claws. Moreover, there
are certain focal values among attributes, so that some attributes are
& .
more imporéant than others, ﬁore likely to be perceived and used in
categorization. To the extent that the world is.inherently structured;

language does not so much define as reflect categories. (For
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suppobtigg evidence and an extensive discuasio; of these “observations, -
see. Cole and Scribner, 1974, and Rosch, 1977.) A

.Thq issue, then, is arbitrariness. The position that language
precedes thought assumes extreme arbitrariness in -the world, and this

leads to the view that children must be taught how to categorize the

content of their experience, primarily by means of language. The

opposing view asserts that much in the external world is pot arbitrary,
and so language 1s not necessary to early categoriiation. In various
disciplines, anthropology, linguistics, psychology, earlier Eesearch
concerning this issue Qas influeﬁced by an emphasis on cwltural
diversity, and this emphasis on differences led to iesults and
interpretations which supporﬁgd the conceptualization of the nafural
world as arbitrary. More recently, ;ross-éultural work has focussed on
the simil;rities between groups of people, and this attention to human
commonalities has resulted in awareness of the structure which is

inherent in the external environment.

It is not likely that our experience of the world is entirely

~arbitrary, or that experience is entirely structured in such a way that

soclal learning has no effect on our categorization. The truth surely
¢

lies someuherebetween these two extréme possibilities, and the problem

is deﬁbrmlning the degree of structlre in the external world. Within

the constraints of natural world structure, probably language is a

‘vehicle for socially transmitted information, and a means to shape

children's perceptions and categorization by -social reinforcement. But
to the extent that the world is structured, individual experience will

lead to categorization independent of lingﬁistic operations. Because
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the world is structured to some degree, it is worthwhile to vary

language and reduce 1 e in ¢the ésaesament of classification
ability. e ' -

Medes of Representation

Since. language does not define ail classification, some ndén-
linguistic representation must be used for ca ggorization. Piagetians
propose that early recognition. of object similarity is .based on
perceptual processes, and classification operations originate with
smmﬂmmwgwmm& kmmBmmrﬂmt&baM“pmemlwd
action-based processes, but in a very differént way than the
Piagetians.

Bruner (1964) describes an evolution in nodes of
representation. The three systems, in order of appearance are

enactive, iconic, and symbolic representation. Each system is based on

. the preceding one, but all of the systems remain functional throughout

life. Enacélve representation refers to sequences of sensori-motor
actions which represent past learning or experience, and is therefore
like Piaget's action schemata. Babies demonstrate enactive behaviour
when they shake their fist over and over, after the rattle they have
been holdiné has dropped to the floor. Adults "know" with their
fingers how to tie a shoe, but demonstrating this understanding with a

»

drawing, or verbally, is very difficult.
y

In terms of contribution to cognitive structure, Bruner
attributes a higher level of fuﬁf%fﬁhing to iconie, perceptually-based, -
representation than does Piaget. In iconie representation, spatial

schemata are constructed from the child's experience with the world.

-
-

-
/
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Informét{dn is selectively organized into images which refer to
external ;ealizy. Examples . of this kind of representation occur when
we sketch the layout of our backyard or draw a map for a friend, rather
than giving verbal information. Bruner considers iconic representation
the predominant system for children from 2 to 6.

Around age 6 or 7 children shift to greét%; use .of’ symbolic
representation, Aé‘thé naﬁ; suggests, this systam-represents things
with abstract and arbitrary signs. We must be taught that "New York"
refers to a certain city, and that “xf refers $o an unknown quantity.
These are not referents that we would learn ourselves through
experience with the perceived qualities of objects, or experience
acting on objeéts; When Bruner talks about symbolic systems, he talks
about l;nguage, and it is clear that. he coﬁéiders language thé
essential symbol system. Linguistic representation is the mode which
is 'm;st interesting to Bruner in terms of\ its limplications for
cognition. However, since this discussion: is concerned with non-
linguistic Eepresentation in early cognitive functioning, we will focus
on the stage when iconic processing is predominant.

‘Bruner discusses various studies which demonstrated the
salience of perceptual cues for young children, and he argues that
these results pro#ide evidence for the predominance "of iconic
representatign at certain ages. One study examined comparative
Judgments of fullness with children 5, 6, and 7. The children were
shown pairs of slé;ses containing water, and they.were asked whicﬁ

glass was fuller. In the various pairs the size of the two glasses was

scoetimes the same and sometimes different, and the proportion of water
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in the two glasses was sometimes the same and someimes different. The
children almost always chose the glass with the greater volume of water
as.the fuller, even when the other glass was filled .to the briﬁ:». This
r‘ir'xding demonstrated the salienc.e of visual in'fomat';ion f‘or _young
children. Lawson (1978) showed that children are likely to use a
per;ceptuai strategy when a .task‘ becomes coaplicated. She asked
children to make equivalence judgznents about rows of da.aﬁfound
that some young child%en were consistently influepced by length of row
and others were consistently inf'luence;i by ;atmber of dots in ghe rowW.
When a large number of dots were used in t‘he stimulus materials, making
the task more difficult '-n'.‘t egard to numerosity, then many more of
the children relied on a pe eptually—?ﬁed length strat;gy.

| The importance of perceptual information for children has also
been shown by ?:ancoisé Frank (cited in &*uner,‘»‘lgﬁll). She compared a
standgrd Ac;o;lservation task in which water. is poured from a standard
beaker into a wider" beaker, to the same task with the pouring done
behind a screen. ALl the children received both tasks, and in each‘
case they were asked wﬁether the amount of water was the same, greater,
or less, after the transformation. In the classic conservation task
fogr- and f‘ive-year-olds pérfomed vedy poorly, and six- and seven-
year-olds made the éorrect response about half the time. When the same
children were szhown the beakers befoge and after theﬂt:ransfor'mation,
but they' could not see the water actually being poured, per ance
improved dramatically. The ;our- and fiv'g?year-olds gave correct

answers fifty percent of|the time, and performance was perfect for the

six- and seven-year-clds. These results show the significance of

-
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perceptual information for young children, and implicate perceptually—
based representation in the early years.

In anot._her approach tp studying early reliance on liconic
process, Bruner reporﬁs that children weré,given matrix problems in
which items varied along two dimensions. Children 5, 6, and 7 were
able to copy the matrix designs \éitl; no difficulty. But when the
matrix was- to™de transposed from the danons{:ratiob matrix, that is,
reversed or rotated, the five- and six-yeax;-olds had great difricul'j;y.
Most of the. sevefi-year-olds were able to do the task. What is
i;npc.:rtant*to note is th}t/t‘.he the seven—year:—olds. talked to themselves
about the problem, ‘Br'r.mer concluded thlaf the younger children were
moré fixed to the or-j.ginal image presented, and were not able to attend
to the'principles‘of organization in the matrix. The seven-year-olds
evidentall'y' ysed lé.nguage to transpose the matrix in a way consistent
with the principles of organizatioh. .

Eleanor Rosch has made important contributions to the study of
classification, for example in. describing natural levels of
categorization. Rosch, Mervis, Gray, Johnson, and Boyes-Braem (1976)
presented evidence that there is a basic level of categories which is
'Ifir-st learned by childreds Basic level categories have maximum cue
validity so that infgr‘mation is more easily attained than for other
category levels. Objects in bdasic categories, for example tables ax:':d
chairs, have more attributes that distinguish between catesories.' than
do objects in lower category levels, such as kitchen chairs and dining

rooa chairs, And, basic level objects have more common attributes
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within their catégory than do objJects in higher category levels, like

furniture and vehicles.

This work has some Bearing on the question of non-linguistie
representatiohd.‘ Rosch (1977) ‘comments that most work done on
- categorization aseﬁ.ﬁes a feature analytic model in which a small nunbef
of discr'ete"‘criterj..al attributes provide the basis ‘for classirication.
In this re.searéh approach, the materials ‘used are well suited to verbal

\
handling, and are pnot well suited to nonverbal processes. Because of

IS

. this bias in expe‘rimental- approach, she argues that much past reséax“ch
did not reasonably describe natural classifj:cation functioning. Rosch
prt-:poses, instead, an analog process in which items are compared to a
prototype, and are morg or less good matches; to that protot'ype.
Categories consist ot; attribute domains clustered a:round a prc;toty'pe
which is perceptually salient, or which possesses maximum cue validity,
A providing maximal infomation about. the category.

-

Similar to Bruner-"'s explanation of the basis of iconic

representation, Rosch believes that prototypes are gener‘allyA

constructed from experience with category instances, and so there is a
developmentai aspect to category acquisition. While the real world is
organized in a way that affects categorization, our perceﬁtual and
information-processing aystems. affect how we interact with the world
and constr.uct category prototypes. It is not cléar- in Hoach's writings
exactly sow prototypes are represented. Rosech sugges;:ed that
ﬁrototypes may be defined rather broadly

»

for example, as the abstract representation of a
category, or as those category members to which
.Subjects compare items when judging membership, or as

Y
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the internal structure of the categc;f-y_ deri:;ed by
subjects' judgments of the degree to which members fit
their "idea or image"™ of the category (Rosch and
Mervis, 1975, p. 575). ’

For perceptually-based 'éategor;ies and categories at the i)a_sic level of
‘natural classification, Rosch's discussion suggests that the prototypes .
" may be perceptually-defined, and could be imaged. If this is— the case,
and if wvisuwal or ‘iconic representatioﬁ is the -pre_f-er'red.system for

young children, it is understandable that basic level l‘categories Hare

the first categories learned by children. Basic level categories are
more easily represented by a visual image t'han are higher levels of
natural categ'ories:, and the images td represent basic level categories
are more distinctive than is the case for lc;wer' catégory levels_s.
Another psychologist 'who has discussed nﬁn-linguistic
representation is Lee Brooks. Like Rosch, Brooks (1976) points out

‘that most previous research .lga_s been structured to force ‘subjects to
anglyse c¢ritical attributes,'l ts eictract the criter‘ial generalities of
_classes,‘ and he also concludes that this approach does not capture all

of natural classification functioning. While Brumer and Rosch are

talking about catégory representation with generalized images, or .-
prototypes, Brooks proposes a more specific proce:ss, matching t:fr'
instance. Be argues that when people are confronted with a novel

instance to evaluate, they attempt to evaluate it on the basis of its

-
3 -

physical similarity to previous instances. This is an analog process
in which the novel item is ‘matched to the known -item which it most

resembles, that to which it is perceptually most analogous.




- Bfooks éonducted -a s;ries of studies in which university
'studgnts were either instructed to léarn to diécriminaﬁe categories, br
were given a paired associate task with the Same materials, ‘ﬁe assumed
tﬁét with the first instructions subjects would lopk for criterial
attributes, while in the second case the&. would not do so. The
materials used ranged from arti{ieial grammers embodied in English
Tietterafto drawings of cartoon animals against différent backgrounds.
theb' the rirSt part of the session, category learning. or paired
associate learping,fall subjects were éested for ability to categorize
new items. The subjects in the baired associate condition categorized
new items better than the subjeéts who had received categdrization
instructions’ and experience. Brooks concluded that these successful
’subqecps were matching to the learned instances, while the éubjects in
.the other condition were trying to dée anaiytic strategies because of
the category discrimination instructioqs.' Matgging—to—instance was a
more successful strategy with the cbmﬁlex and unfamiliar materials
used.

Based on these findings, Brooks concluded that much
classification funct;onins may involve .matching to beét‘instance, ;
process that is perceptually- and not iinsuiﬁtically-based. Moreoﬁer,
matching-—to-—instance ‘appe;ra to be aq..appropriate and successful
process with certain kinds of.tasks. These results show that

perceptually-based representation persists into adulthood.

Represantation Mav'Deoend on S;imulus content

The nede of represehtatioh, aﬁd the relationship bet#een

language and classification, may-depcné upon the nature of the stimulus

-
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content. Piagetian reaeerch, and /the research I have done, show that

the age of logical competence varies from one study to another, evenh

when identical procedurea are-used. Subject sample characteriotica may
account for some of this variance, but it appears that experimental
materials are also responsible for differences obtairded. ) Stimulus
materials may vary in terms of type (e.g. geometric forms, ‘plctures of
real 1life objects), complexity (number of potenf)iel distinguishing
attributes), and hierarchical category level (e.g. collies, doss,
mammals, animals). 'Just as age of competence 'vax?ies with stiniulus
content, so the relationship of lansuage and classir‘ication may depend

on the content or the classes.

For example in the cese of category 4level, \Fio-sch (1976)g has

demonstrated that there is a natural bdasic level of categorization.

This basic level is the first one 'lefar-ned by children, and verbal

labels are learned at an earlier age .for the basic level. than for 5th

: o_ther" levels of categories, Consider®tion of the examples Rosch gives

. . <
for the lower, basi¢, and higher levels of categories auggests that

compared to other category levels basic level classes are more likely

to have a one-word name, or a name which is familiar to children.
L)

Examples for lower, basic, and higher category” levels are: bald
eaglea, birds, thipgs that fly; station wagons, cdrs, things people
ride in.

-

Another aspect of stimulus content which may affect the

relationship of language and classification is modality. BHlank (19714)

pointa out that nost cogn%developmental research uses material

which is predominantly visual and this may affect our understanding of

)
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the role of languaae in real-lire cognitive develppment Blank.arguee .
that children's earlier and pr'ererr-ed method oP eommmication is
geatura} and wvisual. Thus when children are presented with visual
materia‘iblengué{ge may;@e_an impediment, betause language must thed
compete‘with a eetter eetablished system of representation .and

-

communication. ' ' : : -

i v

In support of this position_mlank reported data fr-om studies
which examined language and modality of the task. When three-year-olds
were holding an object in each hand, they were almost alwaye able to
follo;' a verbal instruction to drop the one .in their right hand. When. .
the same instruction was given for vie‘ually displayed materials ("Point
to the one on the right")} the children esqally ignored the instruction
V(Biank and_ Altman, 1968). Blank aise found that lang'uage h‘elped
children on tasks involving temporal conc.epte. Nursery school childreh
were proficient at diecriminziting between one and two circles whether
they used languag;'or not. But \-;hen required t_o d;stinguish between
one or two succeeeive iight flashes, these. children could succeed only
if they used appropriate language. If they were taught verbal labels,
they were able t:,o do the task (Blank and Bridger, 1964). Oleron (1957)
obtaine‘d' similar resiults when he studied transposition learning in deaf
children. He compared spatial and tporai material, and found that
the children learned transposition .;':ith the spatially-defined
materials, but failed to do =0 whe;a the material was based on temporal

'"%ncepte such as fast and slow. Since deaf children are deficient in

langauge, Blank conside(;}apis evidence that language is not essential
. _ )
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for visual materials, but that 1anguage 13 useful in dealing with non-
visual materia.la.

Blank's findings concerning modality and use of" language may be

-

relevant to classification taslc.s Language may be important .for the
classirioation ‘of sounds, textures, odors, c;r items which .va_ry on a
temporzal dimenﬁion. But. much of what we classif‘y in real life, and
virtually all of {rl:at we"cl_aé.si!‘y in experiments, is defined in the
visual modall;y. 'lhus, Hlank . would predict that language is not

particularly useful for young children in most classification.



Lhapter 3
= ‘CJ Inclusion

.Piégetians consider classification and seriation the two basic
intellectual functions in the concrete operational stage of cognftive
development . Seriation is or&ebihg items along some quantitative
dimenaion; such as iight to dark or long to short. Glassification is
the recognition, construction, and oraering 6f classes. Qf the two
areas of éognitive oﬁeration, classification raises more complex issues
(Inhelder and Piaéet, 1964/1969, p. 1), ap? the work reported in this
thesis concerns one classification operation, class inclusion.

A class is a set of items which-haQé a common attribute, an&
classification is based on evaluation of common and distinctive
attributes. In hierarchical classification there is a structure such
that some c¢lasses are éomﬁined into other classes, for‘example, collies
and boxers are dogs, dogs and cats are‘animalgl Obviously most of the

classification that we dedl

ith is. hierarchical in nature. When
children are competent hierarchical classification they uhderséané
the relati ips between differeéé'levqls of the class structure, S0
that they are able to relate the parts to the other parts, the parts to
the whole, and thelwhole‘to the parts.

| Piagetians assert that mature ‘understanding of the

relationships betwecen different 1levels of the hierarchical

classification structure is best assessed by the class inclusion

——
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question in which the child is asked to compare the size of a sub-eiass

and its superordinate class.

The conservation of the whole and the quantitative
comparison of whole and part are the two essential
characteristics of genuine class-inclusion....it is the °
basis of any classification which really does order classes,
instead of only differentiating between them. (Inhelder and
Piaget, 1964/1969, pp. 117-118)

Giv;n two subclasses, A and A', which are part of the superordinate
class, B, the class inclusion question r;quires quantitaéive comparison
of the larger subclass, A, and the superordinate, B: Are there more ﬁ
or more B? For example, given three.ddss and two‘cats, the inclusion

Question is: Are there more dogs or more animals?

Development of Classification Function

Piagetians have extensively investigated many aspects of
classification operation. Children's production ability has been
tested by asking them to sort items, usually by saying, "Put the things
that are alike <ogether," or some variation of this request. The first
kind of serting children produce, between the ages of 2 and 5, consists
of "figural®™ or "graphic cdllections“, in which children put items
together to form spatial patterns or figures. Around age 5-1/2
children produce "align;ents", by matching items one to another on the
basis of some perceptual similarity. This matching is done in a e¢hain
sSequence, and the basis for matehing changes as the children's
attention shifts from' one perceptual atﬁribute to another. This
sorting is not consistent or stable. Between 5 and 7, children's

classification ability matures, and sorting becomes more systematic.

Children are now able to plan ahead and employ an overall scheme for <

4

- -
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sorting, without switching the basis for sortiﬁg in the arbitrary
manner which characterizes “aiignhents". The sorting is exhaustive,
with all items being put in the ap;ropriate clasées. In time children
can construc£ hié;archical classes, progressing from subclasses to
supero;dinaté grouping, or the reverse, -sorting to superordinate
classes and then subdividing. During this period children attain
greater f}exibility in sorting, and can reclassify items in different
ways when asked to do so. In one study with items which varied in
shape, color, and size, 76% of the six-year-ol&g‘were able to
successively sort using‘ two or three criteria. Multiple
classification, in ﬁhich children démonstrate ability to cross;cléssify
on Qwo attributes, is mastered around age 7 or 8.

According to the Piagetians, the final component of

classification function is class inclusicn, the ability to

‘quantitatively compare subeclass and superordinate class. _Inhelder and

Piaget (1964/1969) found that inclusion'competence is exhibited between
8 and 12 years of age.

Kofsky (1968) conducted a large-scale study to examine the
sequence of .clgséirication abilities described by the Piagetians.
While her tasks differed to some extent. from Piagetian procedure,
overall the results obtained fit the normative 'information reported
above. Two taské,_ resemblance sorting and consistent sorting, had
requirements like "alignment" sorting; the children had ?o match a
stimulus itgm, and group at least ihree like items. Over 80% of the
four-year-olds succgﬁggd ét these tasks.. Seventy-five'percent of the

-

five~year-clds were able to do exhaustive sorting. Sixty percent of

L



47

the'six-year-olds were able to ansﬁer questiﬁns about multiple
classification, and two-thirds -or the seven-year-olds reclassified
ite?s; The order of attainment of multiple classificaton and
reclassification abilities\iS*the reverse of that reported by Piaget:
however, this may be an effect of the procedures or materials Kofsky
used. There is no task in the study analogous to'hierarchical sorting.

On class inclusion, Kofsky reported that 60% of the nine-year-
¢0lds passed the criterion on the inclqsion task. The criterion was two
correct out of three aﬁswers, which is easier than the usual Piagetian
requirement of consistent correct answers accompanied by explanations
of tﬁose_gnswers. In addition, only two of Kofsky's questions were

~

Piagetian 4nclusion questions. The third question did,ng;_ask for an

inclusion compari;on. However, the conclusion remains the same: ¢lass |
inelusion is the last classification ability demonstrated.

The ;equence of classification skill acquisition is one basis
for the Piagetian assertion that classification mastery is best
measured by class inclusion. Because children e¢an do hierarchical
sortigg before they can correctly answer the inclusion question, it
would seem that ability to recognize and sort hierarchiéal classes does
not indicate full understanding of the relationships between diffegent

lévels of classes. Piagetians point out that to successfully answer
the inclusion question children must Simultaneoysly consider the sub-
class and the supra;class. Tﬁey nust have access to the extension of B
and the extension of A at the same time in order to écmpare the sizes
of the two. But suecessful hierarchical sorting requires.only

Aequential ‘consideration of the variocus levéls of e¢lasses. Far
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example, given a set of red triangles, blue ‘trianglesh'and yellow:
Squares, children may sort first into red, blue, and yellow groups.
Then, they can ignore color and focus on shape, so that triangles are
now put together and distinguished from squares. The point is that the
considerafion of the two different criteria, color and shape, need not
occur at the same time for this sorting.

Another argument made for class inclusion as the definitive
measure of cléssification ability is based on the. errors that “young
children make. Before iﬁclusion competence is available, children tend
to systematically give the wWrong answer, so thaﬁ‘pércentage of correct
responses fbr certain age groups is below 50%. It appears. that this is
30 because the children are'comparing the subclasses, A and A', rather
than comparing subelass and superordinate class, A and' B. {This
explains why the larger subéiass is always the ome used in. the
irclusion question. If children are using subclass ccmparison, there

may be false correct response to the comparison of A' and B. The

‘children may say B is larger, meaning, in effect, that A' is smaller

than 4.) Piagetians conclude that wien inclusion competence is not
available because children cannot simultadéously compare superordinate
class and included subclass, the children resort to disjunctive
comparison .of the two .subclasseé. In other words, the eréoneous
strategy of comparing subclasses to- each other is considered by
Piase;ians to result from logical deficit. However, class inclusion
studies done by researchers outside the Piagetian school indicate that

logical deficit or competence is not the only factor which affects

LN . . .
class inclusion performance. The results obtained on an inclusion task
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are affeeted by the m#iérials used, perceptual <factors, and the
language employed.
,

Smedslun& (1968) used geometric figures for items in the
inclusion tasks. For example, children 4 through 11 were shown red and
-white squares and ¢ircles, and were asked cergain preliminary
questions. Then the white items were removed, leaving ten red cirqles
and three red squéres. The remaining items were covered up,lénd the
children were asked the inclusion comparison, whether there were more
circles or more red things. Finally the items were uncovered, and the
inclusion question was repeated. One finding of interest is that with
these simple materials, varying only in color and shabe, iﬂclusion
competence was demonstrated at a ;glatively young age: about 90% of
thé seven-year-olds made the correct ineclusion response. The other
_ aspect of this procedure which is important concerns asking the
question first with the items covered, and second with the items in
view. This made little differ;hce with the older children, but with
the younger age group (ﬁ:s to 6:2) almost 15% of the children answered
correctly when the items were concealed and thén reversed tpeir answef
wheﬂ the items‘were exposed. Since scme of these youngeX: children
answered the inclusion question better when the iteg; were covered, it
apbears that perceptual display, that is, pavins items visually
available, does not facilitate correct response to the inclusion
question. Unfortunately, there is an alternate explanation secause of
the methodology used. The younger children may have tended Lo reverse

their answers becauyse the uncovered-item-question was always asked
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second, and they may have assumed the Question was repeated because

their first response uas‘not right.

“Wohlwill (1968) also compared inclusion response when the items

were present and when the items were not present. Half of the children

received the items-present Questions first, and ' half received the

items-absent questions first. The children gave more'correcf responses
when they could not see the display. Wohlwill concluded that the
perceptual information predisposed the chi;dren to focus on the
subclasses, not on the superordinate class as an entity, and so they
were more likeQ to compare the subclasses to each other. ‘ However,
neither Brainerd and Kaszor (1974) nor Winer (197%) supported
Wohlwill's interpretation. These authéns concluded that the effect

found by Wohlwill may have resulted from stating the number of items in

clésses for the items-absent questions, but not for the items~present

w

-

questﬁcns. - e
Wohlwill also investigated the qu;gxion of perceptual salience

by adding items which were not in either subclass, and therefore hot in
. 5 ‘

-

the superordinate class. The idea was that tbe.contrasting items would
increase the salience of the-superordinate class 30 that children woulé
be more likely to make the correct response, and performance was in
fact better when the additional class was used. Isen, Riley, Tucker_
and Trabasso (1975) pointed out that wWoblwill did not give transfer

tests to single class problems, that is, prpblems which did not contain

the contrasting items outside of the superordinate eclass. It 1is

.possible that better performance resulted not from incéeased salience

of the superordinate class but from a perceptual strategy of comparing
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~ the larger subclass to all of the other items, the items in ﬁhe‘smaller

subclass and the contrasting items outside of the superordinaté class.

If so, the children were not makiné an inelusive comparison.

-Consequently Isen et al. ran, a procedure similar to Wohlwill's andg-

tested for transfer to single class problems.- The improved performance

obtained with the contrasting items transferred on the post=tests, and

thus it appears that perceptual cues which increase the salience of the

superordinate class facilitate children's inélusion performance.

Isen et al. used two ratios of larger to smalle subclasg, 6:2
and 4:4, and found that children gave more corréct wers with the
smaller ratio, 4:4. fhis result replicated the findings of Ah} and
Youniss (1970) that as the larger subclass (A) is relatively bigger
than the smaller subelass (A'), children are more likely to make the
incorrect r:fponse, saying that A is iéqger_gnﬁn B, the supgrord;naﬁe
class. One could e¢riticize the Isen et al. finding on the grounds that
;ith subset sizes of 4 and 4 the children were not being asked an
inclusion question, since the inclusion question is defined as the
cemparison of larger suﬁclass to ggperordinate class. However the Isen
et al. results are consistent with those of Aﬁr and Youniss who used
the same two ratios and three other ratios.. In the Ahr and Youniss
study every child’ received inclusion questions for subclass
compo?itions 8:0, T:1, 6:2, 5:3, and U:4, and with these five ratios
percentage of correct reséonse increqsed as the subélass ratio
decreased. Ahr and Youniss condluded that subset ratios affect the

likelihood fhat young children will focus on the subclasses, and Isen

et al. agreed with this position. Whereas Piagetians claim that
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subclass comparison results from logical deficit, these authors’

-

concluded that use of that strategy is also affected by:the;perceptual

’

context, in this case the relative Size of the subclasses.
" Brainerd and Kaszor (1974) disagreed uitp' a perceptual set
interpretation of the :subclags ratio _findings. ‘ They found that
"children were likely to give.correct'énsuers for equal ratio sets (4:4)
to‘the usual inclﬁsion duest;on about difference, "...more As o; more
Bs?" But for unequal ratio sets (5:3, 6:2; 7:1), children were likely
to give correct answers to an equivalence questioq, ®Are ﬁhebe the éame.
. number of As and Bs?™ In both of these cases, Brainerd and Kaszor' 
concluded that the correct answers contained some “ralsé ‘positive"

response. With equ&valence_questions for unequal ratio sets, children

correctly reply that A and Bare not the same whethéf they are pompgringf.
A and B, or comparing the subciasses, A and A'. But with ithe
difference question, if children aré comparing subclasses of equal size.
they are likely to guess, which leads to correctwansuers half- the time:
'//fhus,xzﬁe subset ratio effect is not a perceptual effect,. but is:an
artifact resulting from the combination of qQuestion form (equivalence,
ifference) and ratio type (equal, unequal)}. Brainerd and Készor‘s
results ihdicated that propensity to compare the subclasses was not
affected by subclass ratio per se."This conclusion is consistent with
the Piagetian view ‘that comparison of subclasses is a strategy based on
logical deficit. |
Dy Wilkinson (1976) manipulatgd the salience of the superérdinate

' class by referring to distinective perceptual features of that class.

Forty-eight pre-school children were given a standard inclusion

¥
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questipo,.and an inclusion question which included distinctive. features

- .

of both the subclass aod the éuperordinate class. Fbr example, the
childr-en were shown l:Lne drawings of adult figures, all of whom had a
chair; some of the adults were women with a picnic basket, and the rest
~were men without a picnic basket. The standard ipclusion question was
"Are there more mothers or more grown-ups?", and the: distinctive
.featureé question was "Are there ﬁore grown=-ups uho, oave a pionic
basket or more grown-ups who have a chair?® With the standard
questioo,_child}en gave the oorregt answer 23% of the timo, but when
specific identiqying features were used for the classes the children
were correct“SOS of the time.

Hiléinson offered a counting strategy explanation of his
results. He suggested that the flrst countlng strategy avallable to
children includes a prohlbltlon against counting items twice; thus
chlldren count A and then B - A # A', which results in comparison of
the subclassés. Later countlng strategy ailows for A and B to be
counted séparately, s0 that the A items are countcd twlce, fzrst in A

and then as part of B, which results in the correct comparlsvn Hio

use of perceptually distinetive features for the classes allows young
children o way around the double-ébunting prohibition of the first
strategy. 1In the example abo&e the children could count pienic baskets
and chairs, rather than double-counting the mothers. Or, }n another
.case, Hiikinson‘oompared a “concept".question, "A}o there“mooe boys or
zore children?™ to a "peroeptf question, "Are there more houses with

doors or more houses with windows?," where all of the houses had

windows, but only some of them had doors. Agairg} the children dould
©

»
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count the windows and then the doors, whereas they could not count boys

L4

separately from c@ildren. The five-year-olds gavé a correc?.incluaion
answer more ortén for the house question than for the children
question. - , - -

Wilkinson's work indicates one way in which the perceptual
chﬁractegiatica of stimulus 3et; may 'arrect inclpaion performance:
glven an lmmature counting strateg;, children are able to quagtiry the

_superordinate when that class has distinctive features. However, there

are at least two oéher poséible interpretations of these findinsé. It

4

may be~ that the use of distinctive features in identifying the

superordinate class nuuguLglga: to the child the ccmparison which is

requested. In the standard question for example mothers and grown-

ups, the child may assume the experimenter 15‘asking for the comparison

of mothers and other grown-ups (this comprehension problem will be

" discussed in detail Qater[. In contrast, for the "percept™ questions, .

it would:be clear that the experimenter {is asking for comparison of
subelass and superordinate, "with picpic baskets™ and "in Gi chairh.
This’pypothesiq déés nat conflict with the double-counting explanation.
is possible that both factors, understanding of the request and
cous strategy, are conﬁributing teo the better ;esulta with the
"ﬁercept“ seta;u.

== The other interpretation derivéa from the operationalization of
the “p?rbeptt sets, and it raises a s;rious poasiblg‘ objection to
.Wilkins;n's’conclusioﬁs. Because there are separate and distinctive

features definiﬁg the subelass and the superordinate class, one could

argue that children are in fact treating these as exclusive classes and

- -

Yo




not as aﬁpclasa and superordinate clasa. For'example_with the houses,
it may be that'the.éﬁi%dren are not counting houses w doprs and
-houses with windows, but are simply counting doors’ and windows. Ir

this is the case, the children are not making an inclusive comparison,

o
but are comparing disjunctive classes. Thus, providing distinctive

perceptual features -for the superordinate_ class 1Eould not be
facilitating inclusion performance but rather removing-the requirement
to daE;g}he simultaneous comparlison of subelass and superordinate ciass
that is basic to Piagetian incluaitn. )

< Tatarsky (197“)-posited that the dimensional sélience of the
attributes which define the subelass and supgrq{dinate class may affect
inclusion performance, and he proposed that typically the attribute for

the subclaas is more salient than that for the superordinate class To

test. this hypothesis he gave children aged 5, 6, 7 and 8 three

different kinds of materials, and asked inclusion questions about these .

materials, ALl of the children received "two-dimension, unequal

salience" questions about wooden cylinders which were painted all blue -

or all red: "Are there more blue blocks Oor more wocden blocks?" These

queationa represented the standard Piagetian condition., Half of the.

children were aaked "two-dimension, equal salience" questions about
cylinders which were half painted, either blue or red, so that the
other half.of the ¢ylinders was'untaintbd wood. The question was the
same, "...more blue blocks or more woaden blocks?", but in this case

the superordinate attribute, "wooden", could be seen as readily as the

’
-

subclass attribute, "blue". 7 he other children received "one-
>

dimension" égeptiona about cylinderd which were half vellow, with the

.
. '

e
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other half painted either blue or red: ", . .more blue blocks or more

&ellow blocks?". In this case aubclass and superordinate attributes

were not only equally visible, or salient, but these attridbutes were/

from the same dimenaion, color. ~ The chiidren gave more correct
inclusion reaponsea to ‘the one-dimension .Queations than to the two-
dimension, equal salience questions, and performance was better for
two-dimension, equal salience than for the standard Qiagetian case w;th
tup dimensions which are unequal in salience.

The materials that Tatarsky used have a perceptual basis-
similar to those used in the later study by Wilkinson, and the
observations made about Wilkinson's "percept™. conditions apply to
Tataraky s two "equal salience" conditions The improved performanee
in the two-dimension, equal salience and the one-dimension gquestions
-may result from children understanding the requested comparison'more
clearly; or it may result. from children treating the experimental
‘iubclass and superordinate class.as two separate classes. Tatarsky's
finding that the children did better in the one dimension case than in
the two dimension-equal salience case weakens Wilkinson's argument
about counting strategy. If use of a; early counting strategy which
prohibits AOUble counting were the only basis for improved performance
when the superorainate attribute is more salient, or more countable,
then there should be no difference betwaen Tatagsky's two "equal
salience" conditions. The superordinate clé;s in these two cases would
have been Just as countable for the young children regardless of
whether they were counting wooden cylinder halves or yellow cylinder

halves, .

©
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'McGarr:I.gle, Grieve, and’ Hughes (in press) manipulated the
?alience or,the.éuperérdinate class in a manper very,aimilar,to‘that of -
Tatarsky'and Wilkinson, and ostained sim;iar results, Using black cows
and a white cow, all lying doyn, they cpmp&red the atandard Piagetian
question, "Are. there more bléckucows or more co;a?“, to the expanded’
form, "Are there more black coﬁs or more sleeping cows?" For children— —
3 to 5, superordinate ‘responsés occurred 315 of the 'time with the
standard question and 52% of the time‘uith éhe expanded question. For
children S5 to 7, correct response went from 25& on the standard
question to 43% on the expanded form.

McGa:rigle et al. also invea:igated the -effect of increasing
the salience of ubclass, predicting that this would inc;ease'use
of subclass comparison. With one set of materials a teddy bear was
four red chips ("steps"™) from a chair. Two white chips beyond the
.chair was.a_table, so.ﬁhgt the table wag six chips from the teddy bear.
When the subclass was not saiient, the question was analogous to the
Piagetian inclusion questidn: "Are there more steps to the chair or
more steps to the table?™ When the subclass was made salient, the
.children ueré asked, "Are there more red steps to go to the chair or
mere steps to go to the téb;e?“ When the subclass was not salient,
ﬁerrormanqe was better than that typicallylobtained with the atanéard
Piagetian question. Children 3 through 5 gave correct answers 64% of
the tipe: This suggests that either this question was more interest;ng
to the children than "Are there more red chips or more chips?", or, the
meaning of the questioﬁ was. sogehow clearer to the children than the

Piagetian Question: However, when the subclass was more salient (red ~

T



ateba or stepa;to table), the children's performance dropped to 38%
oorregt responases. Thus, McGarrigle et at. showed that ;pelusion
perrormance‘improveé when Ehe superordinate class ia‘made more salient,
and is worse when the subclass is made more salient. '

The investigation of superordinate class salience in the
inclusion question has been taken a step rurther by Mariman {1973) and
Markmar and Siebert. (1976). They have shown that children in

.~ -

kindergarten and first grade perform better on inclusion questions when

-

‘the superordinate class is labeled with a collectlve noun like family
or piie, £;an when a class noun like dogs or blocks is used. In
- discussing this finding, Markman and Seibert point out certain key
distinctions between collections and classes. Collections are defined
by the relationship of the members (parenﬁ dogs and baby dogs make a
family of dogs), thle classes are defined by a common gttribute

possessed by each member ("dogginess"). 1In a collection, the parts are

not representative of the whole as is true for a class; baby dogs are

not a family of dogs, but they are dogs. Finally, collections have an'g

internal orsaniiation which 1is lacking in classes. Parts fitted

together make a machiﬁe; grapes attgched to a stem fore a bunch; blocks

arranged one on top of the other are a\pile. Classes, on the other

hand, are aggregates of items which have a common attribute, or set of

attributes, but the classes do not have any internal structure.

. [ 2 )
Because of these differences, Markman and Seibert conclude that

collections are more coherent psychological units than classes. This
greater "wholeness" on the part of collections allows children to

preserve the superordinate class better when a collective noun is used

R
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‘in-the inclusion question, and this accounts for the better pérformance
whiéh is observed.

Turning to hnogher aspect of pe(ceptual effects and class
inclusion ability, Markman (1978) brovided evidence that even when
children answer inclus;on questions correctly and can justify their
answers, thé basis for performaﬂce may be empirical rather than
logical. Subjects were children aged 7, 8, 9, 10, and 11 who succeeded
uith-Piathian inclusion questians. These children were asked various
questiqps aesignpd to measure kﬁowledge of the part-whole relationship
" when tﬁe classes wefe notlperceptually available. For exapple{ the

stimulus items were put behind a sereen and the expérimenter said,

N
... am going to take some of the furniture away...can you tell for

sure whether there is more furniture left or more couches left?" In
énoéher type of question the children were asked, "Could you make it so
that there will be mbre spoons than sil;erware on the table?"™ .The
children younger than age 11 had difficulty with these experimental
questions. Since the young Ehildren could noéademonstrate inclusion
logic when empirical information was missing, the authors concluded
that the ¢ ild;;n's success wit; the Piagetian inclusion question was
not based on derstanding of logicallnecessity.

Markman's findings are not incompatible with the Piagetian
position. Piagetians are aware of discontinuities in the application
of children's understanding, and in fact say that when children are in
the stage of concrete operations, around ages 7 through 11, they can

apply logical operations to concrete objects but cannot apply the same

oﬁeratioﬁa with abstractions. The limitations in dealing with
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abstractions\lhply that lbgicgl development is not fully mature, but
nonetheless theé children are d;aling with concrete objects logically.
Also, it should be noﬁed that Markman's procedure added trahsformation
of" stimulus materials to thg standard inclusion problem, and probably .
the transformation made the problem more dirficult_rof the children.
It would be useful to compare Markman's re;ults with a condition’ ip-
which the same question is asked with the-stimulusvitems displayed; for
example, with silverware on the table the ch;ldren could be askedf "Can
you make it so that there'will be.more spoons than g&}veruare?" The
children might do Just as poorly in this case as when the materials are
concealed. If so, the difficulty-results from the added problem of the
transformation, not from,the léck of empirieal information.
The inquiry into perceptual effgcts on class inclusion has been
added to by Isen, Riley, Tuckér and Trabassc (1975) and Trabasso, Isen,
Dolecki, McLanahan, Riley and Tucker (in press) in a series of experi-

-~

ments. As éifea&y‘ mentioned} in one procedure these researchers
r;plicated Wohlwill's finding that use of contrasting items (D) ;utside'
of the superordinate class facilitates inclusion performance,
» presumably because the suﬁé}ordinate class (B) is more salient to the
children because of the contrast provided by D. In the Isen et al.
study the D class was composed of two subclasses, C and C', with équal
numbers of items in these two subclasses. An example of a stimulus set
would be four apples (C) and four oéhnses (C') making eight fruit (D),
+and six dogs (A) and two cats (A') making eight animgls (B). The

children gave more right answers to the inclusion question, "Are there
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more dogs or more animals?",h when the fruit was present than they did
when only tﬁe animals were displayed. . :
In a secéhd procedure in -the Trabasso studies, some of the
children were asked ail pair-wise contrasts for the two superordinate
. classes, for example "more dogs or more apples,” "more dogs cr'ﬁore
fruit," Ymore -animals or hore fruit," and so on. These questions
included the class inclusion~§uestion for‘both B and D, that is "more
dogs or more animals,"™ and "more apples or more fruit."™ This use‘of
multiple comparis&ns facilitated inclusipn.performance in children 5, 7
and 9 in comparison to single class (standard) inclusion questions and
éouble‘class Questions which did not include multiple cogtrasts.

Even more striking than thé effects with a contrasting class
and multipleczntrasts, is the evideﬁbe obtained from the comparison of
a subclass to an unrelated superordinate level class, for example,
"more dogs or more fruit" (A r D). 1In both of the Isen et al. studies
thére was no difference in correct response Qhen children were asked,
"Are there more dogs or more animals?", or when they were askagd, "Are
there more dogs or more fruit?" This is‘ an astounding %ding.
Piagetian theory would not predict difficulty with the 4 r D
comparison, because the .two classes are distinct and there-should be no
problem with simultanecus cgnsideration. Wilkinson woula predict %hat
£he A r D comparison should be easier than the inclusion “question
because itéms do not have to be counted twice in the between class
cocmparison. An information processing analysis presented by Klahr and

Wallace (1976) also would predict that the between class comparison is

'easier_‘than the inclusion comparison for young children, because
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children should correctly encode quantity information about the
'superordina;e class D which is identified as Frruit-not-dogs“. The
task analysis provided by Trabasso et al. does account fc;r the finding
of eq;ivalent difficulty for the two types of'quegtions.‘ This modei
proposes that the children, given: tpe_ display with the two
superordinate Qlasses animals and ffuit‘(ﬁ and D), encode only the
sub;rdinate’classas, dogs (4), QatS‘(A'), app;es (C) and or;ngfs (Cv).
Thus when asked to compare dogs (A) and fruit (D), the children do not
have an accurate éstimation of fruit, (D), buﬁ zmust use either apples
(C) or oranges (C')}, which results in incorrect response.
In addition to the study of perceptual effects, the findings of
-Isen et al. and Trabasso et al. have implications with regard to
language. Isen et al. (1975) speculated that the child
"has to figure out  what the speaker meaps by the
qQuestion...language, then, when viewed as
communication, is shown to be highly context dependent
for children and the interaction of language and
perception in class-inclusion contexts leads to a

wisinterpretation of the question and a subsequent
failure to employ the correct operations {(pp. 8, 9).

Language Effects

In the studies Jjust discusse&, perceptual factors were
manipulated and this_affected incluston performance. It was pointed
out that in some of these studies performance may have improved not
only because of perceptual effects but. also ‘because the children
understood the question better. An example is a study by Sheppard
(19735. With a standard inclusion set, B = A + A", six-year-olds were

given training in which the larger subclass, A, had a matching class,

A1. The training procedure consisted of showing the children that A
4
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was equal in number to A1, B equaled AT + A' which was greater than 4,
and therefore B_was greater than A. _These relétionqhips were discussed
with the children and they were "guided to see the relationships". The
training was effective, and improved performance on the inclusion
question was found a week, two to three weeks, and three to four months
‘later. The manipulation of classes, and especially the discussion of

the manipulation, may have made clear to the children what the class

inclusion question means, - - -

A ]

This discussion of question comprehensibility assumes that the
Piagetian form of the inclusion quesﬁion is Aﬁfficult to understand.
Various writers (e.g., Narkman, 1973; Kalil, Youssef & Lerne;, 19T4;
Trabasso et al., in press) have suggested that the conjunction "or" may
be lmiéleading because this word usually Joins two disjunctive, or
separate, ¢classes. There is evidence that the Piasetiap questioé
implies.disjunctive comparison even for 5dults. Winer (1974) asked
college students, "In the whole .world are there more dogs or more
animals?", and then asked them whether or not they assumed animals in
this question included dogs. ‘ Thirty-one. percent assumed that the
comparison was between dogs and other animals, that is between the
specified subclass and .the superord;pate class minus that subelass.
Winer's ' conclusion Seemns quite reasonable: if that many adults /,-ﬁ\\\\\\
" misunderstand the question, ﬁrobably a §great many cq;ldren\4

misunderstand the question.

1

In an attempt to clarify the inclusion request for children,
Winer altered the standard Piagetian inclusion question to a nore

elaborate form: "If I had four apples and three pears, would I have
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more apples or more things to eat?" ‘He found that children of 7, 8 and
9 gave more right answers to ghis questicn than to thd usual question,
"Are there more apples or more things to eat?", and he concluded that
with the elaborated verbal form children were better able to understand
the logical comparison which was requested. _

Ahr and-Youniss (1970} also used an expanded véerbal form gf the
inclusion question in a training study, along with a simple verbal
feedback procedure. One group of ‘children receivéd verbal feedback
only, and the second group was given verbal feedback plus an e;;anded
form df the inclusion quesflion: T"Are there more B or more A or more
AT Bothibgroups of children showed improved performance during
training, but the children who received the expanded verbal form did
not maintain higheéf performance in post-testing. In the verbal
feedback only conditidﬁ;‘however, digher performance was maintained:
603 of the: eight-year-olds and 20% of tﬁ' six-year-olds learned
successful inclusion performance. The authors concluded about the
success of the feedback only training that "...they had understood
inelusion byt failed tolperfdfm appropriately. This argument,
compatible with Wohlwill's (1968), recommends a distinction between
comprehension of an operation and the expression of it at the level of
perfdrmance... (p.1u2)5 I suggest that the children became able to

perform, and to demonstrate their competence, because they learned,from

verbal feedback what the experimenter was asking for in thé standard

Pilagetian question. In the expanded form of the question which

specified both subeclasses .and the superordinate class, the intended

cozparison was immediately clear to the children. However, in transfer
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testing, the origiral non-expanded Piagetian form was used and the
‘advantage of understanding the question was lost. - |
{ . - .
- Kohnstamm (1968)—used  not only feedback but also detailed

explanation and discussion to train five-year-olds. This verbal

training was effective: in three experimental grouﬁs, between 30% and
80% of the childfén showed improvement in ¢lass inclusion perfonmance.
Digressing from the,discuésion of language effects, there was.
_____*_____;‘w__jglrinteresting finding in Kohmstamm's study about type of stimulus
material. Be used three présentation conditions: in his first group
¢lasses were presenéed verbally, in the second group, pictures of
objects were used to illustrate ¢lasses, and in the third group,
pictures of blocks were used. In the first two groups, 30% and 40% of
thé children achiev;& class. inclus&on. But in the third group,
although the procedure was the same, 80% of the children were able to
answer élass inclusion questions, and performance was even better at
the three-week post-test. The difference in this last case was in the’
stimulus materials used. The author's only commént on this was, "...it
was apparent that the block material had a much greéter learning effect
. than the picture material..."; It appears that the simplest s£imulus
material was most effective in FKohnstamm's training, and this is
especially intere;ting because the transfer tests for this group
includeg questions -that were purely verbal, and questions about
pictured material.
Like Abr and Youniss, and Kohnstamm, Brainerd (1974) examined
verbal training. ﬁe used simple verbal feedback in attempts to train

children 4 and 5 in transitivity, conservation, and class inclusion.

-
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He reported i:hat it ua.-,;" more difficult tol train the -ehildren " for
I

'inclusion than for tranaitivity and conservation, but the inclusion

+ "--‘t

training- procedure uas someuhat erfectzve.,g There uas no c¢orrect

‘response in - pretesting, ‘in the post-testing, one week later, the

children-gave correct answers 41% of the time.

The Kobnstamm, Ahr and Youniss, and Brainerd results are

.consistent: there was some improvement in inclusion performance

following verbal feedback training, and that improvement was maintained

in later testing. All of theseiauthora-éoncludeq that the training was

effective, that the children were learning to make the inclusion

compariéoni' However, it could be that feedback was effective because

it made clear to the chzldren what the lnclu31on questlon meant. or -

course, . tralnlng effects and questlon clarlflcatlon may have jointly
contributed to lmprovgd performance.

Siegel,  McUabe, Brand and Matthews (1977) stt-zdied language
effects on inclusioniperformance by Qarying the linguistic form of th?
inclusion question. Théy asked children, "Do you want to eat the
smarties or the candies?", and compared this to the standard Piagetian
foéﬁ "Are there more smarties or more candles?" Three- and four-year-_
olds were more likely to know what they wanted ‘to eat than to correctly
state which c¢lass had more. In_other words they gave correct inclusion
response more often to Siegel's quéstion than to the Piagetian
question. These performance differences may be based on the language

used, "do you want..." versus "are there more..." In addition, there

probably are mo¥ivational effects because young children have nmore

personal interest in what they eat than in quantiﬁative comparisons.

w
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Asteament of Incluslon Abslivy | @

. The research surveyed here elearly inqicates that when we study
class inelusion we are not assessing only incluﬁion conpetence, fhere
are many factoré which affect children's response to inelusion
questions. Th%‘ contgxt of the questions is important, and this
includes tlie kind or' class content used , the salience of the attribute
which defin? subclasses and supérordinéte class, and the présenée or
absence of contrasting classes. Quantificagion skifis available to the
childreﬁ, and the use of multiple coﬂparisonq may affect response..
Linguistic factors are significant, especially with regard té whether
or not the children understand what it is that we are asking them to
do. If Nortﬁ American adults yeré asked the inclusion questions in

Greek, most'of us would fail the question.

-
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In the aaaeadment of claas incluaion reported in thia theais, -

language was varied in two ways. Firat, different rorms of language.

were used for the inclusion question; each linkuistic form posed the_

same logical demand,. duantitative comparison of subclass and

:upbrordinate class. Second, language was reduced in the standard
Piagetian inclusion question. One purpose of treating language as an

independent va‘ﬂable was to examine the sources of error'in class

- W

. LY

inclusion performance in order to d@bermine how much error ia

‘language-related, and to identify tﬁ% circumstaqces.under which

‘

languaée-related error occurs, Anothgr purpose of using different

language conditionsl’wa; to obtain a more accurate deﬁcription of
developing inclusion ability through a reaearéh approach of converging
estimates. « .

One product of this work serveswbobh of theae goals. For the
last experiment a mathematical model was deveIOped which partitions

[

class inclusion response into eatimgfes of the underlying componenta of

AN

that response. quqg tpia analy:ia‘it i3 possible to estimate the"

extent to which children are using inclusion logic, or 'comparing the

subclaaseé, or guessaing. The. only data ua ed by the. model are

children 3 anawers to comparative quaetions- there is no analysis of

children's explanations ofstheir answer== <

- - o

8 (o 6

- . . »
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The mathematical model ia a u{rul- tool in the study of class .
inclusion_.be'eause it allows examination™of the strategie?, and hence
the logical base's, u'séahb'y- children in .dirrerent assesament conditions,
ahd at dirferent-agéa. Thua-, in a language-defined asaesament
condition it is poaaible to determine how much error is based on
‘comparison of subclasses whic;h always leads to the wrong answer, and
how much. error reflects some kind of guessing :trategy, which leads to
- the wrong answer about fifty percent of the time. Similar-ly, the
c._'.orr'ect. answers obfained in any assesament condition can be partitioned |
into those based on inclusion logic ang tr;o:e which‘repr‘eaent mRlr of{
the guessing. The mathematical analysis, then, a-llou:;. deta\iled

comparison of the effectas of different language conditions in

_aasesament,' and affords a more precise understanding of developing

T

tnclusion competence.

"3
Diacuasion of Reamearch Methods and Goals

The rationale t‘or compar‘ing ‘different language' !‘orms in claass
inc;luaion assessment is to provide dir‘t‘_erent; eatich‘;:ea l!‘ incluaion
ability, and to try to unﬁrstand how the different linguistic forms
may account for certain kinds of error. For example, it may be that
the Piagétian- queation 1is difficult and misleading f‘or child.r'en,
because. the form "Are there more A or more B?" impliefompariaon or'.
. dis,juncti\re rather than incluaive clasaes. Thi: can be studied by
comparing the Piagetian question to_ an iriqluaion question form which :
n;i.:;_ht be' more clear to-childf-en. Also, since the .Piagetian‘ queation

asks diréctly for quantitative comparison of the larger subeclass and

“'the superordinate class it may not be a pnrticuiarly interesting or

[}
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. . 4 -
motivating question for children. One way to test this poaaibi%ity is
to cémpare the Piagetian question to questionsa yﬁioh require thé same
quantitative comparison, but in a form which is expected to be more

interesating for children. o |

Turning to the reduction.or language demands, previouﬁ methods
used in assesiment of conservation, aseriation, and transitivity have
included techn}hues based on motivated choice, inatrumental choice and
:urprise Mang.or‘these studies are variations of a learning paradigm.
in which children learn to choose the stimulus item or set which is
"bigéer", "longer", or "more". The child's choice may be made
nonverbally, for example, by pointing. Sim;iarly, with the aurpriae
paradigm the %eaponae is nonverbal, and is in fact Lpfﬁi;ntari: the
axperimenter Ju&gea surprise from the child's clal expresaion-and
demeanour. Violation of logical expch;nE}v is inferred from the
surprise resaponse, There may be correlftive verbal behaviour, Eut this

is not necessary for the surprise measure. '

The one study (Braine, 1962) which attempted nonverbal
T M

asseszment of classification skill used a learning paradigm in which

children were to learn to choode either a stimulus set of items that

were all in the asame subclbhas, or a stimulus a=et of _items from
different subclasses, but all in the same sup;rordinaté clasas. The
children were ;ewarded by a cqndy hidden under the correct set. There
were no verbal instructions about how,&o ;hoose, and reaponse

requirementa were nonverbal.

In these previous efforts to assesas logical Operatioﬁa with

reduced language demand, the stimulus materials were comparable to
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those used in traditional Piagetian_studiea, ana of ocourse the
intention was to require the same logical operation. What is different
in these methods is the way of putting the logical demand to the
children, and the manner of response (M;ller. 1676). 1In attempting to
reduce language in the presentation of the task and in the responaes
required,, I suggest it may be partiﬁularly important to conaider
critical aspects of £he logical operation being assessed. Fdr example,
in the study of classification, including class inclusion, one critical
aspect 13 the idqntirication of classes. This is basic to

L J
classification functioning.

In the standard inclusion question children. are asked, Jﬁre
there more As or more Bs?", where A and B are the names of the largef
‘subclass and the ‘auperordinnte class. Thua, the classes in the
question are identified verbally. To reduce lahéuage, I cmitted the
names cof c¢laaases r;om the standard Piagetian ihclusion question, and
used visual symbols to identify the classes. With this exception the
linguistit form of the 1n§1usion qQuestion remained the same, so that
this procedure is much closer to the standard Pilagetian procedure than
is the case in many previous studies which reduced language in the
assessment of Piagetian concepts. The similarity of this lingpistic
form to the Pilagetian question ia'an ad;antage in asserting that I am
testing for the same logical ability as the Piagetians.
Analvads of Reaponae Bamea

The mathematical model developad. /for analysis of components in

~

inclusion response makes it possible to re-evaluate Piagetian inter-

" pretation of what children do when they have not yet mastered class
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incluaioﬁ operation. Young children typically give the wrong answer to
the ;nclusion question, rather tﬂan giving the right answer halr.the
time. as we would e;pgot ir ihey were guessing. The Piagetian
explanation is that uhan‘ohildren cannot compare.the larger subclass £o
.the superordinate class they instead compare the'two_;ubclaaaea, which
ieada to the ayatqgatic error observed. _The Piaget@an interpretation
is reasonable, and it fitas the, data. Houeveré- using only the
percﬁntagea of right and wrong anawers on the inclusﬁon question, 1t_is
impossible to know the proportion of responses b?sed on iﬁclusion
logic, the propertion baaed.on subc;aaa comparison, %nd the propdftion
basad oﬁ guesaing. Piagetians use the clinical iéterview method to
determine the logical bases for children's incluai%n Judgment. The
children are asked to exp}ain Xhy they answered as they did. However,
when a logicél competence 15 not yet fully developed, but is in,qﬁatate
of acquisition, it is unlikely that children will Be able‘to explain
all of the logical procossea whichiarc affecting their functioning.

_Brainerd (1973) has written a detailed and influential article
about methods of inquiry into the }ogical bases of cognitive
runctidning. He argued that there are th?oretibally-based objections
to the uaze or”\éxplanation as’ a measure of cognitive structure or
response: strategies. Ih Piagetian theory, logical operations are
internalized actions, such as those - involving inversion and
reciprocity, and theae_operations are not based on language. In fact,
language is essentially a dependent variabie with regard to cognition.
Given these assertions of the Piagetian pogition, use of language to

L%
assess logical competence will lead to the Type II error of under-

~
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estimating logical ability. This is so because all the children who
are ablé to give satisfactory explanations will possess the logic in
question, but not all the children who possess the functional logic
will be able to explain that logic. Brainerd points out tha£ there is
no theor;tical reason to assume that use of responses that are simply
Jﬁdgments to evaluate logical competence will systematically lead tq
either Type fI error, or the Type I error of overeatimating logical
ability.

In this work the mathematical analyﬁia of undeblying components

of inclusion reaponsé uses only children's judgments, the Simplp verbal

responses made to two. comparative gquestions. The data dﬂalysed are

percentage of correct and error response on the inclusion question and

on a question which asks comparison of the amallgr'subclass and the

‘superordinate cigss. Because this latteg question was not asked in’

Experiments 1 énd 2, the model could not be used with those data.
However, the model is very useful in interﬁreting the effects of
assessment conditions in Experiment 3. It is poésible to specify why
the two 1ﬁnguage conditions lead to different results because we can
determine the strhtegies %hich are used in each condition.

To sum up the content of thias thesis, the research reported
here varied language in the assessment of class inclusion abiiity with
children of different ages.A;Langu;%e was varied by coaparing different
forms of the ineclusion queétion; and by reducing language in the
standard P}aéetian queation. - In th; last experiment, mathematical

analysis of the components of inclusion performance provided a better
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estimate than was previously available of inclusion ability and of

the other bases for response to the inclusion question.



S ‘Lhapter 5

Experiment 1: Jifferent Language Forms
This experiment exam;ne& the‘ effects of. different language
. forms in.assessment of class inclusion.. Scme linguistic fo;ms may ﬁe
harder and some- linguistic yb;ms may be easier for children to
understand. For example, it wgﬁ suggested in the precediﬁg éhaptes
that the Pi;getian inclusion question may mislead children b&
3ugge$f;hg disjunctive comparison, the comparisog of subclasses. This
possibility has been discussed By Shﬁﬁley (1971), Markman (1973), Winer
(1974), and Trabassﬁ, Isen, Doleckti, McLanéhan, Riley and Tucker, (iq
press). To .illuat;ate, suppose the stimulus items are candies,'
_smartiea and Jelly beans. When asked "Are there ﬁore,smartie; or more
candies?", the listener may assume that the intention is to ask whether
there are more smarties or more of the other candies. This
interpretation, base& on lingdist;c confusion, will lead to the
compariéon of ﬁhe twoe s;gziasses raEher than the requested cq&parison
of the smarties and all of the candies. Winer (1974) has - shown that
this misunderstanding is common even witﬂ adults.

It may also be that the Piagetian quéestion is not particularly
interesting or motivating to children. Siegel, -McCabe, Brand and
Matthews (1977} éaked,a.motivated chéice quéstion'to test ipclusion;
and Slegel's q;estion seems more likely to capture children's interest:

"Do you want t0 eat the smarties or the candies?"™ They reported that

three- and four-year-olds gave more correct inclusion response to this

T‘

/

)
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Question than to the Piagetian question, "Are there more “smarties or
more candies?® In thi$ st&hy Siegel's inclusion ,question was one

alternate language form which was compared to the Piagetian form. The

stimulus materials included candies, marbles, bingo chips, drinking-

:tréws and ribbon. Since most of thease materials were not edible

——

Siegel’s question form was changed from "Do you want to eat..." to "Do

you want to have...,® for example, "Do you want to have the smarties or

the candies?"® All of the children received four of Piaget's and four

of Siegél's.inclusion questions to see irf they were more likely to
answér correctly with Siegel’'s than with Piaget's question.

It ﬁaf‘make a difference to the children whether the} receive
more or théir less preferred subset in the inclusion question,
For Jexample, 3uppese a c¢child loves smarties and hates jelly beans.

Bi that child is asked whether he or she wants to have the smarties

or the candies, the response may be "smarties" because of the child's

preférence, and not because of logical'inability. Thq child may not

.want to have the Jelly beans as well as the smarties, But if the

choice is Jjelly beans and candies the child may choose candies in order
to get the desired smarties. Thus we would expect more choicerof the
supercordinate class when the leas preferred subset 1is used. This
effect would have important methodological implications. To
investigate this possibility, the children were pretested for
individual subset preference, and half of the children always received
their more preferred subset in the incxpsion Question, and half always

received their less preé%rred subset. This was done for both Siegel's

3
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.and Plaget's question form, and more or leas preferred subset was a

between—subject factor in the experimental design.
Two innovations in the procedure for Siegel's -inclusion
question were instituted during the course of the experiment. 1In the !

first case, some of the third grade children seemed reluctant to act

greedy in response to Siegel's -question, and this observation was

<

supported by postwexperiment _ipterviews. Consequently all of the
fifth- and seventh-graders were told, "Now there's one rule to‘this,
you've got to tell me what you really want, 0.K.2"

Thé other change in proceaure resulted from something one child
did: he answered a Siegel inclusion question, ;nd then picked up the
items chosen and put them ;n h;s cup before the experimenter could do
s80. It seemed tﬂat thi# deviation in procedure was 'a behavioural
response which pould prgéide useful infbrmation, bécause if a chiid
understands the choiée ﬁade the verhal response and the résponse of

putting items in the cup should ma;ch? From that peint on, after their

answers to Siegel's questions the™ ohildren were told to put their
3?».

choice ih -their cup.
The second language form examined‘ was based on the_

consideration that it is difficult to think of real life instances ofl“‘

the Piagetian linguistic form for inclusion. Several times at the

dinner table, my children and I discussed thi; problem in detail, and

the best examples we could think of weré not very goéd examples of

spoken English:

Please put away your socks or your laundry.
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Do you want to have the barbecue chips, or the chips ‘on this
dish?

- » ~

Let's see how well you can count! Are there more. little forks,
or more forks on the table?

.-

- These sentences sound peclér. We aiinply do not say things

like this to each other in real life situations. However, we do

sometimes say things like:
”»

r

Please put away your socks, or better still, put away all your
laundry..

Do /you want~to have the barbeque chips, or would you like to
have_all e chips on this dish? :

Let's see how well you can count! Are there more of the little
forks, or more of all the forks on the table?

»
In these last sentences the word "all® modifies the superordinate class
and makes clear the intended specification of subordinaﬁe and
superordinate class. If "the As and all the Bs" is.the typical form
for this kind of expression, then the Piagetian question does- not
conform to normal language use. 'Some, of the error in inclusion
.performance may result froo misunderstanding: the question rather than
iﬁability to simultaneously‘considerrdifferent levels of classes.
The hypothesis was that usé of the word "all" in inc}usion
questions would make “clear to children that the inclusive compé?ison
was inﬁended, and they would then be able to demqnstrate inclusion

logic when that logic was available. To test this prediction, half the

- -‘

/ £



79

children received inclusion questions that did not have "all" modifying
the superordinate class [Standard. conditionj, ,an& the other half
received queatigns that did “have "all" modifying 'the‘ superordinate
"class [All condition]. The ﬁll form of the Piageétian quéstion was,
"Are there more smarties or more of all the candiea?“, and for Siegel's
question the All form was, "Do you want to have the smarties or all the
candies?®

A variable of secondary interest in this study was size of
subset ratio. Ahr and Youniss (1970) and Isen, Riley, Tucker and
Trabasso (1975) found that inclusion performance was better when subset
ratio was small, that is, when the larger subset did not havelmany more
items than the smaller subset. To examine the effect of subset ratio,
the numerical coﬁposition'of stimulus sets was varied. Subset‘sizes
were 4:3, 3:2, 4:2 and 5:2, so that the ratios of larger subset A to
smaller subset A' were 1.3, 1.5, 2.0, and 2.5 ;espectively. Because
subclass sizes were kept small inm this study, the numérosity of the
entire supero;dinate class was not heid constant, in contrast to Ahr
and Youniss and Isen et al.

To sum up, the geneiﬁl hypothesis in BExperiment 1 was that
certain linguistic forms would facilitate deﬁonstration of develcping
inclusion ability,'and that this.efrect would be most apgirent at early
ages. Specific predictions about inclusion performance were:

1) Performance would ,be better when "all"™ modified the

superordinate class than when ﬁall" was notfﬁsed.

F

-—-——'\
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2). With younger children there would be.hére correct response .to
Siegel'a question form, "Do you want to have the Aa or the Bs?"
| than to Piaget's "Are there more As or Bs?“
3)‘ Children would be m;re likely to use subclass comiparison on:
Piaget'$ standard question thaq,oq_siegel's question; or.on the
.j"all"‘modified question. L \ ’
}) On Siegel's question, children would do beiter with their less
‘ ';prererred subset, ratber than their more preferred subset used
in the inclusion questlon.
5) As the ratio of A:‘A' i:;er'eased, inelusion performance wpulcf .'
deciine.
Methed

There were 224 §s, (16 glrls and 16 boys’ at each of seven age
levels. The ages studied were 3, u:—‘g, 6, 8, 10, and 12. The
presachoolers attended thtle Pecple's Day Care Centre and Tapawingo
Tribe Day Nursery, and the school children were students at St.
Catherine‘of Siena, St. Theresa, and St. Vincent de Paul schools, all
in Hamilton, Ontario. | |

Boys and gi:ls were.ranked separately by age in months, and
then were divided into groups of four. For each‘group, the first child
was randomly assigned to one of the four experimental conditions to be

:described, the second child was randomly assigned _;o one of the
.remaining three conditions, the third child to one of the two rema;nimg

conditions, and the fourth child was assigned to the last condition.

This random-block assignment ensured that average age was about the
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same in each condition and there were equal numbers of girls and boyas

in each experimental group.
IEUEuﬂaln'

~ Four kinds :of ‘stimulus sets were used. The sets included

. : Teea At
A - . _ e,

candies (smarties and jelly beans) ’Tmarbles (striped and <plain),
plastic bingo chips (red and gneen), qand- pieccs of‘.d;inking straw
- (thick and thin). For reasons of safcty,l;ieces of ribccn (cclvet“and
smooth) Qere substituted rér marbles with”the preschool children.

- S~

Experimental Desisn
Each § recelved elght inclusion questlons, four of Siegel's and
four of Piaget's. Betueen 28 there were four combinations of set
numerosity and content and two orders of admlnlsterlng Plaget's and
Siegel's quest:.on form, PPSSSSPP and SSPPPPSS. This resulted in eight
combinations, or subject procedures. ° In each subjcct procednre,
stimulus sets used on thcufirst four inclusion questions were repeéte&
- exactly, in contegt and. 31ze, for the second four questions, so that

for each specific set a,ﬁ recelved one of Slegel's and one of Piaget's

questions. An example of a subject procedure is:

trial v form gontent _'numerosicv
1 S‘ l _ candfcs . 4:2
2 s . .‘h. marbles o 'u:3' '
3 b P  chips 5:2

' h.-< P '  straws ‘ 3:2
> ) P . ~ candies : - ' .
6 P . marbles - BLEER
7 S _ chips, . 5:2

8 o S ‘ straws . T T 3s2
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Each set of eight subject procedures wgs repeated in the fogr
cells defined by the two .Between-subject éactors; All and Standard
%mnmm,mdmmormem&anmeu'mﬁrwﬁgdm32

subject procedures for each age level. The experimental design is

summarized in the following diagram: )
) . .
CAll Standard
2 nggrg’g; Piaget-Siegel questions
More : - l ’ :
Preferred ™ X
, 4 combinations of set size
Less { . and numerosity = -
Preferred o \ 8 subject procedures in each
; cell

) Each § came to the experimental session individually."rhe
materials were displayed in a partitioned container, and for each
stimulus set the S was asked which subset he or she liked better. The

S's preference determined which subsets were used in the inclusion
duestions, depending on whether the child was in the More Preferred or
"™ the Less Preferred condition.

For each inclusion question the 4 and A' items were set out in

two separate piles. The S was asked to name A, A', and 3, and then was

OW many items were in éach of these classes. For example, "How
many smapties are there? How many Jjelly beans? Candies?" The § was

if he or she did not indicate that B > A > AT, so that
incoﬁpetence would not interfere with the logical question.

. . _ .
Within those constraints wro answers were a2llowed, since relative znd
> ?

\y absolute size was the issue.
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The S was next asked if the As were Bs, and if the A's were Bs;

"for example, "Are the smarties candies? Are the jelly beans candies?”

No correction was given to.the response.‘

Finally the class inclusion question was asked. The Piagetién
forn was, “Are.there mere As or more (of‘all the) Bs?® Sieéel‘s form
was, "I'm going to give you Sqme of these things, and you get to keep
them. Do you want to have.the As or (all) tHe Bs?" In the lnltlal
stages of the study, the E put the chosen items in a paper cup after
Siegel's question. Later, however, the Ss were told, "OK, put those in
your cup,” providing a behavioural measure of inclusion 'performance on
Siégel's question.. These beha&ioural response data were obtained at
ages 3, 14, ;0, and 12 for all Ss; at age 5 for six S8 in the All
condition, and fiYe in the Standard condition; and at age 8, for nine
Ss in All and eight in Standard cbndition. No behavioural data were
obtained'for age 6.

Across trials, the order of A and & ;as alte}natea or
counterbalanced in: physical placement of the items; in the questions
asking whether the subsets belonged to the superordinate set; and in
the inclusion question.

To suz up the procedure for each of the eight 1nclu31on trlals,
after naminmg the sets the 3 was asked how many were in the subsets and
the superordinate sel, whether the subsets were in the superordinate
set, and then the inelusicn question was given. |

lt= D1 asgi -
& preliminary look 2t the data suggested that there were no sex

differences (Figure 1) and_no effects of subset ratio (Figure 2), and
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'PERCENTAGE OF CORRECT RESPONSE

Inclusion Performance of Boys and Girlg*

(Experiment 1)
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Figure 1
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* 16 boys and 16 girls in each age group, 8 questlons per S.

10

12




PERCENTAGE OF CORRECT RESPONSE

— '—O— 4i3:133

|.D| 3:2=15

—hk— 4:2:=2-0

N —e—'5%:=25
7

Effects of m:vmpnmm Ratio on Inclusion Performance®

* Each data point represents 32 Ss, 2

AGE

responses cach

Figure 2

12



86 -~ .
tests were dome to determine if tt-zi.-s was the case. Since it was
po;sible that boys and girls Imight have responded differehtly.'r,o the
independent~variables, particularly the language forms, .t,h.e number of
cor'r';ct..;er"bal response:;. was parﬁitioned by sex separately for Siegel,
Piaget, All, Standard, More Preférred, and Less Preferred (collapsing
across aiJ. other factors i.n. each case). (hi-square was ca.lcula.ted for
A g .

‘_these six comparisons, and also for total correct response of girls and

o,
* boys across all cond?'tions, for each age level. None of these k9 tests

o

*

resulted in a signiffcant chi-sqt?v(l‘able 1). There was no reason to

expect that effects of subset fatio would be related to afxy of the :

independent variables except age, and so the numbér'bf cor{égt'qeébal
FEBponse; for each of the four ratios was 6b£aingd across all-
conditions“. Chi-square was calculated for eac;:l age group, and for the T
different ages combined (Table 2). No-effecp of subset ratioc was found
in any of these comparisons. Because there were nc sex differences and
‘no effects of sﬁbset ratio, these factors were not considered in
further analysis. |
For the major analysis, carrgct vérbal responses were
partip{Ened into Siegel and Piaget question férms, A1l and Standard
_con%ﬁtions, and More and Less Preferred conditions {(Table 3).
Coﬁéingency table gnaiysis was done for each age group, using
hypowhetical cell frequencies.derived from the asSumptionlof no
difference for each of the main effects. The results of this analysis

are shown in Table 4, with chi-square partitioned into zmain effects,

two way interactions, and three-way interaction.

e R e ek 4 pm g g e
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- Table.1 .
- - Correct Responses. Partitioned by Sex
_ o . ) More ° -‘Less _
e  Sex- . Siegel Piaget All Standard preferred preferred Total
Ag piegel Pl ; :

3 F o 35 . 27 39° 23 35 27 . 82
- M 33730 40 23 36 27 _ .63
xi: .06 .16 - .01 - O o010 9o .ol
4 F 32 227 33 21 24 30 - sS4
. M 37 - 25 46 16 30 32 L 62
xf: : .36 A9 2,14 .68 _-67 -07. . .55

. F 32 15 L2 21 - . 26 . 47
3 M~ 31 10 ? 16 - 16 - 25 41
of 212 1.00 1.67 . .57 68 . .02 .41
6. F 42 22 42 22 27 37 - 64
: M 34 16: 37 13 18 32 50
xf: .84 295 .32 2,13 1.80 - .36 1.72

. - . : ’ L4
3 F 33% 33 42° 24 . 27 39 66
M 34 24 38 20 19 39 58
2 . ' :

X[ .02 142 .200 .36 1.39 ~ 0 .52
w | F 36 T 38 41 33 31 43 . 74
M 40 28 41 27 34 34 68
x?: .21 152 0 .60 .14 1.05 .25
12 F 47 50 51 46 52 45 97
M 38 . 59 50 47 48 49 97
xf: .95 .74 .01 .01 .16 .17 "0

Note: Maximum number of correct responses possible is 64, excep£ for
total column where 128 is the maximum.

None of the chi-square values is significant
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e Table 2 88
'C-o'rré'ct_R‘es.poﬁses. Partitioned by Subset Réti.o o T
. . Age . o
‘Ratio 3 4 5 6 8 10 12 | Total
1.3 .| 33 35 23 31 31 41 51 | 245
1.5 30 30 26 29 33 36 45 " 227 S N
2.0 31 25 22 25 27 33 46 209 ' |
2.5 31 26 19 29 33 32 52 222 LG
i | .15 2.4 .64 .67 .77 1.33 .76 2.95
ﬁ‘q:e:_ Maximum number of correct responses possible is 64 for
‘ each ratio. . - -
None of the chi-square values_is significant. "
e
~
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Contingency Tables: COrrect Response Partitioned by Question

Form, All and Standard Fom, -and. More and Less Preferred Subset

. Age &

A1l (A) Standard _
More (M) Less More (M) Less Totals -
Siegel 25 - 20 - " 12 - .11 68
Age 3 —(Q— —-
Piaget 19 15 15 = 8 N 57
Totals &4 - 35 27 19 125
All (o) Standard |
More (M) Less More (M) Less Totals
Siegel 24 26 . 3 - 11 69
~—(Q) - .
Piaget 12 17 10 [ 8 47
Totals 36 43 18 19 116
A1l (A) Standard :
| More (M) Less ‘More (M) Less Totals
. Stegel 17 22 8 16 63
Age 5 —(Q)
Piaget 11 10 1 3 25
Totals 28 32 9 i 19 88
A1l (A) . Standard :
. More (M) Less - "More (M) Less Totals
Siegel 27 . 27 3 - 19 76
Age 6 —(Q) )
Piaget 10 15 -5 8. . 38
§ Totals | 37 42 8 37 114
\ ALl (A) Standard
More (M) Less More (M) Less Totals.
1 Siegel 18 24 77 18 67
Age ‘s —Q : .
\\Piaget” 14 24 7 12 57
Totals © 32 48 14 30 124
LAl (A) Standard |
_ More (M) Less More. (M) Less Totals
Siegel 21 24 11 | 20 76
Age 10—(Q)— - , :
Piaget 20 17 13 |16 66
Totals 41 41 24 | 36 142
ALL (A Standard
More (M) Less More (M) Less Totals
Siegel 20 20 20 b 25 -85,
Age 12—(Q) ' -
~ Piaget 31 30 25 19 109
‘Totals 51 50 49 44 | 194

Note: Maximum cell frequency possible is 32.
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: - . _ Table 4

& . Chi-Square Partitioned For Matrices in Table 3%

Age 3 4 5 6 8 10 12
Siegel/Piaget (Q) .} .97 b, 17% 16,414k 12,6744 .81 .70 2.97
All/Standard (A) B.71%% 15,21 %A% 11.64%k%  16,98%%%  10,45%% 3,41 .33

. More/Less- (M) 2.31 .55 2.23 5.05% 8.26%% 1,01 .19
QxA 97 3.5 .05 3.51 .03 .25 1.67
QxM 1 20 .04 1.64 - .56 .03 1.01 1.32
AxM 01 .31 .41 1.72 ¢ 102 .08

. QxAxH %39 55 ¢ 2.84 .81 ¢ 1.01
Total 13.56 ., 24.28 32. 36 43.33 20.39 7.41 7.57
. a Chi-square values are given in body of table
ok p<.05 , .
# p < ,01 , _ : :
wkk p < ,001 - . v
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There were significant results for all three.of the independent
variabi_es at certain ages. Children gave more correct response to

Siegel's question than to the Piagetian question at ages 4, 5, and 6

- (Figure 3). . More correct answers were given at ages 6 and 8 when the .

less preferred subset was .used in the inelusion question (Figure 'l!),
and this was true for both Siegel's and ?iaget;.'s question. When “all"
was used to modify the superordinate class, children gave moz‘é right
answers than ﬁhey did to the standard questions at ages 3 through 8
(Figure 5).:,_h'rhps, all of the main effects were significant at some
ages, but chi-square partitioned revealed that: there. were no
interactions between the three factors (see Table 5).

In contrast to the :;esults reported by Ahr and Youniss (1970)
and Isen et al. (1975), no ef‘feéts of subset ratio on inclusion
performance were found. This may be because total set size was not
held constant and because ratios were not varied as widely in this
‘study as in the other two. Here the range of ratios was 4:3, 3:2,
§:2, and 5:2. Isen et al. used ratios of 4:4 and _6:2, and Ahr and
Youniss used 'ratios of U:L, 5:3, 6:2, 7:1 and 8:0. Perhaps subset
ratios affect igclusion performance only with larger sets of items and
a s;fficiently wide range of ratioc variation.

- D

At ages 6 and 8, the children gave more correct responée when

their less preferred subSet was used in the inclusion question. An

Y

u:_xeipected {inding was that this effect occurred- not only for Siegel's

question, when children were asked what they want, but also for
»

Piaget's question when children were asked the quantitative comparison.
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PERCENTAGE OF CORRECT RESPONSE

COMPARISON OF SIEGEL'S QUESTION FORM
TO PIAGET'S QUESTION FORM *

100 — . — PIAGET'S n.qum._._OZ _nOJ_,_S
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PERCENTAGE OF CORRECT RESPONSE

100,

60
40

20

AGE

* Each data point represents 32 Sd, 4 responses cach:

- Flgure 4

12

St




et IR R S I , ‘ \ + :
‘ .

.. ALL MODIFYING SUPERORDINATE CLASS COMPARED
TO STANDARD UNMODIFIED FORM *

a N
e N
" |
m . e mgzc»mc FORM
m sol- o——e ALL
7 .
e
_ﬂlv . -
L) 60—
o0
o
o
Q
L. -
o 40
w
<
5 2}
E ,_,. '
Q- , y
R _
i
A 0 | . _ | . | | | .
3 4 m 6 8 10 12
| | ,, >mm -
¥ m_xqmmz Ss IN EACH CONDITION — m< AGE GROUP, EIGHT QUESTIONS PER S
h u.wmcnm 5

B



. : 95
The basis for the effect on Siegel's questlon appears stralghtforuard.
when less preferred subset is one of the choices, the ch;ldren may
‘choose the superordinate in order to get the items they want most, but

when the more preferred subset is one of the choices, then children may

- _._

be satisfied to have that subset. Choice of tbe subclass with
preferred itéms, then, would not be logical‘:fror but eipreésion of
prefepence. There was no theoretical'or préctical reason that I was
awaré of éo expect more and less preferred subse; to make a difference
in response to the Piagetian question, but subsgt preference did affect
ﬁerformance on fhi; question. Pe;haps this is an attentional effect:
children might be mgfe likely to atternd %o and‘;espond with the larger
subclass when’ip is:composed of the iteﬁg.they like besé.

The effect of dore or _;eSS preférred subset on inclusion
péfformance is not particularly interesting in itself, but the finding
is of scme methodological importance. Subjects’ preference'with regard

to the subclasses affects their response gg;fhg inclusion question, and
so subeclass preference should be contrqlled in iﬁclusion research.
1t i 's sti

Returning . to the majér'hypotheses, Siegel et al. (i977)
reported that chiidren of 3 and M'gave more correét inclusion response
to Siegel's question than to Piaget's. This finding 1is partl}

replicated ;E Experiment 1: 'childreﬁ(u, 5, and & gave more right
answers, to Siegel's than to Piaget's question form, bdut tﬁere-was no
difference for the three-year~olds. °ercentage of correct response was

falrly constant with Siegel's questlon (Figure 3); for ages 3 through

10, children gave correct answers between 49 and 59% of the time, and
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this increased to 66% at age 12. It is interesting to note that

. ) .
performance on Piaget's question declined from age'3 to age 5: correct

- response was 45% for three-yeér-olds, 3?$'for-four-year,olds, and 20%

for. five-year-olds. From age 5, Piégetian_performance showed
consistent improvement, reaching 85% correct résponse_at age 12. These,

results on Piaget's and Siegel's question forms will be discussed in

-
-

terms of the strategies children were using.

- F
& ~ ~ -

For children 8 and under, Eorﬂ@ct response was lesg t?an 50% on
the Piagétian qﬁestion and'so it a;pears that some of these éhildren-
were using a subclass éoﬁparison strategy which leads to wrong
response. For example at-ases k5, and 6,rpefcentage of correcﬁ'

response was 37, 20, and 30% respectively in the Piagetian question,

while performance was never below 49% correct response on Siegel's

"~ question. Thus, the evidence supports the hypothesis that_?iaset‘s

question, in contrast to Siegel's, leads to disjunctive comparison of

LY

the two subclasses. Presumably the use of subclass comparison strategy

on the Piagetian question is gne reason that performance was worse on

‘that question than on Siegel's at 4, 5, and 6.

Cn Piaget's question, performance was better at ages 3 aqd 4
than at age 5. This is because some of these young children used a

recency strategy: they responded with the last-named class in the

k1. At 2ge 3, § out of 32 children responded with the
last mentioned c¢cl2xs on 21l four Pizgetian questions, and at age 4, 5

out of 32 children con3istently used this response strategy. 3By age 5,
only two children always chose the last mentioned class on Piagetian

Questions. Use of a recency strategy by scme three- and four-year-olds



) ‘ 97

results in a'perfqrmance runctioa which is closer to 50% than would
otherwise be'tgergase, since the superordinate classlwas mentioned last
in half the questions. V?he fact t;at 28% of the three-year-olds used a-’
recency_sﬁrategy on Piaget's questions explains why no difference wﬁs
found at this age between ihe two question forms: ‘performanceruas
close to 56: oﬁ both Siegel's and Piaget's questions. B

. Since performance was between 49 and 59% correct on Siegel's
question for ages 3 thr&ugh 10, one might expect use of the recenc}
‘strategy for this question as well.- Hquever, this was not the case.
Only one three-year-old and oneé four-year-old con;istently chose the

last-mentioned class on all four Siegel questions, and this would be

expected by chance. -

o There have 5een previous reports of recency response stravtegy
for voung children oh iogical tasks.- On a conservation task, Siegel
and Goldstein (1969) found that children two-and-a-half to three—aﬁa-a-
half chose the last alternative about 90% of the time, and this usé of

strategy steadily declined until it reached chance levels around four-

and-a-half. On class inclusion tasks, Kalil, Youssef, and Lerner

—~

1974) found use of last-mention strategy with somewhat older children.

Five- and six-year-olds gave the correct answer 619 of the time when

the superordinate was the last class given in the question, and only

33% of the time when the superordinate was the first class given

age 12, children gave more right answers Lo the Pilagetian

than to Siegel's questions, although this difference was not

significant. In post-test interviews soze of the older S8 indicated
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that they did not choose the supenordinate.class‘on Siegel's question

because they did not want to act greedy, despite the instructions®

designed to avoid 'this contingency. Judging from Ss' behaviour during

the experimental sessions it appears that this "modesty" effect began

apout age 8. Thus with older children, Siegel's question aid not
reliably. measure inclusion logic because of.social psychological
effects which have no relationship to logical ability.

~

The preceding discussion has been about strategies chidren used

‘which were not related to inclusion logie. On the Piagetian question

young children showed some tendeney to compare the subclasses to each
other, "whick always leads to the wrong answer, and still younger

children sometimes used the strategy of naming the last alternative

offered, which leads to correct answers half the time and wrong answers

- L
half the time. On Siegel's question, scme older children refrained
from giving the right answer, naming the superordinate class, because

they didn't want to seem greedy.

There is another noninclusion strategy pessible which™ would be

represented by correct verbal response on Siegel's gquestion. It could.

be argugd that performancé with less preferred subsets in Siegel's
question was artifieially inflated in the sense that scme children were
not legically choosing the superordinate class, but were in effect
choosing "not the subset offered™. That is, coffered & and 3, where A
is the least preferred subset and B is 21l the itezms, the children
thought ™not A" and said "B". If children are using this other-subset

strategy, it should be evident on the behavioural zeasure: after

saying B, the children should take the other subset, A', if A' is what
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they really were choosing, In other words, correct ﬁerbal responae'

followed by the erronecus- behavioural re ponse of taking the smaller

-

subclass is evidence of the other-subse€t st

-

ategy.
Figure 6 shows verbat“ﬁn#lpehario' - responses ﬁo Siégel's
inclusion question in the A}l and Sﬁand;rd gondit{ons.’ The heavy line
at the top of the graphs shows percentage of correct,vebbar;responge,
and underneath that line are segments showing the behavioural response
which accompanied correct verbai responSe. _In the Ail condition‘ét age
'&,_é szall percentage of the résbénse demonstrated the other-subset
pattern, B verbal response and A'. behavioural rresponse. But at the
other éges; no child in the All condition_sa}e the correct verbal
response and then toog)the smallér-and more preferred §gbclass. Thus

.

the other subset strategy is not responsible feor correct verbal

. : =
response to Siegel's question in the All condition.

However, the argument that same. correct verbal response is
based on preference for the smaller subclass appeﬁrs to have merit for
Siegel's questions in the Standard condition. 1In this cése, following
’correct verbaf”response many of the three-year-olds and most of the
four-vear-olds took not the superordinate cla;s they had named but
rather tRe smaller subelass. The behavioural measure was taken for
only 5 of the 16 five-year-olds in the Standard condition, but for

those children a2 correct verbal response was always followed by taking

the smaller subeclass. Many of the chidren aged § through 12 did the

v

saze thing. Consistent with the reasoning about other-subset strateggixt//”’

the response pattern of correct verhal response followed by taking only
the smaller subclass was most iikely to occur when the less preferr

/
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sub:;et was used in the inclusion question: acroas ases, 751 of the"
' cases of this response pattern ‘were’ with the leas prererred subset
Thus, on Siegel's queationa in the Standard condition, many of the
clnldren were using a strategy of verbally choos:.ng the superordinate
class in order to get the items they .wanted the mos't in the "’ smaller
- subelass. ,h | ‘ ) | - -

To.sum up the .consideration of various strategies used on the
inclusion task.-:;, response to the inclusion quéstion is affected by many
factors in;:ludins comparison of subclasses, order of mention,‘modesty,'
and choic_e of the other, more preferred, sﬁbclass. Two of the non-
inecluysion strategies lead to correct verbal response: the recency

} strategy used by a few children onm the Piagetian question yields

i cor'r-ect answers half the time, and t.he othen—subclass strategy, when

a used on Siegel's questi'on, zlways resulted in correct answers. To
ctompare the results for the Siegel and Piaget question forms, it seems
reasonable to reanalyse the data considering only those correct
responses that are not based on éit".her ‘of .these tu‘o._'non-inclusidﬁ
strategies. - |

Heanalvyis of Correqt Response on Siegel's and Piaget's Questions

Table 5 shows the correct verbal responses left after

elimingting responses based on non-inclusion strategies. On Siegel's
.questionr every correct verbal response followed by taking only the
-s:naller subeclass was omitted, and correct verbal responses for Piaget's
Queation were cmitted for each child who responded with the last
r:e_.....o:ed class in all four Piagetian qu;’:s'tions. These amended results

. ~ i ~ .
are tabulated only for three- and four-year-olds because the
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‘ .

. Correct Responses for Three-and Féur—yearholds, Eliiniﬁatihg Responses
ponses on Siegel and Order-of-Last- .

: Age 3 ¢ xz

* - Al |Stam. < B 2
Sieger - 42 7 49 Siegel/Piaget (Q) | 1.14 .05 .
Piaget 22| 17 | 39 - All/Standard (&) 118.18 < .001
. O x A 10.23 -01

64 | 24 | 88 “Total 29.55 _
Age 4 -

_ All |stan. - il B
Siegel 47| &4 | 51 Q .52 .05
Pilaget 21 ] 23 | 44 A 17.69 < .00t

+  QxA 21.32 .001
68 | 27 | 95 Total 39.53
Note: Maximum possible cell frequency is 64.

Order-of-last-mention responses did not occur with Siegel's:

question.

question in this study.

The behavioural measure was not taken for Piggef's
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behavioural data are not availablé for all of thé older children. This -
is no problen with regard to the recency strategy, because that

strategy was not uaed after age 4. FHowever, it should be ndted that *

the other-subaet stratesy in the Standard fbrm of Siegel's question

persista through age 12. On Siegel*s question uben the behavioural

measure was taken, all of the correct verbal responses for five-year-

clds were followed by inconsistgnt behavioural fesponQp;'and this was -

also true for 39% of the eight-year-olds' correct responses, 34§ of the

-

-ten-yéab-olds' Torrect responses an&lzsi of the twelve—&éar-olds

correct responses.

{
Chi—square partitioned was calculated for the three- and four-

year;dld responses in Table 5. Conszstent with the earlier analysls,

the children gave more correct inclusion answers in the All than in the

Standard ceondition, a'r::d for the three-year-olds there was no difference
between Piaget's and Siegel's question. Not consistent ‘with the
earlier analys;s is the fact that uben the non-inclusion responses are
eliminated there is no overall difference between Siegel's and Piaget's

question for the four-year-olds. Furthermore, for both three- and
four-year—oldé,.there is an interaction between Siegel-Piaget and All-
Standard because the children in the All condition did .better with

Siegel's questions, but in the Standand condition there were fewer

- ecorrect responses Lo Siegel's questio=ms.,

In conclusiorn, these findings replicate the report of Siegel,
McCabe, Brand and Matthews (1977) that four-vear-olds give more correct
verbal response to Siegel's inclusicn question than they do to the

Piagetian question, and the behaviocural data indicate that im the All
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condition the better performance on Siegel's question was based on
increased denonstration of inclusion logic. In the Standard condition
hovnver, the chi,‘Ldren often named the superordinate class on Siegel'
question: bgcausg they were ghoosing the smaller subclass uith‘more

preferred items, not becahse'they were using inclusion logic to choose

all of the items. Wher this kind of response in the Standard condition

i

is eliminated from the data, the children did not perform bétter on
Siegel's question than on Piaget's. It should be pointed out that

there were various differences between Experiment 1 and the work of

Siegel et al., 1nclud1ns a greater variety of materizls and.

presentatmn of =z sreat.er' number of questions to the children in
E:periment; 1, and a.cbanse in the wording of the question from "“do you
want Lo eat..." to "do you want to have..."
!:ana:jggn of the g” and Q;andacﬂ EQrms

Cne of the strongest effects found in this study was that
childr;en below the age of 10 were more likely to give. corf'ect answers
to the inclusion quest.ion when the word ™all" was used in the gquestion.
To understand this effect, the behavioural response data for the Al
and Standard conditions were compared. It should be remembered that in
this experiment the- behavioural data are only av -ilable for Siegel's
guestion, and the behavioural informaticn is incomplete for certain
ages.

Cz Siegel's guestion, there was éov only a high percentage of
corTect verbal response in the All condition, but the conditional
probadbility o:‘rccrrect bekhavioural -espo 13e given correct verbal

v

response was also high (Figure 6).. After age 4 there were no errors:
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if the Eﬁildren zade thé.correct verbal choice, they put the right
items -in. the cup. . ' . |

'_Iﬁ"' the Standa.rd condition, Siegel's question, children made
behaviocural errors 'following éorrect‘ verbal r‘espﬁnse thr'ough'age 12.
From~the age of 1, all the errers @de consisted of putt.ing the A'
subclass in the cup, and, when the behavioural measure was available,
five-year-olds di'd_ this in every case of correct verbal response. Overh
25% of the twelve-year-olds put only the A' items in the cup after
naming _the supérordinate class.

-In order to test the di_rfereﬁces in behavioural r-espox;se fo_r'
the A1l and Standard conditions post hoc tests we;-e done. The correct
verbal response to Siegel's question were partitioned int;o the
accompanying ‘behavioural response, censistent or not éonsistent -wWith
the choice expr'essed- (Table 6). Simple chi-square with the Yates
correction was calculated for each age group except the five-vear-olds,
where the small number of cases required use of the Fisher E.‘xar.;t test.
No behavioural response data were available for the six-year-clds. At
every age tested, children who made the co.rr'ect choice” were in fact
more likely to take ‘all the items in the All condition than in the
tandard condition.

A similar post hoc analvs=is was doze of behavioural response

\
when children made the wrong verdal response, that is when they chose
the  larger subclass (Table 7). At ages § through 12,7 when children
chose the larger =udclass they alwavys took that subeclass, 30 verbal a=nd

behavioural error response was 100% consistent at these ages fcor both

conditions. At & and 5, there was no difference beiween the two
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Table 6

All and'Standard_Conditionss‘: Analysis of Behavioural Response on
Siegel's Question When Correct Verbal Response Was Made

-
* Age 3 " Age 4 Age 5
Inconsistent All Stam. All Stan. All Stan.
Behavioural 3 16 19 3 | 15.] 18 o0l s 5
Response (A) - \ - |
Consistent: ' o .
Behavioural 42 7 49 47 4 51 . 17 0 17
Respouse (B) - '
45 23 68 50 19 69 17 I 5 |22
. -
K‘;'_ = 26..87 '34.31 Fisher exact
p < .001 < .001 < .0005,
Age 8 _ Age 10 Age 12
Inconsistent All Stan. All Stan. All Stan.
Behavioural ] 0 7 7 Q 10 10, 0 12 12
Response (A) : - .
Consistent .
Behavioural 25 18 36 45 21 66 40 | 33 73
Response (B)
: 25 18 43 . 45 31 76 40 45 | 85
!
X7 = 6.76 14.01 10.32
p < .01 < _.001 < 01
: -

Note: Behavioural respomse data arenet available for six-vear-olds.
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All and Standard Conditions: Analysis of Behavioural Response on.
Siegel's Question When Wrong Verbal Response Was Made. 3

Consistent
Behavioural
Response (A)

Inconsis teﬁt
Behavioural
Response (B)

LS

Consistent -
Behavioural -’

Response (A)

Inconsistent
Behavio_ural
Response (B)

Age 4

aS:at:ist::l.r:;a.‘l. tests not appropriate.

‘Age 3 Age 5 -
All Stan. _ All Stan.- A1l Stan.
8 32 | 40 13 43 56 7 |15 22
11 9 20 1 2 3 - 1- 0 1
19 41 60 14 | .45 59 -, 8 15 | 23
x% - 6.02 .09 “Fisher exact
p <.02 > .05 > .05 o
Age §° Age 102 Age 122
All Stan. All Srtan. All Stan..
11 14 25 19 33 52 24 19 43
0 0 0 0 0 0 0 0 0
11 14 25 19 33 52 24 | 19 -] 43
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conditions in behavioural response following wrong verbal reaponse and
there were only three instances where the superordinate class was
taken. At age 3 houever cbildrep in the Al condition were more
likely ~“to take the superordinétg class following incorrect verbal

‘response than were the children in the Standard condition. ' Thus, when

"all"™ was, used in the inclusioh question 'the three-year-olds were

likely to take all the 1tems in front of them even when they did not“

give the right answer to the question.

This finding with the - three4year—olds raises the question of
- exactly what children in the A1l condition were d01ng at different
ages. th does the use of ™all"™ lead to more correct verbal response

to the inclusion question? Is this effect based on increased

demonstration of inclusion logie, or, at some ages, is the

-

effectiveness of "all®" based on non-inclusion strategies? This

question is addressed in detail in the next chapter.

&

ot

iy AR A



- 3 5 " n
Below the ége of 10, children are more "likely to give correct
answers when "all® is used in the inclusion question than in ‘the
_standard form of the question which does not” contain the ﬁord'"éll“,
and the results of Experiment 1 in@icate that this is a strong effect.
Way is inclusion performance.better with the All form? TIs it that
children beﬁter understand the logical:request made, and sc are able to
demonstrate _whatever- ineclusion com;etence is available? The
behavioural data from Experimen£A1 supported this interpfetation-"éy
. ’
taking all the items, the children Showed more understandiné_of'théir
';szggg answers in the. A1l condition than in the Standard condition
“hich did not have the word "all". _ :

_ However, the'behavioural data analysis with regard to ingoprrect
answers indicated that fof one age group, the fhree-year-olds,
something othqr thén a clear-cut demonstration of inclusion- logic was
ocecurring. .Ié'the All condition a; compared to the Standard cond;&ion,
the three—yeaf-olds were more likely to give the right answer by namiﬁg'
the superordinate class, but they were also more likely to take the.
superordinate class following the wrong answer of naming the la&ser
subelass. This inconsistency between correct behavioural responses and
incorrect verbal responses is a sign of .scme confusion on the part,of
these young cgildrep. The inconsistencf suggests that even when the

-

three-year-olds did not answer correctly, there was something about the

! “
FER IS
-~
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word "all" in the quéstion which predisposed thenm to take all the
items. The question 15 what loglcal basis and wbat strategles account
for these results? . - - : |

. There are three plau31ble pOSSlbllltleS concern:ng the effects
observed Hlth the All form of the 1nclu51on questlon-
1. The question with "all" conforms Lo natural language use

*

and makes clear that the inclusive comparison is'requested; Because

the children understand the question, they are able to demonstrate ..

inclusion logic when that logic is available.

2. The word "all" is associ&ted with words like "more™, "big",
"auch®, that is, it is associated with the concept of masnltude.
Because of the connotation of "all“, children choose the ¢lass modified
by “all" regardlesg of which class is modified.

3. éhildren interprét_"all" to refer to "all the ifems“, which
they know is the greatest-quantity possible, and so they chocse all of

A -
the items without comparing subclass and superordinate class. Because

-

of their interpretation, children may sometimes choose all the items
even when "all"™ modifies one of the subelasses.

Only the first possibility,.*ﬁc"eased question clarity,

involves inclusion logiec. If children are using én association

strategy ' (2) or an all-the-itenms strategy (3), they are producing right

answers to the question without making an inclusive cozparison. It is

possible, of course, that the basis for icpreved verbazl response with
‘ .

the All question is different at different ages.
To find out more about the effect of "all"™ in the inelusion
3 : : ~>
question, childrea were asked =z varie;y of questions in which "all" was

A=
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used in different uays}1 Two of theselquestions were the same as the

All and the Standard questions in Experiment 1, in which the children

were asked to compare "A and all the B" and A and B," respectively.

Another inclusion form was the unble All question in which_ "all"

modlfled both the larger subclass and the superordinate class, so the
comparlson was for "all the. A and all the B." The fourth comparatlve
questzon uas.not an 1ncluszon questlon but rather asked for comparison
of the two subclasses w1th “all“ modifying the smaller subelass, so the
’orm of this All Subclass question was "h and 211 the Ar.
These comparative questions were administered between subjects,
'resultins in four experiﬁenéal subject groups. The children in the

first three groups, who received inclusicn questions (All, tandard,

Double All), were alsc asked a Standard Subelass question comparlng A

and A'" in order $o provide centrol data for the All Subclass question.-

The three possible explahations for the effect of Mall" in the
inclusion gquestion lead to diffsrent predicticns zbout resulis on the
comparative questions. For example, if childrsn are using <the
asfgciation strategy then they should be sqrg likel} to choose the
smaller subclass A' in the All_SLbcsass questsou, “A‘an all the A',"

than in the Standard Subclass question, ™A and A'." The smaller

ty

(20

-

sudclass A' will be chesen because it is modified by "ali."™  But

children are using an all=the-items strategy, then they should be rfore

-

This study was part of a largfr study in which the children were first

-

given an unrelated set of inclusien guestions, then two seriation
tasks, and finally the cczparative questions described here. It is

possible that performance was affected by the earlier tasks, bul
presumably any such effect wo=d have Deen the same for all the
cozparative quesy-o 1S studled.
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likely to choose the superordinate class B oﬁz the All (gubclass
‘question, even thougb B is not given as an option in the question. On
thé All and. Douﬁie All inclusicn questions, all-the-items Strategy
migﬁf result in takiné the superordinate class following an incorrect
verbal response of naming the larger subelass. In addition, all—thé;
items strategy should alsc lead to equivalent performance for the
Double All and-ill conditions: the childreg should do just as well
with "all the A and all the B" as with ™A and all the B," sinqe;any use
of "all" would lead to referencing all of the items. . .
Method | . - |

The materials and procedure in Experiment 2 were the same as in
Experiment 1, with the exceptions noted here.

Ss in the study were sixteen boys and sixteen girls from each

of four age levels, 4, 5, 6 and §. Tha khildren were student

|5

ilton)

Mark's Co-op Nursery, Dﬁndas, and St. JoSeph's School, "&:

Ontario. There were not syfficient numbers of three-yvear-olds

available to ineclude this age group in the study. _ss were assigned to
four experimental conditions defined by the type of comparative

question asked:

Conéition Comparison

Standard A (lérser subelass), B (supercrdinate class)
ALL A, all B

"Double Al 2ll 4, 211 3

All\s:bclass A (larger subclass), all A' (szaller subclass)

J | a

.

4 HEAPAF mira gl b

ey
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-+ Each § was given four stimulus sets, and thus four comparative
‘quésﬁions. As in Experiment 1, half of the Ss rgceivéd their more
preferred 3ub$et for the  larger aubelass in the que;tiéns;_and half
reqeived their less p#ererred subset. . Every 3 received two Piagetian
and two of Siegel's questions. Subset preference and Quesﬁioq ﬁbrm
(Sieéel and Piaset) were varied- in Experiment 2 for purposes of
lmethodological control, not as a matter of experimental inVeStigation.
Subset ratios were varied in the four_questio;s asked'each,s to provide
variety. There were two combinations of set size and content, and
order of question form.

Preliminary questions were the same as in Experiment 1. In the
three inclusicn question conditions (Standard, All, Double Ali), after
s were asked how :nany. items were in each e¢lass and whether - the
subclasses were part of the supercrdinate, they were asked the Standard
Subelass qﬁestioa: "Are there more A or more A'?" ;olléwing the
preliminaries, all Ss were asiked the comparative question determiqed by
their experiﬁenéal condition. The behavioural measure was taken after
verbal respense for both the Piagetian and Siegel's questions: the
children were told, “"Put those in vour cup® (Siegel), or "Put those in
oy éup“ (Pizget). - .

Resylts and Discpssion

*.
5

As inted ocut in the introduction to this study, if children

are using an association sirategy, choosing the class modified by TallT

. 9 ., . . ’
regardless of which class is zodified, then there should be more

-

.

erroneous choice of A' in the A1l Subelass question "A and 2@ A'" than

in the Standard Subclass comparison "A and AR, This was not the case
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at age 4, when Js made more errors (185)7 with the Standard Subélass

question than with the All Subclass question (9%, error). The older

children made virtually no errors on either subclass question. Simple

chi-square '-'i.th" the Yates correction was calculated for correct and

_ error .verbal response to the two subclass questions, and there was no

. significant difference in response for the two questions at any of the

four age levéls. Thus, these data do not indicate that children 4
through 8 use an association strategy when "all" is used to modify the

smaller subelass in the subclass comparison question. - Since

" performance was very high on the subclass questions, demomstration of

an associatiorx_ strategy was unlikely.

If children are taking "all". to mean "all thé items"™ then on
the All Subciass question 3Is might sometimes say the name of the
superordinate class, or they might put that c.:l.ass fn the cup, ‘even
though the superordinate is not named in the ine usi.ori questior.
However, on this gquestion there was nc 2 in a y' sr‘oi;p who namea the
supercordinate c_lass, and no B,, named the ‘smalle ‘subclass modified by
"all" and then placed the superordinate elass in he cup.

Another ﬁossible coasequence of an all—the—items.strategy i,s
that on the inclusion questions which include the word "all", All and
Double ALl, Ss might show scme tendeney to put the superordinate in the
cup even when they made the wrong vg:‘bal response of naming tt;e larger
subelass. In Experiment 1’, a significant portion of the responses of
the three-year-olds in the A1l condition :‘c.nllowed this pattern. In
Experinent 2 there was no difference between the All and Double All

conditions with regard to behavioural responses following wrong verbal

~

B e L s e
) .
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response (Fisher exact tests, all p > .05), so these two conditions
were cambined for purposes of comparison with the Standard condition

(Table 8). The four-, five-, and six—yean-olds did make proportion—

,ately more inconsistent behavioural responses rollowing incorrect

verbal choice in ‘the two "all" condltions than in the’ Standard

cond:.t:.on but these dirfex'ences were not s:.gnif:.cant.

Finally, if children. are doing better in the All condition |

because of all-the-items str'ategy, then perfomf._nee should Be as good

in the Double All as in the All condition. Figu;e 7 shows the -

proportion of correct verbal response in the three kinds of inclusion
questions with the behavioural responses which accompanied correct

answers. (omparing the number of quéstion sets on which both verbal

and behavioural response was cornect, -at age 4 and 5 'Ss gave more

correct response to the ALl question tHan -to t.he Double ALl question,
which indicates they were_'not’using all-the-items strategy 3 (Tnble' 3).
There was no difference between All and Double A1l perfonmance for the
Six- and eight-year-olds, so it is possible thése older children were
using an "all the items™ strategy. However, since the A#ll question
leads to more correct response than the Standard question with the
four- and five-year-olds who are not uning an all-the-items strategy
(Table 10} there is nn reason to assu::iel that the clder childten are
using this ‘strategy-
Summary

There was evidence in Experiment 1 that the three—yeér-olds
were using an all-the-items strategy to scme extent. But for children

older than 3, the resulis of Experipent 2 indicated that neither an

Bl



Comparative Questions: Analysig of Behavioural Respcnsa ﬂhen )
Wrong Verbal Response Was Made =

.
SN

~ Consistent
Behavioural
Response (A)

Inconsistent
Behavioural
Response (B)

- Consistent
Behavioural
Response (A)

Inconsistent
Behavioural
Response (B)

Table 8

Age 4
Double ALl
Stan. and All
14 2% 37
L 8 9
15 | 31 4“6
2
kl 1.29 .
p > .05
Age 6
Double A1l .-
Stan. and All .
L
19 19 38
0 3 3
19 22 41
2 .
kl 1.15
P > .05

. Age 5~
Double All
- Stan. . and All
19 28 | 47
3 8 | 1
22 . 36 58
.22
> .05
Aée 8
- Double All
Stan. and All
14 15 29
2 0o 2
16 15 |31

Fisher Exact test

> .05
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CENTAGE OF RESPONSE

100

. . /Analysis of Behavioural Rl_.-.spcnse N s -

7 % “ro-Glven Corvect Verbal Respomset-.- —- - .o T -

' AandAUB

A and B

AGE

* The top line shows the percentage of correct verbal respomse,
"B," and the accompanying behavioural response is shown by the
shaded and unshaded areas imder the top line..

Figure 7
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- o .  Table 9 \\ > ' . .
R - i - ‘ - . .' . .‘.\ ) ‘ .

Comparative Questions: Correct on Both Verbal and Behavioural

Responses to the Double All and All Questioms.

. 6 §
Double All 6 -1 15 22
all | s 11 22 25
Total 22 12 37 .47
‘ . el ol
., Binomial Test XI.— 1.32 XI = .19
P =.026  =.003 * > .05 > .05
L 2
Note: Maximum possible correct responses is 32 for each age'

— comparitive question group.

]
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- T Table 10 K

Compa'rat:ive Questions:’ Comc: on Both Verbal and Behavioural
Responses’ to the Standn'd and All Questions

Age i}
4 5 6 8
Standsard 7 11 14
ALl 16 11 22 25
Total 123 12, 33 © 39
| ' 2 2
Binomial Test .\:l = 3.67 Xl = 3.10
p = .047 = .003 >.05 - > .05

Note: Maximum possible correct responses is 32 for. each age
—- comparative question group. ¢

-



120.

association strategy nor an all-the-items strategy accounts for the

facilitative effect of ™all™ in the inclusion question.

This'experiment had ‘certain limitations. There were only eight’

Ss .in each comparative question conditioh, and it is ﬁnfortunate that

<three-year-olds were not available for study since Experiment 1‘results
indicated that age group may be using a non=inclusjon strategy. 1In
future work with coaparative questiohs, it would be a good idéa to
;nclude a 'separatg experimental condition for the Standard Subclass
ccaparison, A -and A', and %o obtain the behavioural data for that
cosparison.

This prelimiaafy uo;k with comparative questions, which vary
use éf the word "all®, does not indicate that the effect is a result of
"all® being associzted with the concept of magnitude, or of "alli being
interpreted as "all the items" withSut inclusive comparison. kKhile
further investigétion is appropriate, the most plaﬁsible aésumptioq at
this time is that the All form, "A and all the B," clarifies the

'ﬁeaning of the question. Children are more likely to make the correct
inclﬁsion response to thg ALl queéticn because they understand that the
inclusicn comparison is requested.



One way to vary language in the assessment of class inclusion
is to reduce the language which is used. As '‘mentioned in the
introduction, there have been mary Sstudies with low verbal ‘assessment

»

of conservation and ser;iation_, but OnJ:y one study (Braine, 19_625 has
attempted lpw verbal assessment of classificationl. Miller ( 1976).
sus-sested that perhap‘as classification is r.zot suited to reduction of |
language in assessment. However, based on the discussion in Chapter 2,
it Aappelars likely fhat much early classification function;‘mg is not.
language-bound, _noé language-define&, but ;-ather involves ‘non-
linguistic representation. Thus, assessment of classification witﬁ
redu;:ed language demand is appropriate for .young;.children, and it‘ is
worth seeking effective means to do this. |

"‘ Earlier work in low verbal assessment of logical operations
reduced the language used in pbsing the iogical demand,. or in r'esg.onse
requirements, or both. The emphasis was on making .sure chil-ii:en
understood the question, and were able to perfc‘arm the respohse <

7~ . ;
LS
required. In reducing langauge in the question, or in the requireqd

besponse, it may be important to consider eritieal aspects of'the logic
in question. In the case of classification the identification of

classes is crucial to any classification operation, dincluding class

inelusion. If, as suggestedK ‘in the introductory chapters, non-

'R
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linguistic category representation is a common and possmbly preferred
; mode of representatlon for young children then non-linguistlc class
representation in assessment is conszstent with . children's cognltive
procesaes.' One way to represent classes non-verbally is by means of

: ‘visual symbols.

*  Usually classes are designatediby wordé, which is to say they

are named. \\sometimes visual symbols 1dent1ry clasags, as in the
case of the styllzéa glgns representlng woman , man, wheelchair access,
"deer on the highway. Vlsual symbols for classes may lead to dlfferent
cogniti%g processes than those used uheg words name c;asses. Visual
symbols would be esﬁeciall} conducive to use of a matching\strategy in
which one matche§ insﬁances to the class symbol on the baSis of common
perceptual attributes. Matching may be a naturally preférrgd strategy
for young children because, as the. discussion in Cbapter 2 indicétes,
young children appear #to - rely on "fcqnic'representaﬁiod," involving
visual imagery (Bruner, 156&), and ﬁheir sorting behaviour is largely
determined by the vispal pgrceptual properties of.thé stimulus -items
(Inhelder.and Piaget, 1964/1969). |

Matching items to a class symbol is probably an effective -
strafegy for identifying ‘posiéive class instances. However, this
atrategy should work poo%lyfwith “hégative réquests" for ébmethiﬁgAthat

o LS .

is not a member of a specified class, for example, “G£$E'me something
that is not a car.f The demands of a ﬁegative request appear to
conflict uith‘the process of matching for common perceptual properties.
When words idgntify classes, on the other hand, the cogritive

-

”
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‘.

pmcéssing pz_-obably_ invqlves referencing of clans attributes,- and these ‘
attributes range from conerete, percentual attributes to. re_lativel‘y
abstrnct _a;ttgibutes .such as those baned on function or. physiénl
composition. As opposed to ma.tchi-ng for génepal ‘visual similarity,

= . nognitive processing based on attributes is more- abstract, more
. 3 flexible in the sense. tha_t it 1is léss tied to concrete properties.
.. T a Negntive ;eduestn -for something that is not a class member are probably
more difficult in general than positive reqnests for a class member;'

but given the assumptions nbout the cognitive processes assnciated with

verbal .and visuyal symbol identification of classes, it-‘ is further
assuned that negative requests are - rélativelif more difficfz_lt,ﬁith

visual symbol icientificétion.- Tnis assertion is based on 'tne iden tnat
negative requests directly conf;lict'with natchin,g_ processes, but are

less incompatible yitn processes based on abstraction of- class

attributes. -

[

If it can .be demonstrated that the per'ror'mance discrepancy

-

between positive and negative requests is greater for children when |

Visual symbols a‘e used than when words identify classes, then support

. .
Al 1

can’ .be adduced for the proposition that different processes. are

- &

kl.:‘in\iolvéd in the two cases, and that the process used with visual symbol

’ identification of classes is a perceptual matching nrocess.
Ss’ were 16. preschool cvhildren (mean age 4:1) from st. Ma"k‘s
Co-op Nursery, Durndas, 16 children in kinqer‘garten (E';:'TO) and TSQn

irst grade (6:10) at St. Joseph's Sc.hool', Hamilton, Ontario. ' From

. each age level there were equal numbers of girls and boys in the
- . . 3 .

s .‘ :
. . h
. .

LR ]



124

‘Standard condition in which words * igfntified classes, and in the
Reduced Language céndipion, with visual symbols identifying cl;Sses.

| There were six stimulus sets, half with pioctures. of concrete
object.‘;c like dolls, cars and dogs (realistié sets) and -half with

.-

abstract figures defined by shape and_;olor, such as yellow triaﬁglgé;
and red crescents (geometric séféf. For each of the six stimulus sets,
338 received tnsee positifé and three hesative requests, for a total of
36 responses per S. Examples of the questions used are:
Standard,'ﬁositive request: "Give me something that is a car."

Standard, negative request: "Give me something that is not a

car.”

-~

Reduced Language, positive request: "Give me Scmething that is

like this {ecar symbol).n

~

Reduced Language, negative request: "Give me scmething that is
| not like this (car
syzbol) . "

Thg numbef of each Kind of item set out was such that the
probability of answering correctly by chance was tné same for evry
question asked the Ss.

ts isg si

There were no differences in the number of.correct responses tﬁ
the’realistic and gecmetric sets (chi;square analysis), nor were the?e
differences in the overall pattern of results for the thrée age groups.
Coqseéuentl& all Ss were combined, and analysis concerned only Standard

and Reduced Language conditions, positive and negative requests.
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Each § received equal numbers of positive and negative

requests, and the analysis concerned the relative difficulty of these

jrequests in the two language conditions. Omitting those Ss who gave
the same numberfof_porrect answers to positive and negative requests,
the number of Ss who gave more right_answers to positiye requests was
compared to the number of Ss who gave more righ; answers to negative
requests. In the Standérd condition, 13 Ss did better with positive
requests £ﬁd 8§ did better with negétive requestég}and this is not a
significant difference, P = .192, one—téiled Binomial:Test. In thé
Reduced Language comiition the difference is ;ignificant: éO Ss gave
more right answers to positive requests and only 4 gave more right
answers to negative requests, p ‘= .001,- one-tailed Binomial Test.
Thus, the predictien concerning use of symbols to identify.classes was
shpported. £ fhe_childréﬁ did more poorly with negative requests than
positive requests when visual symbols were used,. but the difficuléy
with negative regquests was noit significant when words identified the
classes.

This was an exploratory study; one important limitation, in
rbtrospect, is that familiarity of the stimulus materials, or classes,
gas not varied. I expect ‘that with very familiar materiais children
will do better with verbazl labels on. both positive and. negative
requests, but that with less familiar materials children will do better
with visual syz=bols En positive requests but not on negative requests.

In other words, with unfamiliar TWaterials the prediction is that wit

visual syzbols performance on pesitive requests will bde highenﬁ‘agg_‘

~

performance on negative requests will be lower than when verbal labels
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are used to identify classes. This would Se a stronger finding than
the one in the preseﬁt study, and would supp&rt the assertioﬂs that
visual symbols predispose to a perceptual matching stratesy, and that
wlth younger’ children that _strategy is the most effective for
identification of class members. However the finding here, that
hegative requésts are felatively moée difficult than positéve requests
in the visual s}mbol condition compared to the verbal label condition,
does support the assertions that the two modes of class identification
lead to different strategic€s, and that the stfafegyrused with visual
syubol identification is based bn perceptual matching. Given thesé'
results I decided to see whether the mode of class idéntificatiqn,
verbal or visual, affected the ¢lass inclusion performance of qhildrén.
Experigent 3

In Experiment 3, the basic language structure of the standara
Piagetian question for testing incigsion was retéined, but I identified
classes in two ways. In the Reduced Language condition visual symbolé
designated classes, and in the Standard condition words identified
classes. Figure 8 shows a sample stimulus set in the spatial
arrangement used in the study. in tng tandard condition only the
seall items comprising -the question set were laid out. Childre; in

this condition were asked the standard

8¢

iagetian inclusion question:

TAre there more blue things or more triangles?” In the Reduced

1
Language condition, syzbol cards were used in addition to the stimulus
items. The inclusion question in this condition was "Are there more
like this (blue symbol) or more like this {triangle 'symbol)?"

Materials and procedure wereé identical for the two experimental

' )
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Stimulus Materials

Triangle Symbol

Blue Triangles

Flgure 8

aBlue Symbol
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conditions except thaﬁ symbol cards were used in place of vérbal,labelé
in thé redeced language variant of the Piagetian queation.l

| Tge case has already been made that‘the,Piagetian inclusion
qﬁestion.may be.har& for children to understand. Evidence ﬁas been
~cited (Brooks, 1976; Rosch & Mervis, 197?) that non-linguistic
representation is an important part of cognitivé functioning, and non-

linguistic representation is probably the predominant system in young

children (Bruner, 1964). The preceding N¥gative Instances study

indicates that children use different cognitive processes when c¢lasses
are identified verbally and non-verbally. Perhaps hon-verﬁhl
identification of classes in the inclusion question wilf_decrease the

~

difficulty of that question for children, allowing demonstration of
whatever inclusion logic_is &vailable. - | .;” i
Of course, any one attempt to reduce language in the inelusion
question wmay not be successful in the sense of working well for
children. If’children perform pocrly with a reduced language form, or
if there is no difference between a standard and a reduced language
form, it may be that it "is not appropriate to reduce language in
classification assessment, or it may be that the appreoach tried is not
2 particularly useful appreoach, and we will not'usually be able te
distinguish between these twc possibilities. But, if children do
bettér on a reduced language inclusion question than on a standard form
of the question, thén it is clear that the reduced language form doeé
improve children's understanding of the request put to them. Qur job
in this case ié t try to understand the specific effects of the two

question forms. : -

.
PRI RIRyisor VRSP s e
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Method

The 128 Ss in this study were from four grade levels:
preschéol (average age h:?), kinderégrtén (5:75, first grade (6:7), and
third grade (8:7). The preschoolers attended St. Mark's Co-op Nursery,
and the older children ;efe students aﬁ St. Columba's and St. Cecelia's
schools,_Hamilton, Ontarie. At each age level there were_e;ght girls
and eiéht boys in the Standard bdnditiop, and eight giris aé;\eight
boys in the Réduced ﬁénsuase condition. Ss were assigned'to condition
with the randeom block a$s;gnment procedure described iﬁlExpe:iment 1,
keeping age equivaféng in the two conditions.

Materials
7atérialsl used were figg;és with the. suberdinate and

superordinate classes defined alternately by Shape-andécolor. The six

stinmulus sets consisted of green and yellow ciréles, green squares and

circles; vellow and blue squares, red triangles and squares, blue and
red triaggles, and blue cirecles and téiangles. Numerical compoéition
of subclasses was 4-3, 3-1, 3-2# 4-2, 3-2, and 5-2, resulting in subset
£1.3, 3.0, 1.5, 2.0, 1.5, 2.5.

Symbol cards for shape were a white triaﬁéie, circle, and
square, outlined in black, and syméol .cards for ceolor were green,
vellow, blue, and red rectangles. _. The seven symbol cards were
prejudged equivalent‘in perceived "sice", énd the symbols were largef
than the question set items. A sample stimulus set with symbol cards

is shown in Figure 8.
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~ Procedure

| Stimulus items were set out in a row, one ‘subclass on the left
: aﬁd' one subclass. on ﬁhe right, with a .space in befueen. " The
~ preliminary procedﬁre was the same :;ns‘in Experi;uent 1.. Classes were
idgntitied, Ss were asked how many items were in each subelass and the
superordinate class, and then they were asked whether each of - the
subeclasses was part of tﬁe superordinate class. ‘Throughout the task
eifhe; verbal labels or vi;ual symbols were used depending on each S's
experimeﬁtai‘condéfion.

In the Standard condition, clésses were identified by pointing
to the itgms specified and Sa§in5;A "These are tria&éies,;these are
circ&es, these arerblu? things."®™ In the Reduced Languasé condition,
symbol cards for the subclasses were placed direct ¥y above the
appropriate subclass items, and the symbol card for the s\perordinate
élass was placed to the right of all the stihulus item The E said,
"These are the ones like this (triangle symbol), these are the ones
like this (eircle symbol), and these are the ones like this (blue
symbol}." 1In bothrlanguage conditions, the E touched the appropriat
items slowly and delibérately ﬁhilg making the- identificatio

~

statements. .~

For each}of the six stimulus sets three comparétive questions!

were asked. In &ffixiubclass questi&n, Ss were asked t; compare the
.subclaSSes to each other (SQ: A r A'?); in the smaller subclass
question, they were asQZd te compare the smaller subclass to the
supqpordinaﬁe (SSQ: A' r B?); and in the inclusion question, they were

asked to compare the larger subclass to the superordirate (IQ: A r B?).
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For the stimalus set’ shoun m Figure 8, "the - Standard condition
% were: - . |
. . SQ: "Are there .more' circles or more triangles?®,

S8Q: "Are th'efé more blue things or more circle's?“,‘

IQ:‘ "Are there more triangles or more blue things?®

‘The same questions were asked Hlth visual symbol - 1dent1fication in the

-

Reduced Language condition.
" Across stimulus sets the order of the three questions, SQ, SSQ,

and IQ, was varied, and the left-right placement of the larger subclass

was also varied. The crder of the \%asses within each question was

«

alternated between stiinulus sets. The procedure séhedule was such that
these three irariables, order o_r question type, physical placement, and
6rder of classés in the question, did not covary.

To sum up the_ procedure, ﬁs.were' assigned to either the
Standard condition or the Reduced Language condition, and throughout
the seszion classes were referr-ed to either verbally or by lvisgal
symbol, depending on the céndition. The classes were identified by the
E, and then ﬁs were asked the number of items in each class, and were
asked whether the subclasses were’ part of the- superordinate ciass.
Followmg these prel:\.m.nar:.es, three comparatz.ve questlons were asked,
the inclusion questiom, the szaller subclass question and a question
comparing the sgpclasses tb'each cf.bIer.

.r < | _

The correct inclusion respohses at each age level are shown in
Table 11 partitioned by sex, lanfguage condit‘ién, and larée subset ratic

- A
(2.0, 2.5, 3.0) by small subset ratio (1.3, 1.5, 157" Contingency
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-table analysis with chi-_-.-;quare partitioned was calculated at each age

level (Table 12). No ‘interactions of sex, language"condition, and
subset rz;tio' occurred. Two of the main er‘rec‘:t; were significant at one
age level only: thg girls in first grade made morel corréct responses
than the boys, p < .05, (.Fiéure 9), and at age 4, there were more
correct responses 'in the Reduced Language ;:ondition thanv in the
Standard conditio.n, p < .05. Since the languas-e manipulation was th
main point of this ,Aexpériment., language condition results will be

examined in some detail.

Fisure. 10 shows the percentage of correct respense in the
Standard and Reduced Language conditions, acroés ages. By age 8,
children in both conditions were making a correct inc.lusion response
more than 90% of the time. Most of the eight-year-olds demonstrated

inclusion logic with these\ very simple, two-dimensional sets. Sixe

year-olds in both conditions gave the right answer about 50% of the

time. Five-yea;‘;olgis gave more right answers in the Reduced Language
condition, but this difference was not significant. The higher
proportion of correct response in‘ the Reduced Language condition was
significant for the four-year-olds.

The performance function for th? Standard ccnditior; is similar

to the results reported by Piaget, in that the younger  children

responded correctly less than 50% of the time; .their perfomané:e was

. ]
below the chance level. Thus, it appears that many of the younger

-

‘children in the Standard condition are camparing the subclasses to each

other. They say there are npore triangles, because there are more

triangles thar circles. In contrast to Experiment 1, none of the age
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Coxrect Response Parti

Standard (L)Reduced Language
——_ | Smallfgyjlarge | Small (R) Large TOTALS
GIRLS 8 't 9 7 10 32
Age & —(3) - v
BOYS 6 8 13 17 44
TOTALS 12 17 20 27 © 76
Standard (L) Reduced Languosge o
S Large Small (R) Large TOTALS
Age S GIRLS 4 14 i2 13 43
€ )
YS 12 7 1 12(~ .12 43
Totas | 16 | 21 24 25 ¥ 86
| ~ Standard :CL)Reduced Language ’
- mal arge | Small (RY Large TOTALS
GIRLS 17 17 - 17 66
dge & —s)
: BOYS 11 S 10 13 43 .
TOTALS 28 24 2% 30 109 é/(
.ﬁgﬁ Standard (L) Reduced Language
: SmalliR)Large | Smgll (R) Large TOTALS
GIRLS 23 j 24 23 i 22 92
Age § —(S) I .
BOYS 23 i 21 20 ! 22 86
TOTALS 46 | 45 43 1 44 178
s Note: Maximum possible &b11 frequency is 24.
™
é

tioned by Sex, Language
and Small Subset Ratios

Lo

/\-
Table 11.

133

Condition, and Large

—



Table 12

Chi-Square Partitioned for Matrices in Table 1t

13

m:u&Wmacwnm cmﬁcwm,uun given in body of table.
* v
p < .05

. . Age

4 5 6 8
Sex (S) 1.90 0 4,85% .20
rwzmcmmm. B . ’
condition - (L) 4,264 1.67 . .23 .09
Ratio (R) 1,90 42 .01 ¢
S x L 2.58 | .05 01 ¢
S xR . @ 2,98 .08 @
LxR s .19 45 .02
SXxLXR A .05 | 2,28 .08 .20

- 4//\~ - S

Total 1T 10.74 7.58 5.72 .52
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. Inclusion Performance of -Boys and Girls*

(Experiment 3) -
- —— GIRLS o
-&- BOYS

AGE

. * 16 girls and 16 boys in each ageé}roup, 6 responses per 8

Figure 9
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éompariscn of Stanﬁard and Reduéed Languagg‘Conditions*
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-
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Figure 10



137

éroups in this study relied on an order—oleast-megtion strategy. Far
éxample at age 4 only one S in each of the lénguagé conditions chose
tﬁe\last mentioned class on‘ali‘Six inéluSion gquestions. Of course,
the three-year-olds were most iikely to ;se.this strategy in Experiment
1, and this age group was not available to participate in Experiment 3.
In the Reduced Language condition-the younger children were
right.about half the time; correct response was- 48 to 569 at ages foﬁr .
through. six. It‘cpuld be that all of the childfen_in this ‘condition
are guessing, or it could be that .balf of the children are
Pystematicallx making the subelass comparison.error while the other
half are'systematicglly responding con the b;sis of inclusion logie. Or
ﬁhe basis ‘for perfopmance may .be some combination of thesg .twb
ﬁossibilities. ' |

Similérly, in the Standard condition we cannot know at this

R

point the exact basis of performance. Because correct response is less
I '

than 50% at ages 4 *and 5, it appears that these childreh are using
subclass comparison, which leads to error. But there could. be va?ying
proportions of c¢hildren using inclusion logic, comparison of

subeclasses, and guessing.

For both conditions, it wouyd be useful to have a better -idea

of how much response is based on subclass comparison, inclusion logic,

and guessing. The mathematical model discussed in the next seétion

-

provides this analysis.
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In Experiment 3 the childrén wer'e -asked the inclusion question,

comparing the 1arger subelass to- the sup_eror'd}.nate ¢class, and they were
also asked 'a_questioﬁ qo’mparing fhe smailer subclass to- the
§uperlordinate. When children. are using ihclusion lo_gic they will, of
course, give ﬁhe right answer to botﬁ kinds of.qﬁéstion When éhildrgn
&% guess they will be r':.ght half the time and wr:ong half the tme. But
when chlldren are comparing the subclasses to each other they -Hlll
consistently give opposmg answers to the two qklnds of quest:.ons- on
‘the lnclusz.on questlon (more A or more B) they wlll give the wrong
answer "A" -because A is the ‘larger- subclass, but on tl;e smaller

s_ubélass questicn (more A' or more B), because: A' is the smaller
P <'._ . .
subclass they will respond with the spoken altgrnative to A', "B," and

thJ—.S is the correct answer. It seemed to me that the consequences of
subelass comparison strategy, wrong- answers on inelusion and right
answers on the spaller subelass qQuestion, provided a key to
understanding the basis of inclusion performance. Puréuins this line
“of reasoning, I develo;}eﬁ a méthemat_.ical model wh;'_.ch estimates the

underlying components of inciusion response to inclusion questions

(Figure 11).

Daphne Mauref jolned me in d:.scuss:.ons leading to the developuent of this

model, and!Steve Link gave encouragement and consultation on the .testing
of the model... ) | _ e

X
b\
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Let A and A' be two classes, such that:
AUA'" = B, and, . "

AD>AY.

Let 88Q: ‘smaller subclass question, "Are there more A' or more B2?"

IQ: inelusion question, "Are there more A or more B?"

Let C: correct response,

E: error response.

Let IL: Tesponse - based on 1ncluszon logie,
* ~ subclass to superordlnate class

\fomparing specified

SC: response based on subclass comparison, comparing uhe two
subclasses to each other,

PN

G: response based on guessing, chance performance. .

Let . p: -probability that response is based on IL,

Q: probability that response is based oh SC,

m = (1-p-q): probability that response is based on G.

Inclusion loglc will ledd to correct response on both types of
b\

questlons, but subclass comparlson wlll lead to correct response on the

smaller subelass question and %o incorrect reSponse on the inclusion

question. It is assumed tbat gue331ns will lead to correct response

.

half the time and to error half the tlme or both types.of questlons.

Ry

IERTEY Wi

<y
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There are two mrther‘ assumptions in this model. 'I'he first is
that :anlusion logic,- subclass comparison, and guesain.g are the only

reasonable bases for response to the tuo comparatwe questions. The

.other assumption is that for any one stimulus set a child's performance

_ on the smaller subclass question and the mclusxon questlon is based on.

IR

-
the same underlyms component either  inclusion logie, or subclaas

.comparison, or guess:.ng, although the basm of performance wlll not

-

'necessanly remain the same for _the child on all six stimulus sets.

Given the assumptions of this model, the following tree diagram shows
fhe probabilities assoclated with the outcomes whicﬁ are possible for
t/ne -mclus:.on -questxon and the smaller' subclass question in one.

stimulus set .

Zoszible Outgomes for Inclusion Question and
L3 st i i St1 S

1 1Q 1 c
3 1 .5
. E -
] c
L 1Q .5 ,
E P—
1 m

With probability p the ch:.ld uses inclusion loglc, which always

~

leads to correct answers on the smaller subclass question and on the

1nclus::.onﬁ quest:.on. With probabllity m the c¢child suesses, or

performs in 2 random manner, and this leads to correct answers half the
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time and wrong answers half the time _on both' questions.  With
probaﬁility qQ tpe chlld'coﬁpares subciaasesAto'each other ﬁhic?,g;ugys.
leads to correct answers on the smallef suﬁclass question andualuéfs'
leadS'ﬁo error on” the inclusion-questiou. Suming across thé‘branches"
of the diagram, the ﬁrobabilities for correct and error response-on‘tﬁe
smaller subelass &uestion and the inclusion question are:

pr'(cSSQ) = p+ q‘+-m/2, . - -

pr(ESSQ) = m/2,

pr(cIQ) P+ m/2,

pr(BIQ)

Incorrect response on the smaller subelass question can be used
. v * .
as ‘an estimate of guessing, since error on this questiqn represents

q + m/2.

]

half of the gﬁessing-based response. Given this estimate of guessing,
performance based on inelusion legic and subelass comparison can also

be estimated:

G = EESSQ,
IL_ - CIQ - ESSQ,
SC = Eqq - Egsq.

. Ya[j§j§v of the ]ng[“sjgh Model

In order to consider tge val;dity of ghé inclusion model, the
probébilities for correct and eréor outcomes shown in the treé diagram
are expressed in métrix form: \

Inclusion Question

[a) - [b]
c pe/h . /L /2
Smaller '
Subclass {e] [d]
Question E mn/§ m/4 m/2
‘ ' - p+m/2 qtm/2 7 1



.

The marginal values in this matrix are the proportion of -

overall correct and error response on the smaller subclass question and

on the 1nclusion question and these are the values used to estlmate

'the components of performance in the incluslon model. The values in

the cells of the matrix represent the . probabilites for tbs various

Joint outcanes, ‘such as correct ‘on both questions, or correct on the

smaller subclass question "and wrong on the inclusion questlon. The
probability values in the matrix are multiplied tiges_the total number

of responses to obtain expected cef:\(requencies.

; The obtalned cell frequencies are calculated by. countlng the'

number of questlon sets which satlsry the four condltlons that 1s the

‘numbep of;sets on which Ss are rzght on both questions (cell a), right

cn the smaller subclass question and wrong on the inclusion question

(cell b), and so on. To examine the validity of the inclusion model,

the cell values predicted by‘ths model can’ be compared to the cell

values obtained. This sheck for validity is based on the discrepancy
between obtained frequencies and frequencies predicted by the model.

In the inclusion model, a basic assumption is-that an

'indiviQual child's performance on both que&tions_in a stimulus set will

be based on the ssme underlying component. An alternate sssugption_is
that there is no relationshipsbetueen a child's response on the smaller
subclass question and on the inclusion question. (Note that the
probabilites of using 1nc1uszon loglc, subelass comparlson, and
guesslns, p,.q, ‘and m, remain the same .with this assumption of no

.

relationship between response on the two questions in a stimulus set.)

With this assumption of independence, predicted celll values are

+

b}
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| cell gz (2+D)(ave)

P

products of the marginal values. For example,’

that is, the number c§rrect_on both questions,
- arbrowd 7. . o .

. vec e _—556%C%q
SsQ CIQ_ total responses’

-Empirically'oﬁtained cell values can be compared to the values

predicted by independence, just as comparison.can‘be made to the values

.pbedictéd‘by*the-inclusion model. Calculatzon of the theoretical cell
values of the 1ndependence model allows examination of the manner in '

whzch tbese values deviate from the theoretical cell values predicted‘

by ihe‘inclusion model:

cgli a |
"P+q+m=1, theréfore P+ qQ+m/2=1-m/2
"1 - m/2) (p 2/2)

;p+m/2-q:{/2-(m/z)

= p 4+ w201 - p -1-Dn- _g)
2

= pP+m/l(2-2p-14+p+ Q)

= p+n/4(1 -p+ q)
cell b )
(1 - w/2)(q + m/2) )
s qe w2 -quz - (w2)? -
= q + m/2(1 -q-_'[__:___pz;q)

S qQ+m/l(2-26-1+p+ Q)

= q+m/l(1 +p - q)_
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m/2(p+ w2) o F
m/n(ap+ 1 -p-q)
= m/‘l“ +p-q)
-cell A
mf2(q + m/2)
mﬂ%(aqa- 1 -p-q)

= /41 - p+ Q) _ _ , <

For ea'cﬁ cell, the vaiue predicted by independence differs from -
that predicted by the. inclu;ic;n model -by a factér invblving P and qQ
which is muitiplied times th;: term m/h. _'For, cells (a) and (d) the
factor is (1 - D+ q).,' and for these cells the results of; the two
models will be the same when p = q, the pr'edlctlon of the independence
model will be su:aller than that of-the J.nclusmn Dodel when p > q, and
larger when q >° p. For- cells {(b) and (c) the prediction of the
mdependence model w:.ll be larger than that of the ineclusion model when
p > Q. and. smaller when- qQ > p. In other wor-ds, at age levels where
performance is abou% equally'likely to be base_d on inclusion iégic and

-

on subelass comparison there will" be Iittle difference in the

ccmf;érison is more likely than inelusion logic, the independence model
predicts more question sets with both questionsz correct and with both
questions wrong than does the inclusion model. Later, when inclusion

logic is more likely than subeclass compa.nson, the independence model

———
-

- predictions of the two models. But at younger ages, when subclass
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i_predicts fewer instances ulth both questions correct and with both
questiOns wrong.

Given these’ con31deratlons of how the inclus;on model.and the. v
'independence model difrer, 1f a sufrlcient age range is avallable it is
possible to conszder which model is more appropriate.  If the data fit
better the'predictions of tﬁe inclusion mbdel, across ages, support is
ofrered for using that nodel to estimate the components of’ class
inclusion perfbrmance. A further consideration, of course, is how well
the data fit the mclusmn medel.
- Table 13 shows the frquencies'obtained,fthe frequenéies
predicted 5y the independence model,'and the’ frequencies predicted by
the inélusion model, for each ase;by—language condition group. The
‘ dxfferences -in predictions for the two models conformd to the
dlfferences expected. The 1ndependence pred;ctlons for cells (a) and
- (d) are larger than inclusion model_predictions at the earlier agif
when theré is more subclass comparison than inclusion logig, age 4 in
the Reduced\_Language condition and ages 4 and 5 in the Standard
éondition At subsequent ages, when. there is more inclusion logic than
subclass comparlson, the predictions of the lnqependence model are
smaller than those of the inclusion,model for cells (a)xand (d). The

differenqe between the predictions of the two models is least at -the

ages ¥hen use of inclusion logic’approximately equals use of subclags

[
- -,

comparijon, ages 4 and 5 in-the Reduced Language condition and ase_s in
the Stanjard condition. The differences found between the two nodels

" conform to those expgcted.'
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Table 13J(’ . : '

Frequency Matrices: Predicted and Obtained Values

_Form of matrices: , o
o B Inclusion Question

Frequencg values: ~ E 5
c predictéd by independence '
s malle;: obtained -
Subclass predicted by inclusion
Question
' E _ .
age Standard Condition . Reduced’ Language Condition
22.35 51.657 . 29.86 - ). 31.14
20 .54 . 74 33 28 6l
18 , 56 29.50 31.50 -
4 ' . 7 .
6.65 15.35 17.14 17.86 ‘
) { 9 13 22, W |21 35
11 11 . 17.50 17.50
29- 67 96 &7 .0 49 I 96
28.52 1 45.48° -] . ’ 36.24 | 34.76 _
26 L 48 - 74 40 31 .71
26 48 36.50 34.50
5 .
B S.QSkv\_ 13.52- 12.76 12.24%
1 TP ) 22 9 16 25 ,
T 11 11 d 12.50 12.50
\
37 s9 | e - 49 47 96
51.46 43.54 - 62,16 28.84% *
52 43 95 44 27 71
51.50 43.50 44,50 . 26.50 ‘
6 . -
.54 .46 , 14.84 10.16
- Q 1 1 13 12 25
.50 . .50 B 12.50 1 12.50
52 44 96 57 39 a6
89+ 10 4.90 . 81.56 8.44 .
90 4 94 84 & . 90
90 4 ' 84 6 :
8 s
1.90 . .10 5.44 .56
1 1 2 3 3 6
1 1 3
: <
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In the age-by-language condition ‘matrices, the frequencies

predicted by the inclusion model are closer to the obtained values than

Y

those predicced by independence in seven out of eight instances.
Because there is llttle dirference in the- predictions of the two models
“at certain ages, and because expected cell frequencies are very small
id ecme cases, the pverall goodness-of;{i; was testedﬂ across age
levels. Table 14 shows the frequehcies obtained, and thése dredicted
'~ by independence and by the lnclu31on model for all age and condition

4
sroups ccmblned Chl-square was calculated for both models. The data

2 -

do not differ szgnlflcantly from the Eredictions of the inclusiod model
1

(x 2 88 p > .05), but the data do dlfrer from the predlctlons of

lndependence (X = 15 56, p < 001)- The independence model does not

flt the data as well as the 1nclu31on model and the fit. of the

inclusion~model to the data is satiSfactory. ihus; suppcrt is offered
for the valldlty of the inclusion model and it is appropriate to use

the inclusion model to estimate the components of 1nclu51on

performance.

Estimation of Components of Performence in Exner‘ir:ient 3 "'

Hhen'language was ceduced in the Piagetian inclusion question
‘by using a.?ieual symbol to_identify the classes, two differenges in
performacce,were found. ‘hé age 6, girls gave more correct answers than
boys in doth the Standard and Reduced Ladgdage conditions, acd at'age 4

the <hildren gave nore r_ght ansuers ln the Reduced Language than in

the Standard condltlon. Slnce contingency table analyszs Hlth ¢hi-

A
square partitioned was calculated for .four age levels, one m;ght argue

that two significant findings out. of t.he~ many comparisens could' occur



s gyt

-
B S

”

DY

—_— T

Test of Fit:

-

4

~
T

Intlusion Question

Table 14

‘149

all Age and Condition Groups Combined‘

Note:

c E
368.32 261.68 "
: 389 241 630
Smaller 380 .250
Subclass
" Question - 80.68 57.32
E 60 ° 78 4 138
69 69 .
449 - | 319 - 768
Independence Model: Xf = 15.56, p < .001
Model L: X} = 2.88, p > .05

1

Form of matrix is the same as in Table 13: frequency
values predicted by the independence model are on the

top line in each cell, obtained ‘frequencies are on the
middle line, frequency values predicted by :he inclusion :
model are on the bottom line.

4
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by chance, and that these are not valid dlrferences. To consider what
these dlrferences mean, perfqrmance .Was partltloned into estimated
Lcomponents by means of the mathématical_model.

‘ - 5 .

- Girls did not give more correct answers than boys at each of

"the age levels (see Flgure 9), and so the superlorlty of female

peﬂ;ormance at age 6 was not part of a conszstent pattern The data

were partitioned by sex and language'ccndition, and the components of .

performance were estimated (Table 15, Figure 12) Because the data

were d1v1ded by .sex of subjects there were only 8 children, or 48

reSponses, ln each _group analysed A negative value was obtained for

- the estlmatlon of subclassrcomparison strategy by boys in the Reduced

Language conditioﬁ at age 4. ‘This is because this group of Ss gave
more correct answers to the inclusion questzon than to the smaller-
subclass question, an outcome which should not cceur if children are
u31ng either of the systematlc strategles, 1nclu31on log;c or subelass
comparison. The superiority of the inclusion questlon results over the
smaller ‘subclass question results is probably a chance occurrance, an
1nterpretat10n whxch is supported by the estimate that 92% of the

performance for this group is based on guess;ng.

In the Standard condition, for both boyé and girls guessing

- accounted for 35 to 559 6f1the performance at ages Y4 and 5, and less

thar 10% of the performance at 6 and 82:. Both sexes used subclass
comparison between 35 and 50% of the time at 4 and 5, and less than 5%
of the time at Vage' 8. At age 6, however, girls used subclass

comparison about 30% of the time, and boys about 60% of the time.
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Table 15

Estimated Components of Response to Inclusiom Question.fo;
: ) Boys and Girls

© Age .
4 5 . 6 8
GIRLS |
X .08 10 7 .65 .98
Standard Y a5 .35 .31 .02
z 47 .57 .04 .00
X .08 317 .20 .90
Reduced Y C38 .27 .10 .02
hemswage 5 | s34 .38 .08
- - !

BOYS :
X .06 .21 42 - .88
Standaxd Y . 47 .42. .58 04
S Y | 38 .00 ' .08
X Coas .19 A5 .79
Reduced =~ Y -.09 .19 19 04
Language . .92 .63 .67 17

Note: X: response based on inclusion lggic
Y: response based on subclass co rison
Z: response based on guessing

e J
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~-In- the Reduced Language conditioﬁ, girls used sﬁbclaes
comparison between 25 and'hoﬁ of the time at ages I end's,‘and boys
used this strategy less than 20% at the same ages. At 6 and 8, boys
. used subelass comparison slightly more than-girls but less ihan'zos of

the perfbrmance at these ages was based on subclass comparlson. There

was a larger sex dlfference in use of guessins in the Reduced Language

condition: boys used.guessing more than girlsxat‘every e level. At

6, boys gueesed about two-thirds of the time and girls aeout three-
eights of the time in the Reduced Language condition.

| It appears that in this study. the sex difference_in inelusion
performance at age 6 was because the boys used non-inclusion ;;rategies
more than girle. ‘In the Standard condition boys were ﬁore likely than
giris to comeare the subclasses. To some extent this was also true in

the Reduced Languase condition, but a 1arger effect at this &se was

that the boys were guessing more than the girls in the Reduedg Language

4
condltlon.
W

Since this is the only sex difference found in the work
reported in this thesis, and since there are no reporrts of J‘b

differences in the.inelusion literature, I suggest it is premature to

draw general conclusions. The mathematical model analysis will make it

-

possible in future research to exarpine stirategies used by boys and

glrls in the lnclu31on questlon.

Better Verbal Response -ip the_Reduced Lancuaee Condition at Age 4.

Four-year-olds gave Sisnificantly mere correct verbal response

to the Reduced Language inclusion question than tjr(:§es Standard

guestion. 'This difference in response decreaeed at age 5¢ and at 6 and
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8 there was, about the same amount of correét resbonse iﬁ- the two
language conditions (éee Figure 10). Thus the results obtamed in the
two conditions show a systemat:.c pattern -gver age a.nd the d:.ff‘er'ence

at age Y :.s consmstent w:.th the notion that younger childr-en pr-efer'

nosz-verbal representation such as that used in the Reduced Language

condition. He .might conclude that young ch:ler-en are better ablé to

_ show iﬁclusmn logic when syml_)pls are used to identify classes. But ‘we
“are forced to a very different int;erpretation by ‘the.a analysis ‘' of
estimated components'of'r.e'sponse (Figure 13, Table 16)." 'I‘flis analysis
indicates that at age 4 there was no différe:;ce _between the " two

Question-forms with r@ard to amount of performance based on inclusion

logic, nor does there appear to have been a dif_ferénce at ages 5 and 8.

children's responses were more likely to. be based on inclusion

. y .
" there was a difference in use of inclusion logic it was at 6, when
1lC 1n

the ' Standard condition. That i's not  to say that ther\ﬂéere no
di'fferences'betx':een the two language coriditionsl 'ul’ith reg;ard to _the
strategic bases of resf:ons.e. Ac:-*{:ss the ages" studied the children were
more likely to use subclass comparisoﬁ in the Standard condition and to
guéss in the Reduced Language condition, with both q.f‘ these non-
'inclusion strategies approaching Zero at age 8.

| At 4, when there was a smgnlfﬂcant difference in corre.ct

b

response, the children' were about equally likely to be guessing or
comparing the subclasses in the Standard condition. TIn the Reduced-
Language  condition the 'four-year-olds were using subelass comparison

only about 15% of the time, and they were guessing about three-quarters

of the time. These children gave fewer wrong answers to the Reduced

.

ENCEPT TR IRRCETNE LT
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Thble 16

Estimated Components of Response.to Inclusion Qnestion in
. the Two Language Conditions

Age

S R - 8.

Standard Condition
X - .07 .16 .53 . .93
Y .47 38 .45 .03

z W4T 46 .02 .04

Reduced Language Condition

x .12 .25 .33 .85
¥ L1523 15 . .03
2 .73 52 sz . a2

Note: X: response based on inclusion logic
Y: response based on subclass compariscon
A

respouse based on guessing

£

N\

o



ALanguage queation becauae they were less likely to use subclaas

»

‘comparisqf,-uhich always produces a urong ansuer and they were more . -

". likely to gueas_uh;ch results in wWrong . answers only ha;r.éhe tirme.

‘ To ‘sum up, when langqageﬂis rédﬁce& in thé'éiagetiaﬁ inclusion
question sy using visual symbols-to identif§ the clasaé; childrén are
more likely £o use a,guessing-strategy;'and they tend té usé this
strategyf;onser than with the‘Stanﬁard*Piagetian dueStioﬁi;_ In thi; )
study vi:tually no performance in the_Standérd'coﬁdition‘uas_based on
guessing from the age of 6 on, but in the Reduced,Languagé'condition

lthe six-year-olds were guessing about half of the time. On the other .

hand,, the children were more likely to use subclass comparison strategy

Hlth the standard Piasetlan questlon than with the reduced language

-form of that questlon. t.

This is consistent with the position that the linguistic form
of the Piagetian questién predisposes to disjunctive comparison, the
comparison of suhclasses. | However this effect of the Plagetlan
questlon is not caused by the tonjunction "or", which typically joins
exclusive classes. If the word "or" were responsible.fbr use of
subclass compariéon, then there would also be high use of that str;tegy
in the reduced language form tﬁng there more like thls (subclass
symbol) or more like this (superordlnate class symbol)?" That did not
occur in this experiment. Giveq these results it appears that the
naming, or verbal'label;ing, of classes in the Piagetian quéstionHleads

to misinterpretation of the question as a request for disjunctive
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' 'oompariooui' _ H'hoo visugal” syhbols identify classes _t_'.hie"- "
. misintorpretation is less likely. : _ "‘]

'rheoe :‘esults do- not support the contention made at the
beginning or the study that the Piagetian question may be more-'
difrioult for children than a question ‘in which languase is reduoed
At least in this study this was not the case if, by more difrzoult,_ we . _
mean _tha.t the questi_.on delays the demonstration of _inolusioo iogio.-
When response was oartitioned into underlying oompon.ents, the amount of
J.nclusion-based response was only tr:.vially more for four- an I‘ive—i
yoar'—olds in the Reduced Language question and s:.x—yearkolds appeared
more lz.kely to use inclusion log:.c in the Standard question than in the
Reduoed Language question.

- These rindmgs do challenge one aspect of Plagetlan theory.
'Ihe Piagetians cor'r'ectly observe tha youns ch:.ldr'en systematloally
gn‘(e wrong answers to the :.noios‘mn Question because they are comparing
the subclasses. ~ Their interpretatio f this is that when children are
not aole to make ttxe ‘simultaneous camparison of superordinate class and '
moluded subclass, the children r'esor-t to subclass compar:.son. In
other' words, Piagetians assert that comparison of subclasses results
from logical defioit. The results presented here indicate that this_is
not ‘the case,. but rather that. error:,‘;"‘ﬁased on subclass comparison is
p;::.marily an efreot of the language used in the inclusion question.
QQHQI“'RI i Qn ’ : ] y

| ‘ By usmg the mathemat:.cal analys:Ls of the :.nolus:.on model we

can see that the sex differenoes :.n inclusion performance at age 6 are

a result of different use of strategy by g:u-ls and boys. More
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‘ important, u.ae of the model prevents _erronecus interpretation of the '

language condition reaults. Four-yearsolds gave more right answers t.o" '

- the reduced 1anguage question than to the standard question because of
' different use or strateay, but the superior performance with the

:reduced la.nguage question was not . based" on greater use of inclus:.on'

log:.c .

i
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Lhapter 9
The object of thié research was to examlne the effect that the'
lingulatlc ‘form of ‘the class lnclu310n question bas on children's .
response to that questlon. This was done by comparing different
language forms of the inclus;on questlon, gnd by reducing ;anguage in
the standard Plagetlan questlon. An attempt was madé to determine the
strategles that children use at different ages with different forms of

— ——_

the inclusion questlon.

 egalt . .
The  standard Piagetian question, "Are there nore smarties or
mor'e candies?", was compared to Siegel's question in the form, "Do.you,
want to ha;e the smarties or the candié;?" Siegel, McCabe, Brand and
Matthews (1977) reported. that three-_ and four-year—oldé gave more
correct ' inclusion answers to Siegel's qugstion than to Piaget's.
Considering only verbal response, the results in Experiment 1 replicate
that "finding for.four-year-olds but not for three-year-olds. However,
this .does not mean that the four-year-olds _were demonstraiing more
inclusion logic with Siegel's question. =~ On- the stapdard form of
Siegéi's, ques;ion when .children named the superordinate class they
often took only the smaller subclass which had not been specified in
the question, and this was more'likely tc happen when the children's

less preferred subset was used fbr_thé larger subelass in the inclusion

Question. For example, offered smarties or candies, the children said

&

po:
193]
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candies and then put in their cup‘oniy the candies they liked best, the
. ’ .

Jelly beans. In other words, perfomance on the standard form of

- Siegel's quest:.on was affected by use of non—mclus:.on strategies, and

' the higher level of correct response was artifactual, not - matter of

:anlus:.on logzc On the other hand, some of the error response on

‘Slegel's questn.on may be artlfactual as well, Some ot: the ch:.ldren_

might have chosen the larger sudbclass because those were the items that

they wanted, not because they were 1ncapable of making the inclusion

comparlson.' ' L N

In con'trast to these results . with .the' sté.ndard inelusion

e

quest'ions, when the word "all" was Wged in Experiment 1 questions the

".children.did demonstrate mere inclusion logic ﬁith Siegel's question

than with Piaget's. With the A1l form, when the three- and four-year= -

" olds gave the com:ect answer to Siegel's question- they usually made the

consistent behav10ural response, putting the superordinate class in the
cup; and the behaviouraf.gésponse was always consistend with correct
verbal response after age 4. With the All form of Siegel's quesdion,
when the children gave correct verbal answers they meant those answers,
Fa
and so-the superlorlty ‘of verbal response on Slegel's task in the ALl
condltlon appears to be based on increased demonstration of inclusion
logic. Howevgr, the results obtained in Experiment 2 are not
couéistent.with:this Tinding, because in this stqdy children did pot do
better on Siegel's duéStidn, whether “al;" was used in the quesﬁion or
not. This difference in results may have been caused bj procedural

diffeﬁences in the two studies. Experiment 2 was not designed %o

compare Piaget's and Siegel's questions, and éo eack child was asked
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on;y two of each of these quesﬁions ' and' the inclusion- task was

preceded by two other logical tasks- In Experiment 1. there were nc

- other logical tasks and each chlld was asked more questlons _so these

results are more likely to be rel:.able than those of Eb:periment 2.
Furthermore, the behavzoural measure was not taken for. the Plasetlan

questlons in E:per;ment 1 but it was used in Experlment 2 and this

) change in procedure may have 1ncreased the percentage of  correct

response by making the motivational character of the Piagetian question
more like that of Siegel's questlon. Puttlng the chosen items in the
experimenter's cup may have increased the children's,interest in the
Question. This possibiliﬁy is supborted by the obaer§ation that at

every age level children gave more correct answers to the standard form

of- .Plaget's questaon in Experlment 2, in which the behavxoural measure

was taken, than they did in Experiment 1, which did not inelude the

behavioural measure (see Figure 14).

. - th
The discrepancy between Siegel's finding and mine with regard

to three-year-olds may be partly accounted for by the fact that many of

the three-year-olds in Experiment 1 used 2 recency strategy on Piaget's
question. This strategy raised their performance close to 50%, ao that
there was less dlfference between performance on Saegel's and Piaget's

questions than would be the case if the children had been using recency
strategy less and subclass comparison more on the Piagetian question.
In addition there were various‘differences in the two studies which may

have affected the results obtaired with a1} age groups. For example

che question form used in my research was, "Do you want to have...",

whlle Siegel et al. used "Do you want to eat... . and the two studles
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also dirfered uath regard to number cf questions asked each child and_"
variety of stzmulus materials.

I suggested t the behav1oural mzasure used in Experiment 1

1ncluslon performanceson Plaget's question, and 1t :
may have dene so on SAege}'s questlon as well. In fact, both of the

methodological innovations in Experiment 1, the behav;oural measure and

" the control for subset preference, may have changed 1ncluszon response.

Asking children whlch subset they llke better mlght focus their

-

;iinterest on the matter of preference resultlns in greater use of the

.p

"cther subclass" stratesy irn which chlldren name the supercrdlnate
class ln orQ@r to get the more preferred smaller subelass. Because
ch:.ldren were not asked whlch subset they preferred in the Slegel et
al. study, perhaps they were not using the "other subelassh strategy in
that study, but were in fact ch0031ng the superordlnate class, all of
the 1tems. Similarly, taking the behavioural measure by asking the
chlldren to put thelr chosen 1tems in the cup may affect their
responses on all subsequent " inclusion questions- They may have
perceived that the behav1oural 1nstructlon was a test of their answer,
and that perception may have resulted in lack of confidence in their
ioitial response strategy. If so, some children may have seltched rrom
u51ng 1nc1uszon logic to choosing the smaller more preferrec subclass.

All ;f the foregoing says that a) I did not ﬁeplxcate the
findings of Siegel et al. except with children older than three lr the

a
Al condition, and b) there are many reasons why this may- be so._ Hy

“results might have been affected by the children's use of the recencvfiff’

Strategy on the Piagetian question, and by various changes in

,‘*.r. . o



experimental procedure including aaking the children for their subset_
preferepce and teking the behayioural measure. It "is also possible
“that. Scegel'a rzndlngs'reflect unknoun artlractual efrects The most
reasonable conclusion, I think is tbat the: comparison of Siegel's and

Plaget's questlon deserves further study. An apprcprza'

should 1nclude three-year—olds since Slegel et al. re' t a'difference

Hlth this age group, and each chlld should be aske severai quespions
of both types, Piaget and Siegel. BHalf cf the children should receive
.-the behav1oural request, and Athe otherlahalf should not, to test
poss;ble effects or the behavioural measure on 1nclu51on perrormancem
Simllarly, the effect of asking for subset preference should be tested.

zﬁ addltlon for both Piaget's and Slegel's 1nclu51cn questlons, the
chlldren should also be asked the smaller subclass comparlson question,

- 80 that‘ those ‘respcnses are avallable for analysis with the

mathematical mddel.

Different fLanguage Forms: Use of the Word "all"

| ﬁnother comparison of linguistic forms in this WOk was betseen
the standard inclusion question and the same questlon wlth r“all"
modlfylng the superordlnate-class, in the Piagetian case, M"Are there
more smarties or more candies?" compared to "Are thepe more smarties or
more of all the candies?" For Siegel's question the two forms were "Do

you want to have the smarties or tbe candies?"™ and "Do you want to have

-

the smarties or all the candies?™ The All questions resulted in nmore .

c/prect lncluslon.respcpse for ages 3 through 8 and the behavioural
data for Siegel's'questicn indicated that children in the All condition

understood their correct verbal response better than did the children
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in the Standard condition .
lt . Seemed possible that at -some ‘ages the better performance
with “all“ was not based on inclusion logic, but rather on a non--
inclusion strategy, and Experiment 2 was designed to teat this
pessibility. If children are ch0031ng the class modified by fall®,
then when the subclass comparison questlon is "...more A or more of all

the AT," they should be more likely to choose A' both :.verbally and

behav1ourally. ir Children are simply choosing all of the items

_'witﬁout making any/comparison, then on.this subelass comparison

question they should choose all the items, B, if not verbally then
behavmourally, and they should do as well on ‘the Double All inclusion
" question, “...more of all the A or more of all the B" as on the. A1l
questioo, "...more A, 3@ more of alL the B. None of these predictions
was supported, and so the results indicated that ohildreﬁ over the age

of 3 were not relying on either of these two ‘non-inclusion strategies.
‘ ] ‘ —

-

" Performance is better ﬁﬁen "all" -is used in the question because

children can understand that questlon better than the usual linguistic
form. This conclusmon ‘is consxstent wlth Hlner‘s (197&) observation
that the usual form of the inclusion question is often interpreted as
ask1ng for dlsjuncfive, not 1nclu31ve comparison. In normal

conversation, to refer to both'e superordinate class and an included

subclass, we typically modify the superordinate with "all"™. We do this

- to make clear that we mean the whole superordinzate, not +the

supercrdinate minus the subordlnate that 13 “the others"'

.-

It appears, then, that the standard Piagetian question invites

disjunctive comparison, and so some of the error obtained .is based on
- . - N - Q L4

4
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' mis&nderetanding that question, not on logical inabiliﬁy. This

interpretation i upported by the results obtained when language was

reduced in the Piagetian question.

B;duc&ign_gi;Lansuaa:

It was pointed out in Chapter 1 that while there have been many

K

studies which reduced language in the assessment of . conservation

, seriation, and tr'ansni\ritﬂ only one experiment has reduced language

~in the asseesment of classification, and that éxperiment was not very

successful There are different positions about tpe relationship of

/
language and thought. Many’ current thorists, including the

Piagetians, claim that early classification functioning precedes

accompanying language, and there ie a reascnable amount of evidence to

Support -this position. . Another point of‘#iew is that there is soane
deébéevofustructure inherent'in the oatural world, and to the extent
that this ie_so categorization ie_defined by that struc;ure, and is
indeperdent of language. In'either'case it seemed worthwhile to try to

reduce Language in the assessment of classification. My approach to

reducing lanéuage focussed on. the identification of classes” in the-

inclusion qQuestion, because that is an impeortant aspect ‘of

classification operations. . Some. sort of imaged or .iconiec

_representation is probably preferrer young -children, and sc I used

. Question.:

v¥sual symbols to represent the subd®asses and the superordinate elass .

in the inelusion question. The only difference in assessnent

conditions was that verbal labels, or namgs, were used in the standard

quesiion, and visual symbols were used in the reducéd language. -

.
v e d iy e A Py A
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Four-year-olds gave significantly more correct verbal response
in the reduced verbal ‘condition than they did in the standard question_
condxtion. ThlS differenca in performance decreased with the five-

' -year-ol_ds, and ‘at 6 and 8 correct ;-espons‘e was virtuall;r the same in
,;pe two language‘conditions. Thie finding is‘consistene with the idea
that younger children prefer perceptually based representatxon but

that language becomes nore lmportant as the chlldren get older.

The mathematical model analysis indicated that the difference
in verbal response between the standard form and the reduced language
forn was:ngg based on inereased demonstration df\iPclusion logic wheﬂ
language was reduced, Abut rather reflected different use of non-

- inclusion'stratesiei}in the two question condiiions. when symﬁols were
used to identify clisses a higher.proportion'of reSponse was based on
* guessing tﬁan in gﬁe standard question form, and this difference was
particularly large at ages-u and 6. In the.standard question, with
words 1dent1fy1ng classes, the chzldren were more likely to compare the

3 -

subclasses, and in comparison to .the reduced' language question ‘the

T difference /between the £ﬁo coeditions ;n use of this strategy' was
greatest t oy and 6. The percentage:etlresponse based on inclusion
logic was about the same in the two language conditions, except at age
6 when about 535 of the children ln the standard questzon condition
were using lnclu31on logic; and only about 33% of the children in the
reduced language condition did so.

In future research three-year-olds should be included in 2z

reduced language study of class inelusion, to see if their,performance_
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and use of strategy i3 consistent with that of the four-year-olds. It
. ;ould also be ;nterestiné to do a study likg this with concrete 6bjects.
for stimulus méterials, in addition to geométric‘figures. It is more
: dlt‘ficult to devise simple visual symbols for real lirfe objects than
for abstract geometrlc items which vary only .on the independent
dimensions of‘shape and color, but the results would be more clo;gly
related to real life élassificafion functioning. Children deal with
candy and drinking straws more than ‘they deal with. triangles and
abstract "blue things". - If the type of stimulus content affected the
results of a rgduced language study of lnclu31on, I expect that the
difference m;ght be that wvisual symbol xdentlflcatlon of real, life
classes is more difficult for children than symbollc 1dent1f1catlon of -
.geometrlc figure classes If so, demonstration of 1nclu31on-competend§
would bde delayed with real life classes -im the reduced language
«condition, and prdbaﬂly the childr;n would rely longer on a guessiﬂ%

strategy. . -

Qontributions Lo .the Understandine of.LanéuaRe Effects

In the introductory sections I sussesﬁed that some linguistic
forms of the inclusion :uestion may be hard for children to understand,
in ways that have nothing to do with claésificationlability. I also
suggested that varying language in inclusion éésessment mighq‘providé a |
better understanding of the d§velopmegt of inclusién ability, a;; migﬁt“
even add to our uqderstandins of the relationship 6f language and
thought. N .

Halford (1972) spoke to the issue of question coqprehensibility B

in discussing conservation training studies, including those which used

Ta
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“verbal training. He concluded that the evidence was weak that training
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has actually changed the operations of child thought. .
It is equally 1ikely that the training procedure served
to increase the child's knowledge of the conservation
situation. The child would then be better able to see
that the task was an instance of an operational concept
which he had already attained, but the relevance of
which he had not.seen (p. 185).

Halford is saymg that changing the asaessment of logical capability by -

using a training mtervention may facll:.tate ¢children's understanding

3
"of what is being asked of ;;hem. This research has shown that changing

"inclusion assessment by varying language also affects children's under-

standing of the inclusion question. This was most clearly demonstrated

by use of the word "all" in the question. The children were able to

understand this queétion, and so were more likely -to ;ive gorrect
inciusioh responées. Increased question comprehensibilitg' may also. be
involﬁed. in the better pgr-formance observed oﬁ Siegel's quest:ion
compa:r'ed to Piaget's, in the All- condition of Experiment 1. The
centention that the Piagetian question is misleading becausg it implies;
disjunctive cc;mparison was support?ed by the analysis\‘of Experimept 3
results, in which children were more likely to compare subclasses to
each other wit‘h the standard Piagetian question. ,'~=

| I “cannot draw .any conclusions from these studies about- tbe.
structural, or c‘ausal,‘ relationship of language and classiflcat,:.on
operations in development. There  is information here about the

L

functional -relationship of language and classification, in the sense
that we lear-ned about some effects of language on children's use of
strategy in class inclusion tasks. The analysis of these data has

shown that use of strategy and effects of language on strategy change
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Hith’age; and so we have a betfer7underétanaing of the development of
inclusion skills. We know that before mastery is attained children are
likely to use X subclass cénpérisoq_atf&tegy withlthe standard
Piagetian questioh, and they are likely éo guess when that question is -
chanéqd'by using visual symbols to identify the classes. At early ages
children are,dore likely to'use a strategy based on inclusion logic
~ when the uurd "all® is used in the inclusion question, and this .is.

-

particularly true with Siegel's inclusion qQuestion. _

| Onerqf the interesting side points of this work is the effect
of ;ype of séimulus material on inclus;on herformance. In Experiments
-1 and 2 concrete objects were used, while ln Eipepiment 3 cut-outs'bf
Eeometric figures were used for the'inclusion'questions. In each of
these three experimenté,_one oé the inclusion forms-given the children
- was the-standard Piagetian questioh, "Are there more A or more-B?a The
results for this question for Experiments 1, 2, and 3 "are showp in
Figure 14. At age & theipercéntase of correct responses was highest in
Experiment 2, but for children 5 through 8 the highest perrormance was
obtained  for the inclu31on questlona about geometric figures in
‘Experlment 3. The difference between this performance with geometric
' figures and the ‘performance with concrete objects in the other two
cases is quite‘htriking: At age 6, children‘save 54% correct responses
in Experiment 3, 38% in Experiment 2, and 20% in Experiment 1. At 8,
the percentage of-correct responses was 95% in Experiment 3, 50% in
Experiment 2, and 30% in Experiment 1. - B

Many factors may cause differqnces:in results between studies,

L 4
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ineluding dirrerenees in sanples of ohildren, whether only standard

Piasetian queations are asked or whether theae queations are alternated
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with other inclu.sion foms, Hhether other experimental taslcz precede -

'

the incluaion question as in Experiment a. Bowever, ‘in. this research

it seen;s that ty_pe of stimulue material ca_used a“very strox_ig‘effeet for

children 5 ;grozsgn 8 children at theee ‘agés did much Vbetter with

' g'eome_t:"ie 'rig.ures than with real life objects.. .This I‘inding is
»

-“eonsistent with other results in the inclusion literature. Smedslund

(1964) found inclusion competence at an earlier age than usual ‘in hzs'

study with geanetric figur-es. the seven—yeanolds gave Q0% correct:

response. Kohnstamm (1968) used three types of stimulus content in a

‘training study with five-year-olds, and he obtained the best results

with drawings of blocks ’tha_t. wexf'e essentially geometric figures.
Eighty percent 6:; the five-year'-olds atieined success with these
materials. , Inclusion cempetenee is demcnstrated et a much 'earlier age
when 'simple,r abstract geomet.ric forms are used than when pictures of.

%

objects or real objects are used.

. .- : . : .! . :

The contributions of-the work rebohﬁed here éith regard to the .

nature of asseasment are both methodologlcal and apalytic in nature.

o —p—

For example, the behav:.oural response Reasure is useml.am evaluat:.ng
the meaning of ch:.ldr-en 3 verbal ‘Tesponse. This measure wa%
contributed by a child in the first study who chose whaf. he wal::ted on
Siesel's question and put those 1tems :.n a pap.er' cup himself, not

waiting for the experimenter to do so.  If behavmur-al and verbal

response are consistent, we have evidence that children mean what they

%)

-
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'eay that they understand their anauer. Hhen the behavioural and
verbal.responsee are inconsiatent, the behavioural reeponae providea an--”
1ndication of‘the atrategy children are using | -

The . behaviounal response measure :Ln t;he incluaion queation is
ena;ogous to~1pfbrmgeion obtained by the Piagetians when they interview'
1 children'abeﬁtlreasohe.for answers. The.interview approach pay be-e
_richer'eburce of-igformatioﬁ in'the sense tﬁat cﬁiidren mightisqmetimes

'provide insights that the experimenter was not lookieg for. Om the

:oeper pand, the behavioural response has hhe advantages of _being
. elearly defined, fast_to obtain, and less\vulnerable to experimental.
bias than a discussion between the experimenter and ehe children.

As mentioned earlier in this chapter, when reeeeted ﬁeasures‘or
the 1nclu31on question are taken the behav;oural measure has the
potentlal dlsadvantage ‘of changing the responees that 1t is meant to
~check. That is a matter for further emplrlcal 1nvestlgat10n.' If it
does change the nature of‘ responses to the inclusion queation, it may
Ado sc in ‘a manner uhich provides rUrther insight into the strategies
.used in anauering incluaion questions.

| Another important piece of methodological information concerns
use of the children'e.mere_preferred or less preferred subset in the
incluaion.'questioe. Given the tue subclasses that make up the
. superopdinate; if the items chilegee like best are used for the 1arger
subciasa in the inclus%on queetion they are less -likely to give the
-coﬁrect-euperordinate'reeponse. This is net surprisigg with Siegel's
question in uhieh children e;e'asked what Ehey want: they want the

- items in the largef'eﬁbclass, and they may consciously-decide that they



donltluant all of theiitems which includes the smaller‘subelass. But -

"more or less preferred subset made a - difrerence in response on the‘_

Piagetian question as uell and that ' rinding was quite unexpected

Ihere was no reason to- think that preference for subsets would arfect

respgnse to the quantitative comparisen-asked in the Piagetiaa

questzon but 1t did. «

Penhaps when the ‘more preferred subset is 'used for the larger
subclass in the Piagetian inclusion questlon the children are more.
likely to pay attentlon Yo that class and to use ' the subclass_
comparison strategy which leads to wrong responses. . This poss;billty
could be tested by using the mathematical model analys;s." If.thls
hypothesis is Supported, the effect would be similar to that reported
in soge of the class “Intlusion StudIES which examlned the salience of
the qlasses in the 1nclus;on questlon For example McGarrigle, Grieve,
and Hughes (in pﬂhss) found that there is more ‘correct response when
the superordlnste class is salient, and less correct response when the
subelass is made more. salient " In thedcase of subset preference the

*5
salience would not be perceptually or” verbally based, but would be a

matter of motivational effect. e

Because subset . preference affects response to the inclusicn

' questlon, it is 1mportant to control for this facton.when concrete

cbjects are used a= the_uaterlals for the 1ncluslon question. There is
no evidence 'in this :work about uhether subset preference affects
performance then abstract geodetric figures are used as stimulus- items,
and one may speculate that blue triangles do not have the same

motivational:character as smarfies. Asking children which items they

-
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preter may affect their response to the inclusion question, and this
possibility should be investigated To study “this question, the
procedurea used -in this uork could be compared to a condition in wﬁich

cbildren are asked the series of inclusion.quqations first, and are

asked their preference second.

.The final, and perhaps the most important contribution of this

_research is the analysis of estimated components of inclpsion

'performance provided by the mathematical model. To use this model, the

children must  be asked to compare the smaller subclass to the

superordinate, as well to compare the lafger subclass to  the

- i

superordinate in the inclusion question. The correet and error

response to these two questions is then used to estimate the extent to

. which children are guessing, comparing subclasses, and using inclusion

logic.

Just as the behavioural response information was  impertant in
understanding the differencé in performance between Siegel's aﬁd.
Piaget's questions, the mathematical model énalyﬁis was crucial for
correct interpretation of perf&rﬁance difféfénéea in the reduced
language experiment. If only the verbal reSpénses to.phe inclusion:
questions were avéilable in that study, we would conclude that more
young.children show inclusioﬁ logic witﬂ visual symbols £§ identify
classes, than uiﬁh verﬁal_labels. We would be wrong. The analysis
_into underlying components of response éhdus that performance was

hlgher with the reduced language form because Hlth that question the

_chlldren were less likely to use the subclass comparlson strategy which

-‘always leads to error, and thﬁy were more likely to guess, which only

£3
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leads to erron half the time. There uas no greater use of inclusion _

logic by the. younger children in the reduced language condition. '
The mathematical analysis may prove uaeful in explainlng a

cur:.ous ,phenomenon. Very often performance j.s worst for the five-year-

olds, so that three— ‘and fbur-year—olda'are at some nedium level of

correct response, five-yearuolds have very Jow - levels of ‘correct

response, and then performance 1mproves Hlth 1ncreasin3 age. Thisl

pattern of results was not found in Experlment 3, but. 1t was shown in
Experiments 1 and 2 {(see: Figure du), Five-year-olds are in

kindergarten, and when their performance is lower than that of

preschool children it is tempting to maké undignified c' ents about

-

the beneficial effects of formal education. It may be,. owever, that

e

the 1ncreased error sometlmes shown by flve-year-olds d e€s in fact

represent developmental progress in the use of strategy. I three- and

four-year-olds are likely to guess and if five-year-olds guessing

less and using subclass comparlson more ‘then the five—year—

moving ahead even though subclass.comparison.leads to a higher

percentage of error. Both strategies ar'e"'ur'_ong" from an adult . point

of view, MYut subelass comparison “is a more coherent and systematic.

approach than randam response. The estimated ccmponents of'reSponse in °

SN

the standard Piagetian question of .Experiment 3 do not’ support ‘this

conjecture but then the verbal performance functlon 1n this case does

not show the usual - dlp at age 5 it is an interesting Question that
ki 4

-

pight be exam;ned-ln future studies. T e

This work makes it clear that how we ask a question affects the

lds are.
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' answer we get.. g 'rhat is true not only when ue ask a specific questionfql"

of a child but it is true of ocur research endeavors in general. There-

is a research 1iterature on experlmenter effects (e.g Rosenthal

- 196&' 1966' Orne 1969) and we would do uell to review that literature

periodically, and remind ourselves of hbw our v;ew of reality, our

predileetions, our experlenoe u:th our own thought processes, affect_

"M,._ the questlons we choose  to study and the way we set about answerlng

those questions.

Some effect of persconal bias and academic zeitgeist on research

is probably inevxtable our job is to be aware of these efrects, and to

lessen the constralnts of blas on our uork. -In cognitlve developmental

research if we really want to find. out .about the nature andAf

developnent of oh;ldren's- systems as Nelson urges, we might pay:

atoeatlon to 3 ‘wise woman who uas‘worklng with .children early in thiS"'

century. Haria Montessori (e. 5.,

that we should be still and observe the Chlld.

) There are sometlmes strong pressures not to observe ohlldren as .

they are, but rather as we are geared to see them
involves the behavioural measure which was provided by one of the
children in this study. I almost missed,fhat oontribution. I almost

mlssed it. because when the child grabbed the candies and put thezx in

~his cup I was busy - following my experlmental procedure, and his

N behavicur was not on my program. ,I was supposed to put those candies

in the cup. My initial reaction was along the order ofw "What a cheeky

kid." But the ohlld's behav;our stayed with me, and somewhat later the

realization came: that can tell us someth:.ng useful Later st:.ll it o

A case in point °

-

1912/1964) sa:d over and over agalnlfne
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occurred to e to consider the situation f‘rom tbe child‘s point of |
: view. (Those fam:.liar wit.h Piagetian theory will recall that '
egocentrism is characterized by centering on oneself, not cons:.dering |
the . perspective or otbers and remaining relatively unaffected by
information from otrhers.) I was ~asking the child what he wanted to
have, and we were’ !‘ar enough along :Ln the experment.al procedure that

he knew he did in ract rece:l.ve his cholce. I asked the next quest:.on,

.

"he answered and he took his candies - a reasonable, one ‘might even say-

logical, sequence of events. . We ‘cannot lcnow, cf course, what other
information the ch:.ldren '.m these studies ofrered that I did not

receive . -

- -

Cosnitive developmental research will be best served by
methodolosy which includes both naturallstlc and expermental

approaches. Naturalistic and observational techniques contribute

richness of«inf‘ormation, and validity in the sénse that the data

obtamed are related to human exper:.ence outside the exper:.mental.
paradigm. . E:xperimental \.echmques allow a r:.gor and control that is
not possible‘- in field work, and mathematical‘ analysis of the measures -
sat.hered ex'perimentally prOVides a check on the v-aiidity -‘o__f‘_

'lnterpretatlons an‘d cor"x}lusmns. Qur research programs should -take™

advanta.ge of both approaches. R

The :Ldea that naturallstlc inquiry is important  to

A

develomental psycholosy is not new. Tne'shadow of Jean Piaget is cast
'upon the work reported here as lt is upon mz,ch of the work currently

dcne in cognitive develom&t. Studies which attempt to disprove some-

< . ".’

aspect of Plagetn.an- theory. and stud:i_.ea which seek to confirm Piagetian

- T A



179
theory both offer testimony to the impact this man has had on cégniti#e ]
developmental psychology. And both kinds of studies may extend the
contributions of Piaget, Inhelder, and their co-workers.

' Many years ago Piaget played marbles with children in Geneva,
and he talked with the children about the rules of the game, where the
rules came frém, uﬁether they could be changed (Piaget, 1932/1948). He
observed children! s language with each other before tape recorders were
available (Piaget, 1926/1952). This 1nformation obtained from
observation and the cliniecal interview method enriched our
| uhderstanding of development. No doybt there.is.some Type II error,
.and possibly éther kinds of error as well, in the Piagetian work, and
é€xperimental studies can serve to uncover some of that error and to
refine the conclusions drawn. The revérse is true as we;l:

observations of children in natural situations can inform and. guide

experimental research.
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