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THE DEVELOPMENT OF INDUCTIVE STWN CHILDREN'S E{\RLY THOUGHT
) Yo A ’ .

One may test a ger}eralizatim by examining likely, supporting instances of it
or by examining likely negative instances, to eliminate alternative generali- .

zations. Very young children appear to use the formermethod, alone, and

then develop the latter method.

Forty children between 1% and 3% yefrs of ageﬂere given a simple categoriza-
tion problem. .At around age,3, the children began to search for negative in-

stances of concepts they were “in the process of forming. They were proceed-

ing by a process of elimination. That ig, in the process of establishing \

some category, A, they appeared to test the limits of A by examining instances ~
they believed both were and were not members of A. The younger children ex- .

amined only additional likely instances of A.

Verbal reasoning at the same, ages has similar features. When young children

are confronted with a movel &vent, they compare it with something familiar,

to make sense of it. But by 3 or so they do more than simply analpgize.

They examine how their analogies don't.work, and they draw out the imggica-

tions of what they haven't seen. Despite other evidence that children and :
adults are disinclined to use "negative! instances to form concepts, consi-
.deration of what something is not (or of what instanceg are not renbers of

A) may be a major means by which children determine what is.

. Susan Sugarman

: R i Psychology Department
’ i ' Princeton University




THE DEVELOPMENT OF INDUCTIVE.STRATEGY IN CHILDREN'S

EARLY THOUGHT AND‘LANGUAGE.

~

generalize from what is known about pne thing to what is true of same

\J

previously unexami mined group of things. This is ’H&?"C:Tﬁl‘drmm—

their reality, a reality that includes physical, social, and linguistic

2

objects.

- , » .
We have preliminary evidence from a study involving children's:

maﬁipulation;.of _physical objects that children begin to generalize their
khowlédge in a new way at’ around 3. years of age. Today I will preSent

these results. I will then discuss possible extensions of the\findings to

children's language lea.rn&:g and to their spontaneous "unpacking" of other‘

realltles .

A Preliminary Finding -

N

We 4ave 40 children between 1% and 3% years of age two tasks of graded
complexity. In each task the children were to determine which cbjécts From
a large array had a st‘%icker. hidden underneath. The first,' and simpler

(Nonoverlapping), task used four nonoverlapp:.ng classes of four identical

objects each: discs, squares, calums, and trees, with each class a

different color. Stickers depicting apples were attached to the bottams of
. ' . -
all the discs and squares. The.second (Overlapping) tasgk used four crossed

classes of fouyr objects each. green brushes, yellow brushes, green

A}

triangles, yellow triangles. A fifth unrelated" class of blue columns was

1 . ‘

! - —

One basic component of both scientific and everyday thinking is to




added to these.

from each tagged class was turned up, and the Chlld was told to find "the

other apples/k:,ttles .

Each set of ob)ects was presented in a scrambLed array, one exemplar

-

¢

the children’ signalled that they would search no further.

*

lapping task, and 21 in the Overlapplng task.
vary with age in the Nonoverlappmg t79k but mcreased with age in the

Overlapping task (p .03). -It did not correlate with our dependent

. ! ’
related artifacts on these measures. /

v 4
The children made an avprage of 20 discrete selections in the Nonover=

s

r

Stickérs depicting cats were attached to two disjunctive
[N

classes, the green brustes and yellow trlangles (see Figure 1).

Tasks were \terrm.,nated after three minutes or when

Selection frequency did not

measures in either task, howevg, and thus s’hpuid not have ‘produced age-
. N v . / .

»

»

- . )
The major finding is that as theé children got oldey’ they selected and

organized the untagged ob_jects with incréasing frequen

1, In each task, the propo{*tlon‘ of seldctions 1nvolvmg

untagged as qpposed td tagged, objects inc 7 ed from one-fourt‘:.h
at 18" months o fulty half at 42 months! The heavy line in
Fzgures 2A and 2B .shows this trend. . ///\

2. Agaln in both tasks, there was a reversal with age in the
conditions under th.ch the children sequentlallv selected
identical objects. In each t¥k, the s~ to Zk-year—olds' were
/mre liXely to choose an identical object if they had just chosen
By 3%, however, the children were more likely to ‘choose an
identical object after selectlng an untagged object than after
selectlng a' tagged object 'I‘hese results are graphed }n Figures

32 and 3B. .

_a tagged object than if they had just éhosen an untagged objec;'t.-
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%\ Our secondary finding has to do with differences among” the . younger ©
l .groups, the children who were selecting mainly rt:agged items. As it‘turns
out, ,the very youngest children were not only selecting and classifying \/
. ) tagged ‘objects, hut were selecting and classifying only one of the two‘
. ) classes cf these objects: . | : ‘ ' .

- i

1. Figures 2A and 2B show that in each task the 18-month-olds

——selected one of the WO tagged Classed twice ‘as often~as they -
. selected the other: discs were favored in the Ndheverlapping
.task and brushes in the O\'lerlapping task. | By 30 ’or 36 montks,

* the chlldren selected from the two tagged classes equally often.

2.} Flgures 4A and #B show that until 30 months the children were

0 likély to sele an identical object after having selected

an object from thelir more frequentlv used tagggd class than they -
were after haviyg élected an object from the other tagged class.._
So, in the Ngho _erlappmg task these younger chlldren were more
likely to ct'an 1dent1cal object after havmg selected a disc e
than’ aﬁ./ having selected a square. In the Overlapplpg .-.task
. they Were more llke,ly to select an identical object after having A
se,l%:ted a (green) brush than afger having selectecl a (yellow) .
tri'angle. The older children did not show this discrepancy:
they were as likely to select .an 1dent1cal object after having

se1ected an object from one. tagged class as they ‘were from the °

|~ .

other. : . L ‘ .
. The d thus contain,. two trends. ) One is from the selection and

classificAtion of one  class Of tagged-. objects to the selection and

[

classificatdon of two classes of tagged objests. The other is from the

' - selection and class1flcatlon of gg objects to the selectlop and

¢lassification of both tagged and tagged objects.

o : -
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We nheed a éontrol analysi's before we can interpret these trends. The
> ' -
children did not check the ‘bottom of every object they chose. -Roughly half

the moves at every age conslsted df dJ.splacements without ,cheaking.

Accordingly, we reanalyzed the " data uslnq checked ves only, on the -

assumption that maneuvers following these moves were more likely than
- A ' . X
maneuvers §following unchecked moves to be related to subjects' notions

’, . - .
. about where the stickers were. This analysis strongly confirms the ihitial

one, in two 'ways. First, the two developmental trends I have described

were replicated for checked moves only The only difference is that

chlldren at every age‘ checked tagged obJects more often than untagged

objects. ‘Thus, for example, the oldest children checked the untagged

objects more often than the younger children did, as before, though they

. o .
checked more. tagged than untagged objects (they selected equal numbers of

R Y
each) . Second and more impre%sively, the interaction we found for

)

1dent1cal—object selectlons followmg tagged vs. untagged gelections was

accentuated when we considered only checked moves. When the oldest

" children had checked an untagged object they were extremely likely (that
is, after an average of 80-90% of these . moves) to select an 1dent1cal
object .next. . When the younger children happened to, check an ufitagged
object, they rarely sent on to select athher object fr the s‘ane clas.s
('they did so on no more than a third of these’ moves)

The behavmr of the younger chlldren seems\ reasonable. They sought
.out those thlngs that, on the basis of the evidence they were given, .were
likely to have stickers. The lls-year—olds used just one criterion (one
class) to do this, th.le by 2%, the children selected objects by two

criteria. This trend is consistent }ng.th our earlier ‘_Vr_esults on free

classification (Sugarman,'1982). .




. ! . ’ ;
However, the youngest children riot only sought one class, tigey all

sought the same class. This ‘group bias toward ‘one particular - class of
. L} - . . .
tagged items. suggests that something was especially salient to these

children about these objects, other than the stickers. This feature, in

turn, helped the chlldreri dlst:.ngulsh these objects From the rest of the-

. 3 arra;/. That is, to the extent that they were lookmg for something like an
element they knew to have a stlcker, that element was not hard to find,
This finding, tpo, conwerges with earlier results: iject grouping seems
.tb be associated initially with the decided salience of one class over the
other available cbjects  (Starkey, 1981; Sugarman, 1981). oo

But vwhy should the oltlest children both sample and classify the
untagged objects, espeéially after having, ascertained that these objects
Zwere .in fact 1.mtagged? At least in the Overlapping task, they were
'proceeding by a process of elimination. If a green brush had a sticker
shcwing-, for example, they wr;uld check a .yellow brush. Finding no sticker
on'it they would remove all ‘the yelg‘cw brushes from the array and then (or

at some later point) turn up all the green brushes. They: would then

subdivide the green and yellow triangles the same way, perhaps che'cklng

some blue colums along the way: Lo ’ -

TU, 42 months. T checked a yellow brush ,(no sticker) ‘and then a
green brush (sticker). She moved all four yellow brushes to the

left of the array: "OK, all these have to line up." She chegked

. " a yellow trlangle (sticker) and .then a green one (no sticker).,
. She lined up three green triangles (no stickers) to the left:
. "All these..." She turned over the last two yellow. trlangles
. (stickers): "This have...fhere it is.".. She checked one blue

column - (no sticker), and@ then moved three of thenm, without ’
checking, tp the left. She checked the last yellow brush (no
sticker) and left it in.place. Then, with wvery deliberate

potions, she turned 6ver the nemammg green brushes dlsplaymg v
the Sth}\erS on them. ( .

* .
’

L
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,related untagged ob)ects the blue columns m the Overlapping task, and

'+ tumed up another disc,™ and grou it with the other three

" related) nObjECtS less often than they checked ‘the near ones’ (th,ough they

-chlldren) Moneover" when they did check the distant J.tems R they dld so

. that 1s, durlng their search of the tagged objects. We have suggested that

discover where the stlckers were. In 1nspect1ng the dlstant untagged

W

“In this task, then, it appéars that the oldest chlldren were selectmg
untagged pbjects primarily because they were sorting among closely related

1tems to find the ones that'had stickers. But they also checked less

the untagged objects (columns and trees) in the )Norlloverlapping task:”

TU, 42 months (Nonoverlapping task). T turned up a disc and a
square, revealing the sticker on each one: "-- two, three." She - -

discs: "Now one more of these" (by’this point she had three
discs ,and three squares upturned, and’ had grouped all four - ,
discs). She turned over a tree: "And maybe try one of these." : \
She checked, a second tree and then put three trees' together, .
*although she had checked only two of them: "I think we should .
get rid of these. No smiling faces. (the apples had :faces on
«a, them\" (emphasis added). She turned over two columns and
groua them: "No." She turned over the fourth square; ‘which
sticker: "These." She put a third column with. the colum
group, again without checking.. Lastly, she turned over the
fourth column and put it with the other colums: "Not even
. Othese." »

- . L] . ' (\ .
e children had in_fact received no positivé indication that the objectg
) o - < - &

?
reasonable for them to check -- and eliminate -- these cbjects, as well as ’

[y

that were unlike the upturned exemplars did y{ have stickers. It was

ths untagged objects that were more similar to the tagged items. - . *
" Note, however , that the (oldest) children treated these near and

A"

distd’untagged objects differentially: They checked the distant (less
still checked objects of both types more often than d1d the younger

nearly always after they had finished checkmg the tagged objects. 'I‘hey

checked the nea,r, fr "OVerlappmg", untagged objects r1ght from the start,

in 1nspect1ng the near untagged objects, “the ch;._].dren were trying to

ot

[ L B
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objects, they may have been attempting rather to verlg their hypotheses.

In any event, the younger children dlffered sharply from the older

chlldren in the way they treated untagged ob)ects of éither varlety. They

dld in fact check same untagged objects, espec1ally those that overlapped -

wrth the tagged okpects. This can be seen in Figure 2B: as early as 18
months children were selecting the untagged objects (in_this case the
yellow brushes) that were the same form 'sz their favofed tagged class. But

until 3 or 3% years of age, the children Simply eliminated these bad

cbjects when they mlcountered them. Having chosen an untagged cbject, ‘they

o L}

did not choose another one like it, bu¥ went on to choose, somethiing else

instead. The older children, by contrast, eliminated bad classes. ‘Having

chosen an untagged object, they retriewed the others like.it and quite

11terally got them ouj; of the way. l

We may note in passmg that the 3!5-year—olds behavior is much like

that of elght adults we tested on the same tasks. Aall eight adults ‘vhecked

at least one untggged cbject in the Overlapping task, and all 'but ‘one did

so in the Nonoverlapping task. Within this context,® they gave piecedence

to the tagged objects, as did the 345-year—olds. Most of the adults checked. ’

all the tagged objects before checklng any untagged ob)ects. They “also

dlstlngulshed among untagged ob)ects that were more or less related t the

tagged objects. They checked more of the related ones. And on the rate -..

occasmn when they did check an untaqged object early ih the task they
always checked an ob)ect that was more, rather than less, related ta the

tagged objects. : (N B. In ‘t‘.he Nonoverlapping task there was_a greater

tendency ‘among adults and chlldren alike to check oolumns than s, ambng

the untaqged items. 'I‘he colLuﬁms were closer in size to the tagged ob)ects.
g e i _ I

than were the trees.)"Fma‘lly, like the 3%-year-olds, but not the. younger'

. ‘ v ‘

<

- " ! K
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. the eliminative function these maneuvers’ served.

_possibilities.

VL

children, the adult:; werg more likely to handle untagged than tagged

objects in class order. As with the children, this may have been tied “to

*

Since the untagged
objeets were. urmarked, there wa$ no wav to ‘remerr&;er‘ which ones they were,
save t.o use their physical i.c.lehtity to get from one to the other.

- The import of the adult pat'te;:ns, along with the developmental trend
toward . this génavior ‘15 this: A subject who gamples both tagged and

untaggeo} classes' need not be someone who has no idea where ‘the stickers

are, but could be omeone with a very good idea, who is also aware of other

/ 5

To summarize, © : preliminary findings suggest that by /3% years of

age, children may begih to consider what things are ‘not-A as they try to
establish what things A. “"Ioungef children consider. gnly additional

hikely instances of A. Kor them, an encounter with an instance of not-A,

‘\

Possible E:»'tenslons Eo Spon

lltergture coverlng the perlod from 1 to 4 Analyses of chlldren s syntax

will discuss them shortly Otherw1se, the

Goodnow, & Austin, 1956). It
study began to examine things
"positive" exe:rplars only after 5 period durlng whlch they checked only

¢ ’ x “e

11.ke items. * o C .

-
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N | But what we really need is e'videhce that & strategy of the sort I have
described does emerge in children's ’navigati.o(ns about the world at around -
the 'time we have observed it: bet;veenx 3 and 4 years of age. In the
Jremaining time I will argue that thete is such e\}idence, in children's

+ spontaneous analyses df language and. other realities. I will‘argue further
that-‘children would be unable to construct these realities - specif"ically,
to converge with the convent\';‘enal wisdom on them -- without something like
the process\ we seem to have tapped here. )

...) I draw my -account principally from Kornei Chukovsky's (1968)

‘miraculous book, From 2, to 5, which contains children's spontaneous
comnents about language and other things. It‘seems to me that"' the volume

is replete with examples of chlldren s concern with 'what is not but could

have been , as they try to f:ngure out what is. * ~

Ly

\ begin with, Chukovsky notes, as have othe:;s, _preschoolers'

compuls n to connect everyth.lng with everything else: ' ’ o,
4 "So much cohfusmg and- fragmentary knowledge is heaped 'upon the K
l yound child that if he did not have the fortunate desire to . ’
resolye this chaos he would surely lose his mind by the age of 5.
Necesmty compels him to conduct a tireless cjassification of all
phenomena. (p. 104) .

y . And so, in scrutlmzmg language and other "facts", children draw out the ° -

» - ;.mphcatmn of cr;e utterance or event. by analogy to a past, ‘related one.

., ,From ]:anguage: a child HKears that somebody's "dog is trained", and T

. €

sometime ,later, that someone‘s father is well traiued. The child then asks™®’
¢ g whether thls father is‘a dog. From the world of events: a child who s&é‘s o
\ a train kill a p1g sees a new p1g a few days later and reasons that "the o -
pig glued herself up agaln . Or,-a child sees her grandmother remove her .

artificial teeth and says, "Now take ‘out your little eyes, Granny." These
aﬁalogles are farfetched, but the important pomt is that the chﬁdm 1—; N
L )

generalizing from the old to figure out the.new.
Q . ‘ .

. ' R £
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Knozzledge would be in a sorry te, however, if this were all these’
chil‘dren c;id. But what Chukovsky's record so tellingly reveals is that it
is not all they do. The children are not ju?st making analoéﬂ'.es. "I‘hey are
noting when these analogies do not work. They are seeing t:hat somethindg” ;

could be other than the way it is, through the analogy they have attempted
Qe .

>

to make, but thatl has partly -failed. . .

"The sn sets in the sea. Why is there no vapor?" (p. 21)
(Other things pri&duce vagor in water. Why not the sun?)

. "Where does. the smoke fly?" (p.- 29) (Other things that fly go
scxnewhere. Where does the smoke go?) ‘ .
, 2
"Do chyckens go out w:Lthout rubbers?" - (p. 29) (Chickens lock
like they're in rubbers. We go out without rubbers. The
chlckens are out, but always in rubbers.)

In each of these, examples the children ar:e thinking about what observed
1':hings are not. They are comparing them w:ith things that are like them in
some respects: and unlike them in otbers ' 'and are wondering about what they
he\:re not observed in the present instance. On df;her occasions children go .
so far as tg,difeet'ly examine the consequences of what does not obta.m

."Mommies give birth to boys too? Then what ave fathers for?" (p
34) (Mommies give birth to girls and also boys. Fathers are
like mommies (on whatever grounds). If mommies produce all
children, then what are father® for?) 7 ¢

. Momuy who gave birth to me? You? I knew it! If Daddy had °
given birth to me, I'd have a mustache." (p. 34) (Mommy gave
birth to me and I lock like Mormmy. If Daddy gave birth to me, 1
I'd look like Daddy. Daddy didn't glve birth to me, so I don't-
look like him-) . »

Finally, children may deny something n‘ifr\know to be trueh or that someone

—

else claims is true, and then examine th gonsequences of the denial:

"The rooster, could he campletely, completely,*completely forget
that he is a rooster and lay an egg?" (p. 34) (To lay an egg
.you couldn't be a rooster. If the rooster [thought he] weren't a
rooster, could ‘he lay eggs (viz.gnot not lay eggs)") .

- L4

-
.
3
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Mothers "Dori't you hear? The roll begs you to gat it," Child:
"fhe roll can't talk. Tt doein't have a mouth." (p: 28) .. (Things
talk if they have mouths. The” roll has no mouth. How can it
talk?) . v 3 - %
Mother: "I'm ‘gonna get you." Child: ."You can't. My hands
caught." (from Sugarman, 1983, Ch. 13) (To get me you need my
hands. You can't get my hands, soyoucantgetme) ' -
A’3 year—old has heard that a‘large cloud- traversed the sky:
"How can a cloud walk when it has no legs?" -(Chukovsky, p. 104)
_ (To walk means one has legs. If a thing doés not haveé legs, then
howcanltbewa].lung") . L
In thlS last example, espec1ally, we see the child reasoning from one thing
that someth:imq s not to something else about K it. She does' this by
reference to something else that has ‘the property in question. Pr:'ompted by .
2 '
the use of (the Russlan equlvalent of) 'traverse' in reference to the
cloud the child thmks of other things that walk, observes that these have
legs, observes that the cloud does not have legs, and conclides that it
cannot walk. The logic is impeccable. But the reality is that things can
'walk' if they have no legs. What better a way to discover the richness of
language’, -t)ge tricks it can play ~- the way it maps onto reality —- than as
. )
the 'child has done here? e '
on a more solemn note, the process we see yffolding in these examples
1s one that some 1nvestlgators seem to have invoked in thelr accounts of
chlldren s constructlon of'a grammar. Along these lines, Maratsos and
Chalkley (1980) d1v1de later granmatlcal acquisition into two phases.
Initially, ch;leren could develop a productive grammatical system by an
on-the-spot process of analogizing between individual lexical entires:
they would form the past tense of one word, for example, by seeing how the.
past is formed with another word that th \?\t\reat the same way as the first
in other contexts (e.g., 1n forming the progress:.ve’ This 'unchecked'

analogizing from one expression to another would account for the long
Z .
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period of overgefieral‘ization- of regular .forms that precedes the (stable)’
learning of exceptions. But later on children mist learn these exceptions.
They must learn when not to apply a rule or ot to look for an analogously
treated form to exprpss some function, namely,,when the term in questlon
has a oompetmg form to express that funct:.on. ‘ ' -

".Notice how th}.s account dovetails m.th our: manlpulatlve search data.
Im.tlally ch:leren esta.bllsh where the. stlckers are by,lookmg for things

3
that’ are like the objects that have_stlckers.‘ Then they seem to re_oogmze

the relevance of negative instances — in this case, dissimilar objécts --

to‘.their search./ . h

All these observations suggest that by the middle preschool years,
chlldren begin to cdnsider what things are not in the process of trying to
figure out what they Tare. O in determining to what “instances a given
prooedure, attribute_, outcame, etc. applies, they consider other instam:%

to which that procedure, etc. does and does not apply.' This is a note-

worthy developrreht, in addi/tion to the reasons we have already given,
because. the env1ronmeht does not usually present tasks 4in the form
'determine not-x'.. It presents them in the form 'determine x': fmd'?

figure out what x is or is associated with. One has to think to look where

x is not, to consider what it is not, or is rot associated with.l

This 1s a preoccupation of preschoolers that as astute an observer as

Piaget (1962) seems to have overlooked. He dwelled instead, for his own

ol

reasons, on the highly "assimilative" and particularistic nature of young
children's analogizing. We have seen, though, that in dfawing the
analogies they do, children start to see where these analoqies don't work.

They may then, as Chukovsky's examples suggest, draw conclusions or ralse

questions about the thmg for which they drew the analogy . in *the firss

place. ’ ’ . ' \




This is a sensible way for knowledge to develop. “one could start

" anywhere, including with the "fantastic dedgptions” (Chukovsky, 1968, p.

20) that children make by virtue of their”"priceless urge to 'establish..t '
connections between separate facts" (p. 20). As lor'xg as they constantly

. \\balanc::;‘what so}ethlng ig, like against whak it is not .li.l‘ce, they may

eventually get to the truth, or at legst to the conventional wisdom. -




‘

- A

One may note that.prohibitions take the fon;\, "You may not do x",. or
perhaps, "You may not dp X,.but you may do y." Whatever from
injunctions’ take (and thlS ,.a;s evidenc}:e of whé.t adults thmk children
under. ' migt‘lt prdvide some clugs a{s to what they do ﬁndgrstand) '
we wquld argue that children would not begin to use their concept of
what they may not do to delifnit what they may do (or vice versa) until,.

-

around 3 -- or, more positively, they might do this as early as 3.
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