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An expenmental paradlgm was devrs'ed to extend and
clarlfy the current llterature on- tran51t1ve 1nferent151 L I
reasonlng 1n ch1ldren. 'I'wo analogous forms of reasonmg o
problems—-def:l,ned as locatlve sequences and serl\al order- '

1ngs--wene compared across the ége 1evels of Kmdergarten, . T

Grade 2 and Grade 6.. A two-alternat1ve forced-cho:.ce test

e N . N
- i

for the premlses from whlch the :Lnferences were drawn. :

assessed performance on 1nference questlons and on memory 'j-

There were no dlffer;ences among the cthree age groups 1n'

1nferent1al performance on the locatlve sequence problems

but a marked age trend in performance on the senal order-_'p. I

*

& -" mg problems. However, ‘a s:.gmflcant developmental -fmter- " ' o

act:.on was not preSent \m the memory questlon data nor in R
LI o ‘ N ..."4' é '.! -_‘r‘v, L [T
. a separate memory Conj:rol condlt:l_on. 'I‘he dlfferent devel— %

o oy
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v L, X .
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‘ opmental pattern of flndmgs f}or the two problem types B

was expla:.ned :m. terms of the d:.fflculty encountered bv

young chlldren 1n representlng a senally ordered 1nforma—.'."" '

v
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tJ.on sequence 1n memory
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.tlcally related one—prochltlop sentences. ¢
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Traditionally, it is assumed that the ability to reason
logically is an intellectual skill®which develops gradually

.with age. However, Moeser (1976) recently' reported findinge
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I. INTRODUCTION \ : i
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Foptn

‘that - app’ear to cont\adlct this assumptlon.- She preSented | . L ‘.‘1’

subjects in Rindergarten, Garade 2, Grade 6 and Grade 9 w;.th . - J/
,‘ h éequences °f One-pr0p<>s:,tlon, sentences such as- The ants ate-" 5
. - the Jelly. The Jelly Was on the table, The table was | ;.n the

kltchen.-f'_ They were then tested o"

IOqJ.cal :Lnferences from thﬁse/statements, i, e.. on whether /"3'

¥

they could 1nfer'

forman ce on this T

for the four age

(Parls & Carter,

" S B ; .
thelr A 111ty to derlve RN S

:'-_v

‘that The ants were in the k:.tchen. Per-

!
task was only 65% correct but was 1dentlcal" T 3 g,~.,”'j.v‘-\
[N
1evels. Slmllarly, Paris and h1s colleagues . i
: !
!

19’7'_3'; Pans &'Mahoney;‘ 1974) have fa:.led tAo,

o

fmd any 'developmehtal trends im chJ.ldren s tendency to :

)

spontaneously generate~ :Lnferencee from Sequences of seman- .

L

- fMoeser (1976 Exp. II) also gave Subjects from

'_ Kmdergarten ' Grade 2, Grade 6 Grade 9 and college, prob-

~

lem sets contalhlng four statements. two of wh:.ch coq'ld be_‘

used to 1n§er another statement. An example of a problem'

sequence is. The doll :Ls in the small crlb, The toy truck'

A
v

ls on the s:.dewalk, The small cnb s under the tree. The

clown 1s rldlng on the donkeg In th1s set, the f;rst and"_ :

[
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o third senterices can bé used to deriwe the inference, The
doll is under the tree. The subject

between the correct inference and an incorrect alternative
Bl L 3

v
v

4

s t*ask is to choose

B (e.g., The doll is on the sidewalk)K. Although the results T

QA

J

> -

' rel ted to the element B.

i:erformanc’e onlir at the Grade 9 and college le\;els; there )
were no dlfferences amoéng the: Klndergarten, Grade 2 and
Grade & protocols where developmental changes were expected >
' Recently, Moeser (1976 Note 1) attempted to see
whether thls lack of a developmenta.l/ trend mlght be attrl-.-':
buted to the)fact that the sub,\ects ‘.had not élearned the .
materlal suff1c1ently or slmply had forgotten the 1nd1v1dua1 .v
premlses by the tJ.me of test..‘ She tralned K:Lndergarten, ' RN
Grade~2 and Grade 6 chlldren on the 1nd1v1dual premlses S ) ‘
until each could be r.ecalled w:.thout error.r- Inference per--_ | ‘
formance graatly J.mprOXd for all subjects, but there were.
, Stlll no dlfferenees among the. var:.ou;; age 5roups.' . y
The type of reasonmg task used in these stud‘les
- .can’ be expreSSed aCCordlng to the axmmatlc format- A x B, .

B x C, _‘:D Ax C, where the alphabetlc characters represent L

. ." refers to an :Lnferentlal 1mp11catlon derlved STy
from t e prekus two premlses. The elements A and C,

h never presented together m one statement, are both

* : o

révealed a slight age trend. ‘there was an improvement in i
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The Subject must use th:.s cc:»mmc,n = ’,
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B element to coord:l. nate the,. two dlséaarate 'J.n.formatmnal

a
el

sequences and ta generat.e the thixd proposxtLOn. . .

In the probl‘e‘ms descrxbed abeve, the relatlonshlpss ’ .

v 2 o

among elements rare expressed by loca‘tlve preposltlons. wa’. ’

ever, a more common type of 1nference problem def:.nes the. v
relatn.onshlps in, terms of cOmparatn,ve adjectlves. . An example
woﬁld be,.EdJ.th 1sataller than Suzanne, Suzanne :LS tallez;

[ K - RS

than Llli, followed by the question. Who 1s the taliest-5~

e el

Edlth Suzanne or Llll? In erder to derive the lcgicaﬁ.ly

.

necessary c nclus:.on that Ediyth J.B the tallest of the three, 4
. E-B y

; the s‘ubject 1s requlred to go beyond ~t~he ind:.vxdual compar-

L i J'.n\’ ‘ 8 ‘;” :.., :
e 1sons g:Lven {and comb:.ne the J.nformat:n.on from these, ‘{-_wloe Lot

SN
e

separately presented statements. 'I‘he cntlcal 'p1Vot” te :
e RS
here lS "Suzanne“ as 1t holds the status of common coordl-”'

. nator (the B]element-) w:.th1 the two relat‘u.onshlps. Thus, as

i P i SR VE )
S 1n the ],ocat:.ve sequence tasks, this. type of J.nferenoe qon— Bmen
#ﬂp - i . L e

IR i L ,nects two 1tel¥ms by v:.rtue of thelr relatlonshlp o a thlrd

=

. ' However, unlilke locatiVe sequences, comparat:l.ve problems

. requ:.re that he elements in the statements be ranked alont_ﬁ;

Lk “\.-
. \,v.

L. a contlx,nuous ‘leensz.on Wlth respect to the part:.cular

[ '.'c

s . property expr ssed by the =re1at10nal :terms (e’.g., helght)

3 . . o L

a scale. Becahse of thlS particular property, . _.f,:'
oy ! 'A LR A Ed !

ve' reason:.ng tasks w1ll be! referred to as

- T\

these comparat

«.'". . R . . Vel e

serlal oi’derln .propllems.-_:-..g
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. tower he is. bulldlng."ln this way; the measuring instrument /

PRI ST X DR AL, Y

o "functlons as a logical middle- term through which the chlld

can compare the'two tOWers. /This ablllty Es assumed .to

'ﬂ;%if ‘ 5;/ :1nd1cate an understandlng of 1nferent1al relations, which ; "4 ';g
537{< o | . young. pre*operatlona& chlldren (i. e., prlor to 7-8 ye;rs of - §
.{;g£§ C ;ﬁﬁi%\mage) presumably do not possess (Piaget, 1953a; Piaget, 5
r;&% ’ 'Jh, Inhelder & Szemlnska, 1960; Pulaskl, 1971); S ." ' . 3 %J \
‘ ': (‘ f‘: :f Anothenaform of serlal‘orderlng problem that has been . 3
~,;{f 'i,.jT f - commonl§ studled lnvolves the concrete tran51t1v1ty .of A j | ";:f;\\
.f\\-w}l, ;-' length The ba91c paradelm 1nvolves showlng the subject;a ﬂi o ;4 _lk.t

. .
Al .. N

g iluff ‘ palr of stlcks A and'B (of whlch A 1s lohger),_and then, S .e'ia;md

C£tlcks B and C (of whlch B ls longer) and later.asklng,k

:' "Whlch stlck lS the loﬁgest;

A or C?" 3 The studles are

”usually de51gned so that the partlcular stlmulus materlals‘ - ;
f”jiitdﬂuﬂ‘:i;ifﬁii and thelr manner of presentatlon prevent any solutlons hy Eij{f E
_g}?;r %%'i}hifd“ vdlrect perceptual means.: U51ng thlS type of task,:Smedslund'"'“ ?

'?;é: ' (1963) presented chlldren W1th sticks of dlfferent‘lengths, y-‘ };
ﬁf#f}t_, ;‘n‘iV-:“:\cOmparlng each of the stlcks unt11 the subjects ‘had - learned k
’f:{Ag'f“A"S__"‘> all of the relationshlps.- On a subsequent test‘for‘ablllty i ) L ?-%“f;i
- B to deduce 1nferences based on, these length relatlonshlps,v ; - T;vn fﬁli
iﬁ ; he dlscovered an 1mprouement from 4 to lO years of age. fl‘:: iffw:.'jaf
; . None of the chlldren at the 4h6 year old level as compared ifj;n;d'ti#

?'“ 4 to 85% of the oldest age group, were successful ln attalnlng? y'i k.

t?. - .solutlons./ : ,:';Q:;;';A B ’ R ‘ \ | o N

N %"?Jik;:;dl‘zs£f:;: Bryant and Tabasso vl97l) studled the performance of - .
"‘Jf““‘gh‘chlldren on a flVe term serles*problem u51ng st1cks that were 'fﬂ' i
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n

color coded to reprebent differences in length. |, They found

b

* . , éh/;nprovement in performance on the critical . inference
.pajrs from 4 to 6 years of age. Developmental differences
also appeared in the,inferential'performance of children on

similar transitivity of length tasks (Trabasso, 1975;

' Trabasso, Riley & Wilson, 1975). :
\ .
Murray and Youniss (1968) reported a signi icant age

trend in Kindergarten, Grade 1 and Grade 2 children on a

task in which the length relatlonshlps were expressed in the

>

< . format A-B B>C but not~when they were presented .as’ A>B,,

L . . . ved,

B>C or as A>B, B C. These flndlngs were explalned 1n term53 ;”."{};f"

;

by wh1ch even young j'~' h~‘ ;fﬁ“,;;"

chlldren can solve the problems 1f they are presented ln

.

*{agi elther of the two 1atter forms. Younlss and Murray (1970)

sk ot oot T T p 4 T S

a.

demonstrated advances through the ages of 6 tﬂ 8 years,” n:

e

o though even at the oldest ages, only 31% of the subjects
oo l g' could perform perfectly on\all three forms of ‘the problem.

'T§ o - Roodln .and Gruen (1970) found that 1nferences 1nVolv1ng

.

n am Thei el st A eangmand

’"'length concepts 1ncreased frEm ‘5 to. 7 years ‘of age for both
‘ crlterla of correct Judgment and correct verbal’ Justlflca- Con - {}f"ﬁ'

x’;:fi7 Q tlon. Coon and Odum (1968) 1ncluded older age groups in ;gf

cel -

»

Coa o o thelr sample and reported a, tendency for the number of

~b" -

':";-‘ : s - > X .

N e RS ,~ oo T Lo
N _ from 8. to 15 years.,',-~, ( ':_J:-' P; ,,,-; : ;_-Ay/ S
CHE e T T R : 3 . )

transrtlve 1nfer%nce errors to decrease as age 1ncreased C i :lf
Developmental trends have also been found 1n concrete . )

hat involye other'klnds4of-relat;onsh;ps;~- iIn a. ,

S . 4 4
" » .- . R . . ‘.
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Coe ¢ 4 - )
.o transitivity of weight task, the experimenter compares the |

‘weights of a series of colored blocks (e.g., A with B,

B with C and € with D) and then pretends to weigh A and D,

A

‘adking the child to predict their relative weights. . Hyde

(1970) found an agg~F¥end in the attainment of such infer- ' :

ential concepts for 6 to 8 year olds from a number of

. g ' v dlfferent cultural backgrounds. Cowan (1963);a150 demon- i
,é . strateq that perfOrmance on problems 1nVOIV1ng weight' v 3:
;é . ’ relatlons 1ncreased over an’ 8 to 13 year age: span. é'
.Z%f. wﬂ X f o ": : Serlal orderlng problems have also been presented A '}%'Hﬁ

o }Such that 1nferent1al Judgments had to be made solely on e

~‘the bas;s of verbally presented hypothetlcal premlses.

Ao

.«rf”_ﬁﬁji‘T7Q;C0wan (1963) found developmental trends when hlS tran51tLV1ty

oL . : T . r

'-of weﬂght problems were expressed.verbally.; Gllck and Wapner o

g L S ey
v
e

e T (1968) found a monotonlc 1ncrease ‘in- performance on both

s~
ES
'

"

VAN

concrete and Verbal tasks,as a functlon of age from 8 to. 18 f

SR i

: gears ‘on both measures of. correct 1nferences and adequate .

gt e e e A

;;';k ' T “l.‘l justlflcatlons. -Donaldson.(l963) and~Dona1dson-and Wales.

| (1970) reported studreimin which childfen7were told istorlesﬂ
'7i'§@f- R 1nV01V1ng varlous 'serial relatlonshlps (e g helght, age)
'Lj{j? < o s and were, later asked 1nference questlons. Younger children "\;‘ | |
' Sc' , ,A ) ;:. experlenced dlfflculty in - attalnlng correct 10g1ca1 cdnclu- id . A'I(Q?F
'z2_51ons and ln justlfylng thelr responses. The verbal mode ,;f' . 'd | ‘;”n

I
’ of presentatlon has also been used by Plagetlan researchers

(Plaget, 1950 1966, 1957, nget, Inhelder 3 Szem:mska, IR &5 R

1960) who have reported damlopmental dlfferences between

o




e S T T

‘
G i e e

G

.

. )

4

\
\

NI o L o B

the ages of 5 ahd 12 years of age in such tasks.'

Although it appears that there are age differences
when either form of presentation is used, there is some
evidence to sugéest that tranSitivity is aehieved earlier’
w1th concrete means of present;ng the material. This findf

ing comes from ser1a1 orderind studies in whlch concrete

materials have been used (Bralne, 1959. 1964; Bryant & Tra-

basso, 1971): those 1nvolv1ng a verbal presentat;on of the
relatlonal 1nformatlon (Donaldson, 1963 Piaget, 1966 1967)
. and thOSe whlch prov1ded a dlrect comparlson of the two

.

modes (Cowan, 19637‘Flsher,,1952, Gllck & Wapner, 1968)

-

1nferent1al reasonxng abxllty emerges relatlvely late 1n_’,

14 o

the course of cognltlve develo ment Yet, they are contra—é:u‘”

dlcted by the flndlngs obtalned w1th locat;ve sequences

Whlch have falled to . uncover . such a cléar developmental pat-
’tern. Th}s is of partlcular 1nterest, since locatlve .
sequence problems have typlcally been presented:in the. form
‘of verbally stated hypothetlcal premlses from wh;ch one
would. expect developmental trends‘due to the young Chlld'
/ llmlted verbal skllls. If the young child- 1s Lndeed unable

to make 1nferent1a1 Judgments on 1oglca1 problems of the f'

"serlal orderlng type and yet derforms as well as adults on(

' a slmllar form of reasonlng problem that 1nvolves locative-— .

spatlal 1nformatlon, ther. a questlon arlses as to hls true

loglcal competence.. ThlS lssue 1s partlcularly relevant

since transxtlve 1nference tasks 1nvolv1ng comparatlve'“ﬂj

All of these data appear to support the vlew that f:"l

R

L e mtrbey

e L A . ¥) raas 3
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‘ . relationships have been typically. used as indices of intel- §
r N . v Vi -:f .

iectual growth (e:g., Flavell, 1963; Osherson, 1974; Piaget,
1950, 1953b, 1967; Plaget, Inhelder & Szeminska, 1960; o
' Sigel & Hooper,“1968) . ,
E . Befqte assuming that these t;o types of problems
differ significantly on a develepmental Eaetgr, we must con-
% ‘ " sider that 'such disparities in the developmental litersture ;

dealing with'children's inferential behavior may simply ‘jl ;;7f'

[ v

Lo : . AZ reflect crltlcal methodologlcal drfferences 1n the parad1gms<
used to test for them. One of these dlfferences is 1n the, »._;f‘.\i,;'

klnd of stlmulus materlals used for the two types of problems.ui”

2 f,~1L~f‘ The Verbal materlals typlcally employed 1n serlal orderlngg‘-ﬁj;f_jf

o p:oblems haVe 1nvolved reference to people s namas. Thesei"
ST S N y BRI T

iy

'h s Jt'or to retaln ober tlme espec1a11y for younger 1nd1v1duals :. - “1'.";f“1gd

a

. whose verbal systems are relatlvely lmmature.. The proper

..

e et i

R ,  nouns such as "Edlth“ “Suzanne" or “L111“ have o readlly

;i,, o ldentlflable or ea511y dlstlngu1shable 1mag1nal referents g."u . ,‘f‘&

" to, manlpulate or transform\in the course of problem solutlon. Co

-*“*t« L - The use of such materlals probahly serves to dlscourage the

v

S use of 1ma91na1 mnemonlcs. Thus, subJects attemptlng tof

encode the relatlonal 1nformat10n expressed as serlal order—-

R
RS
“r
D

chlldren.i On the\?ther’hand most locatlve sequenc




flof trans1t1ve reasonlng,ablllty

s

"tree", "table" which may be easier to représent in memory,

thus facilitating their performance. Some evidence for

. g .
this suggestion comes from studies conducted by Riley {(1976).

4

who found a dramatic improvement in' the inferen;ial respond-

lng of young chlldren when they,were prov1ded w1th pictures

of ﬂaces to associate wlth ‘the names. These kinds of dif-

fere%ces in stimulus materials for the twoytypes of problems

_may: have played a 51gn1f1cant role 1n prodhc1ng a dlfferent

N N

developmental pattern of results. n

ST Some of the deslgns used -to study serlal orderlng

problems may acﬁually have been 1nsen51t1ve to theﬂptesence

Bralne (1959) argues that

{

'ment concepts that tends to c0nfound true tran51t1v1ty

lnferentlal reasonlng.

'l ab111ty and thus is an 1nappropr1ate technlque for studylng

He also contends {Brfaine, 1964),

that the capabll1t1es of young chlldren 51m11arly tend to

© be- underestlmated when verbal methods of testing are used.

He conducted an experiment uslngfa non—verbal tralnlng and

;,4-5 years of age were able to arrlve at correct 1n£erent1al

iﬁconcluSLOns.

'assessment procedure and found that chlldren as young as

The 51mple tra1n1ng and testlng prOCedure
employed by Trabasso and hls colleagues (e g., Bryant &
Trabasso.-1971, Riley s Trabasso, 1974) also suggest that 0

the development dlfferences descrlbed An the 11teraturef

mrght not be so marked when tasks are constructed whlch tap
' '-" T -.'l‘

. |‘, PR P PR .
R N DI R o

';such tasks as tower bu11d1ng 1nvolve a knowledge of measureﬁ u"“'”'

4-! -
a4
¢
i
w7
t
H
3
é
i
5
b
el
9
4
¥
A
A

4

ot o VI, o, a




11,

the actual logical abilities of the young child.

s
s o)
—

o
21y

This problem of insensitivity of the test to meagure

- . genuine inference ability also applies to some of the

W al

- . locative sequence tasks studied. However, in this case, the.
ww

error would lead one to interpret the presence of inferential

-ability in younger &¢hildren when in’fact it is absent. For:

i

. - example, the false recognition paradigm -has been employed by

B o N

e L ~some researchers (e g,, Parls & Carter, 1973; Parls & Mahoney, . 3.

. 1974) as -an 1ndex of 1nferent1a1 behav1our., In thls paradlgm, ;: /
the subject is presented w1th a set of semantlcally related ‘,g.”getm'LQAf”

-' ) " " _ ,I. _" . -.. I‘-. "«“ .4. “~— .
sentences and later glven a test contalnlng these orlginal A A

H
x4

3b; statements plus inferentlal statements that were not pres—~f~‘-:ni,-,
o Sy e T :\_:'
ented before but could be derlved from the orlglnal ones. ST

-

g M e m a1

/
\

Identlfying the 1nferent1al statements as hav1ng been

i

v presented ‘before- was assumed to be lndlcatlve of 1nferent1a1

w . A

reasonlng.: However, this type of test is relatlvely 1nsen- : P

P S

L

P
sitive to developmental changes 51mp1y because of a p051t1ve L . ;}ﬂc'

R ‘ h recognltlon bias on the part of the younger chlldrenu-they . L .ﬂ?;ﬂ

tend to make more yes responses than . oldgr chxldren regard-
- . [
'less‘of test pontent. By u91ng a paradlgm that’ is 1nappro—~

'ai; g o P prlate for a developmental analysxs, 1t is- not surprlsrng

that Parls and h1s colleagues falled to ﬁlnd age trends 1n
solutlons to locat1Ve sequence problems. Indeed, they must

wfjl R conclude that the younger chlldren tend to perform better On

the 1nference test due ‘to: the1r pre~drsp051tlon to make more

,recognltlon;errorsvon all’ of the test 1tems.
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¢
o " oOther stuidies have failed to eliminate the utiliza-

tion of solution strategies that provide correct inferential -
conclusions through non-transitive meens. vhmeQSIund.(l965.
1969) has pointed out é number "6 £ suchAsgéégegies that, if
not comtrolled for,(hould create a mi;ieeding impres&ion of’
the child's actual abilities. One of the p0551b1e strétegles
recognlzed by many, researchers (e.q.., Bryant & Trabesso,‘
1971 Murray & Yoe:}ss, 1968- Smedslund, 1963 YQEPISS &

b‘

Murray, 1970] is the abllity to'get 1nference5‘correct by

PN T ek g

>

in't 51 comparlsons., For example, 1n the sequence A>B, B>C,.

RN R
€

o i T R

‘g - tlmes as- blgger but'"C".hever blgger than anythlng else.

'z L Thus, when asked “Wh? h is blgger: ‘A or cg", thE‘chlld

i ' . chooses the correct solution,."A",. but onlyfbecause it was'

‘ the only 1tem that had been con31stently/labelled as "blgger"

L ] during the acqulsltlon trlals. The aVall blllty of thls
hetretegywrn the test srtuetlon leedscto t efipterpretatron

-that genuine inferences  had occurred when, in fact, they”ha&
not. ) o

The developmental llterature also contalns many

. experlments that are 1nextrlcably confounded by a number of o
. extraneous factors. For example, some researchers have

attempted to control for the factor of gueSSLng 1n concrete

tran51t1v1ty of length tasks by 1ncorpcrat1ng Mueller—Lyer

illusions .into therr,test measqres.AzThus, 1f the correct

' 31mply parrott;ng back' a verbal label learned durlng the-i'f;; <i

the term “A" has always been de51gnated as blgger "B" some—‘m"

o

B e

a

e
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'concept of transitivity. Using these. techniques, some-

f‘perceptual 111‘

} behav1or 1s necefsarlly confounded by changes 1n one' s tend-'

“ . \ . : o

»

inferential choice was the longer of the twao sticks/ the

materials wére constructed so as to make this stick \appear
»

v

shorter tharn the incorrect alternative. It was assumed that

the tendency to overcome the countervailing perceptual illu—/

‘'sion to chaoose the\gorrect stick indicated a relatively 'stable,

3

|

researchers claim-~to have found developmental trends (McManis,

19685 Roodin ' Cruen, 1970 Smedslund, 1963)~ ThlS procedure,

)

however, obvi usly conjounds 1nferentla1 performance w1th the

~“ffact that you,ger chlldren maY tend t° be more Susceptlble =3

X

srons. There is- dbme evrdenca to suggest that

5ch11d@en tend Lo 1nterpret relatr.nal te#;s such as-"blg"

and “more“‘ln terms of thelr pheno enal 1nstead of actual
size (Bralney h964), and-would,the efore incorrectly choose

the alternative suggested by .the fllusion. Othér researchers

have used the willingness to conf rm to social pressure as
an 1ndex of the<stab111ty of tran51t1v1ty concepts (e.g.,

Coon & Odum, 1968) They found that as age 1ncreased there

-

hwas a’ decrease 1n the tendency of chlldren to agree w1th the

. A
non—lnferentlal conclus;ons of others. Agaan, 1nferent1a1

ency to‘conform ;o peer standards as a -functioén of age. )

The Present Study

«
. o

much drfflculty 1n reason;ng about c0mparat1ve relatlonshrps

’expressed in the form of 1nference problems but are relatlvely '

PO i

_ ‘ ' R N N
. The 11terature review suggests that children encounter

s

r
“
~

S M o e e e el et =1 o

Wy T




, .o

4 ' ~ A -

, i 5
i ’ / M
’ 14
' !
e . vocsoBiar 4 . )
facile in, dealing with locative-sp&ial information. How- .
4 ' f
) ever, it appears that there aré<m3ny factors that tend to "

S create an experimental situation which 1s more .amenable to

. . »

finding significant age trends in serial ordering problems

and none when locative sééuence problems are studied. More

r

experimental investigation into the area is required in
order to clarify the pattern of findings associated with the . o

two types of reasonlng prdblems.._.' S ;, ’ R

A e

Hltherto, there have been no studles which- lnvolved .
oo . S x

‘a- dlrect comparlson of performance on both problems by the

S
.

=
B

-
bkl
/
<

T R T

=

'same subject Thls approach would not only help to resolve e

- /. Lo -
“,the developmental 1ssue, but would also prov1de a means to o .

” S o evaluate two hypothe’es that have been offered to explaln

' ’

‘theage trends in serlal orderlng problems. Oné 1nterpreta- '

VEL

e

ey e A

¥

tion is, of course, the tradltlonally held notion of an

underlying deficit 1n loglcal thinking in the young child. .

RIS
4

o . Another view is that the develbpmental flndlngs 51mpl5 ﬁk~o//

reflect a dlfflculty 1n handl;ﬂb serlally ordered information

a -

sequences. That ls,.the young ch11d is Xess efflclent im

-

estab11sh1ng a representatlon of a series of 1tems in memory.
'-ﬁf o /: N Thls p051tlon, 11ke the former, would predlct an age factor - / ) iﬁ.
',\:lf ‘ ‘ y,ln solv1ng serlal orderlng problems but, un11ke the formelz
I . argument would not, predlct such age dlscrepanc1es in, the
locatlve Sequence data. The w1th1n subject de91§h adopted‘

.v; in thls study enables us td/<29araté)and examlne these two

hypotheses experlmentally
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* ' Since the-developmental literature on inferential

¢

reasoning appears to be plaéued with me&hodologioal problems,

the exéerimental paradigm attempted to eliminate many of the
. factbrs contributing to misinterpretation of previous find-
ings. For example, the same methodology, problem formats ' y f
and modes of presentation were used for both types ofvprob-

. ;; lems. To mltlgate the argument that dlfferent trends 1n the.

:
$

-~; ata; are due‘to the nature of the stlmulus matErlals, common

AR T N e s

and ea51ly 1maqeable nouns were used in all of the problem :

find
X

sets; 0 reduce any.. lrngu1st1d\d1ff1cult1es w1th the rela- o ' f'{:VL

t10na1 terms, only the "unmarkad" form of the comparatlve . _ ;7::,G.¢§;;

< o
. C__:,._w...p_ o

‘adjectlves was used (e g.,'"taller than“ as opposed to : : ' I ¥ }%}

"shorter than")., These have been shown to be more easily

'cohprehended by children (DonaldSOn &-Wales,.1970) and adults

4

ailke (Clark, 1969a i969b) In addition, only comparatlves ,’

e
RN v

v

PRy P S W

Wthh refer dlreotly to concrete and phys1cal dlmenSLQns o "y

were-employed Rlley (reported in- Trabasso, 1975) has sug- v

-

R S
A

e ' gested that children tend to £ind these forms eaSler than -
adjectlves whlch do not have dlrect phy51cal referents.
Inferentlal responses were measuted u51ng a forced
chorce recognltlon test whlch, accordlng to Anderson and : '1 ’ i_~'”
Bower (1973, p. 351), 1s ‘a; sens:.tlve tFSt for the contents . &
of the memory storeJ The children werée also(tested on their K
‘nemory for the inqiv1dual premlses which make, up the crltlcal

o o . . S : '
inferences to ensure that they were able to remember the

'fi}‘ o " material at the time of test'and.toﬂprovide additional 4
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lwhaph‘contalned an "A“ term which exceeded the other th d;z e

< . - )
- N ‘ .

s

flndlngs have glven rlse to the cognltlve—

information as to how the propositions might be stored and ~

7
3

bombi;ed in tie memory systeﬁ.

B This type of test measyre also eliminated the pos-
sibility of subjeots assigning differential size labels to
each of the elements. Reoeating back verbal labelsiwodld
be.of no value in a paradidm which uses. a forced-choice task
as its test méasurea "In each of the infereﬁce'qhéstions,

the subject had a chorce betweep tWO alternatlves, both of

terms on some-dlmen51on (e. g.y "Is ADB or 15 A>x’“)- Thls kL

' T
)

rendered lt*more llkely that»correct responses actually

. =S
reflected genu1ne lnference ab111ty B

have <demonstrated evidence '

.Some researchers clai
" P/ '3

of transitive reasoning ahility At approximately 4-6 years
of age (Bralne, 1959 1964- Brainerd, 1973; Bryant, 1973;. (///—

Bryant & Trabasso, 1971 Harrls & Bassett 1975). However,

S

‘tesearch efforts have also been dlreoted toWard a substantla-

.

tlon of the Plagetlan estlmate of 7-8 years of age (McManls,
1969, Murray‘&‘Younlss, 1968~ Smedslund, 1963, l965; Youniss

& Furth, J973 Younlss & Murray, 1970) and a ‘hegted contro-

>,

versy over both data and,lnterpretatlon has ayisen. These
velopmental
issue concernlng the accurate specrflcatlon of the age at

I :

’whlch reasdnlng ablilty %}rst occurSu,~81nce the controversial

zllterature centers around the age of 5= 6. years (Klndergarten)

and 7—8 years, (Grade 2), these age - groups were studled in

¥

e

L

Lt e e
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s ‘ their performance on both types of reasoning p;oblems. Since-
5 - ,

" there is a significant tran51t10n that appears to'bccur 1n

. "~ the child's manner of.reasoning‘about‘relat;pnal operations

.

in the period between 7 and 11 years of age (according to

Q Piagét), subjeots of 11-12 ?earslof age (Grade 6) were also
.- . - inc%udeﬁ_to allow the further demonstration of deVélOpmeﬁ}al.w
B . , - . , ‘ [ ‘-\3'
trends, if any exist.: oo T "}," _— R

. I

It is predleted that there w111 be a s;gn1f1cantl P
. :' 1nteractlon oet een age and probleﬁ type, 1 e.,'that there-.jiv
"- w111 be a developmental trend in the data for" sereal‘orderl
o7='?;: flng problems but none ln the data for locatr;e sequence fﬁ:;(j

problems. Thls flndlng would support the pattern of results
v ., &, .

S

*

. documented in the. llterature on 1nferent1al reasonlng 1n:v

£

chlldren and thus dlscount explanatlon in terms of° method—
3 N L

ology differences. . This finding would also suggest a- B

specific problem on the part ot the younger children’with

. <
serially ordered,infdrmatioh sequences as opposed £o an '[

)

- actual logical ihabiiiti.to'aeal mith relational'informa§;

' tion per 'se.

. f ‘ ' >







o ‘ . 19

v 'sentences, thus providing a source of plausible alternatives
in the forced choice .tests which followed. An example of
this format taken from the l'ocative sequence problems is as
'follows;' "The tiny gray nouse (A) was in the basket (B). .
The basket (B) was under the large bed (C): The spider (X)
. was under the armchair (Y)"; an example from the serial
ordering .problems is:  "The old gailor {aA) was fatter than
t\he soldier (.B)‘. The soldier {(B) was fatter than the. fire~
~ man (Cl. The pollceman (x) was fatter than the farmer (Y).

‘33 Each .of the problems was always presented in the order of

Vo, '
t

Premlse l Premlse 2 and dlstractor. For both problem types,

the elements consmted of common anlmal and obgect names

' ., ~ 0

that are famlllar to chlldren.‘wf'f‘l‘yﬂ SRR
R AT Three addltlonal problem sets were constructed ‘.

P
.

whereln the A B, C, X and Y elements were 1nterchanged to e

control £ r the pos51b111ty of response blases based upon

i

11kely to occur in real llfe 51tuat10ns. , Th‘ese control

ver51ons were of the- follown.ng formats' Version 2. exchanged ,

Y

2 elements C and Y 1n Vers:.on 1 thus controlling for response

.*. “

blases Iconcernz.ng C and Y. An exa.mple of thls format is: o
' S ’ "The tlny gray mouse (A) was in the basket (B) 'l‘he ,baske'/t'
(B) was under the armchalr (Y) The splder (X) was under ) T

the large bed (C) Vers:l.on 3 exchanged elements A ‘and X

re

plder (X) was J.n the basket (B)
&

’in . Vers:.on l, ,e g.; "The :
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The basket (B) was under tbe large bed (C). The tiny gray
mouse (A) was under the armchair (Y¥)." 'Version 4 exchanged

elements C and Y 'in Version 5, e.g., “The spider (X) was in
¢

the basket (B). The basket (B) was under the armchair (Y)/
T The tiny gray mouse (A) was under the large bed (C)." A1l
of the stimulus materials are presented in Appendix A.

S - / Each problem was followed by three types of ques-

tions: ~ (1) inference, (2) memoxry for the first premlse,-

(3) memory for the second premise. The questlon testlng for .

* 1nferent1al ab111ty requlred the subJect to choose betWeen

',the correct 1nferent1a1 conclu51on and an 1ncorrect alter-
K ",.natxve. For example, for Ver51on 1 of the problems prev1ously,”
Lo N
S descrlbed the 1nference questlon con51sted of. the followrng,.

et I T, L

""Was the t1ny gray mouse (A) under the Large bed (C) or ‘was .

.the t1ny gray mouse (A) under the armchalr ()2 For the

other ‘control - er51ons, thlS questlon entalled the dec1srons-'

(2) AY-AC, (3) XC-X¥, (1) XY—XC. Slmllarly, the questlon

testlng for memory for Premlse 1 was c0nstru§ted in the form

-

N AB-XB, elg., "Was the tlny_gray mouse (A) rn the basket (B)

LS

or was the spider (X) 'in the basket (B)?" The other ver- b o,

sions offthis question.weré:' (2) AB—XB, (3) XB—AB‘ (4) XB-AB.

The questxon_testlng for memory for Premlse 2 was of the form K

BC-BY, e. g.,'”Was the basket (B) under the.iarge bed (C) or'

-

":was the basket (B) under the armchalr (Y)’" The other ver-

‘-‘SlX:i‘jjre of the format. (2) BY-BC, (3) BC-BY (4) BY—BC

G 7 phue,. b constructlng the four problem versrons in thls'

A T - 34
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LY

manner, the two alternatives in each of the three forced-—

WAy L L N N

choice questions which followed a problem were completely
i counterbalanced such that both were coxrrect and incorrect

an equal number of times across and within subjects. The

inference questi‘on was always asked immediately fol lowing

x

. the cdmpletion problem presentation (i.e., before the .

-

W oo e ., »

Ca

[}

two memory questiigns were asked) to ensure that subjects
e

were basing ‘thei‘r inferential judgments solely upon inferma-
tlon acqu1red from the initial problem presentatmn and were

not belng aided by the premlses being repeated in’ the membry

* . . T

questions. = T T e

Procedure R ,

The experment was conducted in a small room whlch

Was prov:.ded by the pr::.nc;.pal of the 9chool The experl- ' T

menter la female graduate student) and -the, subject sat’ in

o

-+
R A s L TR T

desks facing each other. After conversing with the chl.ld

for a minute or two, the e_xperiment commenced with the fol-
lowing instructions:®
A - -

I am going to read you some stories and I would like
you to llsten really carefully because at the end.

- " of each.story, - I'm. golng to ask you some questions
to see how nmuch you can remenmper about lt, okay? 8o, .
listen very carefully. . . ) R B

, . 3 . . . .

. . Exper:.‘mental Group L . ’

o '. Ce There were'. 1.2 male and 12 female subjects in each
‘

of grades K:Lndergarten, Grade 2 and Grade 6 who were tested

v

on thelr reasom.ng abll-lty. They were ass:l.gned to condltlons
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~

according to the order in which they arrived. The first

subject received Version 1 of the problems; the second,

Version 2, and so on. One half of the subjects of each sex

‘and grade received the problem sets starting with a loca-

tive sequence problem and half started with a serial order-

*ing p\r_gblem, with the five subsequent problep types alter-

nating. The order of testing the two premisgs was also
/ . : '
alternated such that each premise was tested first (follow-

1ng the m:Ltlal 1nference questlon) for half of the problems‘

and tested second for the rema:.nlng half oL

'I'he experlmenter read each of the three sentences

1n a problem tw1ce.; Each of these sentenCes was followed 1'

' by an acqui.s:\.tlon quest:.on ‘to ensute that the ch:.ld had .

FEN 3

hea:;d rlt accurately and understood ltS meanlng. After the "

child responded to the quest:.on, the sentence was repeated

before proceedlng to the next sentence. _As an example of

this™ procedural format,-consuier the follow:.ng locative

sequence problem: (

‘Experimenter: 'The comic book was on the red wagon.
o o The comic book was on the red wagon,

’ e Where was the com:l.c book"‘

! T o ,
ChHild: # ; -On the red wagon. ‘ _ T
Experimentei:\-\ That's rlght- The comlc book was on’

' C the red’ wagoﬁ. S |

The next tw0\ sentences were presented An. the same
7

mannér. All of the locat.we sequence acqulsltlon questlons

s

vere of the form, - "Whére was the comic book"“- all of

‘the serial" qrder:.ng apqu:.s:.t;on qu‘est:.ons-were’ of the fo.rm,‘

i . P R -

o

i S

.\
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e.g., "what was the apple tree taller than?" Whenever the

- s -+
' subject responded incorrectly to an acguisition guestion; <
4 the experimenter read the sentence twlce and asked the
question again. The task required about 10-15 minutes_ to

complete.

Contrpl Group

. A second greup of 36 children (12 per grade level)

were ass:Lgned to a condrtlon wh:.ch controlled for the pos—

Slblllty that dlfferences in 1nferent1a1 and/or memory <o ‘,.

‘,‘ , ) performande for the two types of" problems could be attrl-

Lo buted to pre exper:_mental biases in retentlon for the words‘-

?s

maklng up the two types of problems. These subjects were

therefore presented w1th a Yes—No noun recOgn:Ltion test

that assessed their ablllty to remember the nouns Wthh
! "o

comprlsed the locatlve sequence“and serlal ordering prob—“

lems received by the experimental subjects.

; . Tv?ro noury lists were constructed:. one con51st1ng of

the 15 nouns (and theJ.r modlflfrs) which were used in the

lpcatlve séquence problems, .and the other’ eonﬁlstmg of

.* . . .

those nouns’ (pi‘us modifiei:s) used in the. seriaI« or'dering
ﬁrbblems; all’ of the sub]ects vere tested on both noun .
lists. Half of them . received the nouns used in the 1oca- o
tive sequence pr‘oblems flrst and half- received t.he nouns

used 1n the ser:Lal ordermg problemsjf:.rst. 'I‘he nouns in

.

the two lJ.sts were randomly arranged with the provmlon

that one word from each of the three problem sets Was. read
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before another word frorln that set was presented. Three '

- different'list orders were constructed for both problem

types and each was given to four subjects in each grade.

e
. .

These lists are illustrated in Appendix B. Each subject
- w
was first given the following instructions:

.- o . . I.am going to read you a list of words that I would
like you to remember for me. After I read them to
you, I will read yod another list of words and I .
walt you to tell me which words I said before, okay?
So, listen very carefully to all of these words and

~ try to remember them for me,

N
.

T

o Then, the first list of 15 nouns was read at a ratef_

of approxlmately one Ltem every two se\conds. Follow:.ng N

Wthh con51sted of the orlglnal 15 noﬁns plus 15 add:.t:.onal

o -. J.nstructed to say “Yes" or "No" on the- basis of whether "
- “ » . - . )
‘or not he :Eelt that "he had heard the word in the test. list

. . pr_esented before. '~After th:.s first tes't was completed,

the second list of nouns was read which was® followed by

the ‘se'eéa'nd test (réfer to Mppendix C for the noun tests).
X - - N . N

NSRRI T S T it

- The control subjects also ensured that -children of
the'se'eges could adequately ceiuprehend ‘the meaning of the’
/ : .
RN R K particular relatlonshlps that were enta:l.led in ‘the 1nfer-— T

entlal judgments.¢. After the two noun tests were adm:.nls-"'
tered, each subject was presented w1th a plcture relatlons
test whlch cons;.sted of s:.x pairs of 29 cm by 21 cm draw:mgs

‘ th.ch plctorially J.llustrated ‘the spatlal and comparat.l.ve

R '. . K

. -t . v
' . R . ¢ .
e . L PN A : . ot . - .

Lh:.s acq_u:LsJ.tJ.on phase, the subject recelved a test llst )

* dlstractor 1tems that were not heard before‘ The ch11d was 5 -/
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' tions,

. 1nstructed to po:Lnt to the plcture in each paxr wh:Lch 1llus-/

- also -recelved the locatlve plcture relatlons test flrst and

25

1

rélationships expressed in each of the inference problems

(refer r.tO Appendix D) The experimenter said, "Now I'm

15.

going to show you some pictures and ask you some gquestions

about them." She then held up each pair of pictures and

asked questions of the form: e.g., for the locative rela-

"Which apple is in the basket? Which cup is on the

drum? Whicl'}‘p‘air of .skates is under the table?" ‘and for

the serial_relations, drvfhich sx\rovnnan is fatter‘?' Which pig ‘

“is Bigg'ér?- Whlch flower is taller?" The subject ‘-Was

S

trated the relat10na1 concept. ‘

Subjects who rece:l.ved the locatlve noun test flrst

:

vice ver‘sa. These two memory control. tasks requlred about

10 minﬁtes to complete. . o R

-
calrd
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and the :false alternatlves. A two—way analy51s of varlanc,e’ .

" problem type and age . ‘The fa’ilu_re‘tyo obtain siénificant

o

IIT. RESULTS

Control Group \ ,

"

The number of correct "ves" responses ' (hits) and the

numbexr of‘inco__rretf’t/ ‘yes" responses (fa%se alarms) on both
— :

-

noun fEsts were calculated for each subject. These data

- were.first transformed into d' .scores (after Hochhaus, 1972) -

before any further analyeis was done. . Th,Ls procedure served
-to control for the poss:.bn.],:.ty that one of the noun, lists
may have been J.ntrn.nsu.cally nore dlff:.cult than the othexr

due to greater confusmn arlslng between the target items -

.,»

performed upon ‘these ‘-traz_;sformed scores failed to reveal -any

statistically reliable differences between the merhory per-

formance on these two lists of houné,if_ (1, 33) = .70,

Ms_ = .51, Neither was there a significant interaction

between nqun type and age, F (2, 33) = .66, Ms_ =..51.

Figure 1 illustrates the hit rate as a function,of

diff‘erences-betw'een groups'on this factor mitigates the

argument that the pattern of results found for the experJ.—

' mental group could be merely due to dlfflcult.les expenenced

" in learning those partlcular nouns used in.one of the two

~

problem types. The ahalys‘is indicates fthat subject's:'_of’all.
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ages were as able to ~:;e41ember the nouns US‘ed in sex:ial/ :-j'
problems as they wére able to remember the nouns used in ‘
lo.cative sequence problems. The analysis of variance sum- "
mary table is shown in Appendix E.
None of the subjects experienﬁe\d any difficulty in
providing correct responses to the pi‘.cture relations test.

ecause every one of them scored 100% in their comprehension ~ ;

each of the six relaticnal expressions, it was not neces-

Setndi aby 3ru =

sary to submihltl'{else responses to ahy,'sﬁatistical anal'ysis'.“
These findings .indicate that the particuiar serial and l-orca,— -
tlve relatlonshlps chosen for: the experlment were readlly o
understood by each of the age groups 1nvolved - S ¥ N
. ‘ *\'ﬂ’ : B B S

Experimental Group : )

The number of correct inferences obtained by each

R ATTLE

subject was submitted to a 3 x 2 analysis of variance with

age (Kindergarten, Grade 2, Grade 6) as one factor and prob-

syvpean, et TR
e Lo
Jam T

NN
2

lem type (serial ordering problems versus locativ&i sequence

~
e B TR A B, i T M T
'1 ’Alf 3

v
N N~

problems) as the other factor, with repeated measures per-

‘.‘:l‘

G

/ formed on the latter. The lnference scores revealed a

i

51gn1f1cant main effect of problem type, F (l, 69) = 9 73,

Mse = ,48, which 1nd1cates that the subjects over all ages
tended to be more successful at.drawihg inferences of a
epatial—locative r/leture than on fhose involving ser,iaJ. rela—
_tionships. The_ interaction between age and 'problem'type" aléo
proved to be statieti'éal'iy significar'lt;. F _'.('2, 6§) = 3,12,

/
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_problem type, F (1, 69) = 12.80, MS_

29

MSe = ,48. As can be se€en in Figure 2, performance on loca-

tive sequence problems remained comparable across all ages'
'at a relatively high,BOA_% level whereas success on serial
ordering problems tended to increase monotonically with age
from_a low rate of 57% to a ma%&i'mum of 80%, matching per-
formance on the locative sequence probllems. .Thus. the
significant ’differenc‘e between proble;m type’s appears to be
due primar‘i-ly to a inuch poorer performance on the vserial.
ordering pro'blems by the y‘ounger ch‘ildren. The ar;alysis of
variahce summary té.)_:)]_.e’ for these .da‘t_a appeéns in Appendix E.
B This 'tend_»er‘xc‘y for an age w‘..rend on jthe‘ serial problemg.
-iS evident iﬂ'éaéh of-thé three kinds of comparative rela-
tions’ employed, Howeve';, there is no i.ndi'cation pf an age
trend in any of the locative relationships tested. (See
Appendix vaor a table illustrating performal;xce on the indi-
vidual problem sets) .
’ The memory sScores on the two premises were submitted
to-a 3 (age) 'x 2 (p"i"obl..em type). % 2 (premise) analysis of
va;iang:.:e. The summary t;.able for this analysis is }lbreseﬁted

in Appendix E. ‘The only significant finding was an effect of

= .65, which indicates

that prem'fses expressing j.océtive relationshipé (X cqrre'ct =

2.39) were more easily remembered than those containing serial
relationships (X correct = 2.05). The figure in Appendix G

illustrates‘ these f£indings .graphicalljr./ Thoﬁgh;the inter-

action between -age and p'robiem type is not stati\\sfgii:ally

e A
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"significant, it does tend to appfoximate the

t LJ

inference

¢ ; . "
" ¢

scores in Figure 2. ¥

] . ' . . .

To test for the interrélationship between inference

ability and memory ability, six’2 x 2 Chi-Square tests were

performed on the "datad qppearing*in Table 1,

s e

the number of,

Each contingency

table included the following cells: (1)

times an infetence and both premises were correct; (2) the

number of  times an infer,ence’ ‘was cornect and both premises . .

-

W

(3) the number of tlmes an lnfe'rence was -

.

1ncorrect and both premlses ‘were correct,

were inCOfreét v

and (4) the number

of times an inferénce and both premises were incorrect. '
0 - N 1]
Thé Chi-Square statistics emerging ‘for the locative, Sequence

problens for Kindergarten, “Gq:ade 2 and'.Grade 6 were 0. 44,

3,69 and 0.58 respec.tiv‘ely.; and for the seri-al orderlng

préblems were 0.04, 0.77 and 1. 22 respectlveLy None of

‘these measures were s:.gnlflcant at t‘he .05 level. .Thi-s

.flndmg :Lnd_llqateS that .inferenti al abilxtyn and)memory for-
| ) S

'independent of each.,other in each' af the' sik (jr'oupﬁ ,

‘which served to redice some of the guessing variance.’

®

the -relationships comprising the inference were. statlstlcally'

v

i.'e.‘;
<
‘there was a con51stently low degree of J.nterrelatlorfshlp

between correct :Lnferences and thei'r correspondlng memo-ry

. \n '

.

scores. ' . : & Lt .
> 'Thiere were alternative ways of examining the data

- ' Y] 0

For

N

example, a 3x2 Ch'i-Squa_re analysis v'la's~ performed upon the-

-
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'-DiStributiSn of Inference and Memory Scores on the Two o
. e . BN
Problem Types as a Function of Age
- - . (_‘“' . .
; 3? o
‘Locative Sequences 'Serial Orderings
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;Note Ll: - Inference}correct and both premlses correct.
‘Not H -Inferenee;conrect and both premises ‘incorrect.
"Note "3} .Inferenée incorrect,and both- premlses correct. : .
_‘?Notef4- Ihfexence»lncorteqt and both premlses incorrect. e
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data‘obta1ned’from phqse partlcular Subjects who answered all .

o » .

RO .
three of the ;nfereqce questions correctlywon elther or. both

Append;x y presénts these data

‘along wltH' 1m11ar Spoﬁes calculated’for the two memory
B ",. 7“: . : _4\"«" xﬁ_:.,'-’ .. \. Lo Y ", . -
-.Hﬁence”Pfiap"agegtiand;in;, ..
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..§i' ) received no statistical support from the.C&iJSquare anailysis,

;;\ . x2(2) = 2.81. Also, the numheerfzproblems in”which a

perfect score was obtained on all .of the locativée sequence

N N ' .

and/or all of the serial ordering lnference questions as a
En A -

g Hj functlon of age was calculated (see Appendlx J). There.is

" : an age trend evident ln‘the scores obtained on the serial
” : A . . . !
ol - ordering inferences but not for locative sequence scores.

3

. . «

A Chi-Square test -on these data produced a value of x?(2) =
: : t e
" 5.80, .05 < p < .10. . . . - .

" . . .

The data for the number of subjectslgettrng all of

»
. o e

: - the serral orderlng or all of the locatzve|sequenCe problems

» Do - e -~

’correct were.also:examlned Ln terms of c0ﬂd1tlonal ." .

o . - »

Er.

probabllltles.. Theﬁe scores are presented Ln tabular form

.s;i’a L 1n Append x I ' The proportion.of child&en answerlng all

T R 8]
o ° -

Wt

S ", thiee serlal orderlng lnferences correctly glven that they

also had gotten a;l three locatlve:sequence lnferences'; Cs

' correct was very low in Klndergarten and Grade 2 chlldren.
However, these same age groups demonstrated much hlgher-
probablli ies of answerlng all three locatlvé seguence C

) 1nferehces correctly glven that they had gotten all three {'
ilﬁ 1 o aerlal orderlng 1nferences correct.; The probahllatles fcr ,'ﬁ.

Y [

IR .
the Grade 6 grouprwere about the same for bbth measures.., e

v\_‘

P These t&ndlngs show that, for the younger aged.cﬁlldren,glf‘ff';. X

(1) goodﬁperformance on the 1ocat1ve Sequence problems dOes




-

< ~ '

préblems but that- (2} géod petformance on the serial

ordering problems does éuggest good performance on

. locative #equence problems. The type of inference to

o *be deriyeé did not appear to be such a significant

factor for the Grade 6 subjects. -
These alternative measures therefore serve to-

éubport the findings obtained in the main analyses and

.

show that the significant interaction between age and

problem type is a fairly robust finding éme;ging from

the present study.
¢
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Plaget, Inhelder/& Szemlnska, 1960) Pre~operationai chil—

. : . IV. DISCUSSION

» ' - '
"The marked age trend in attaining solutions to serial

ordering ﬁroblems was not accompanied by a similar develop-

mental pattern for locative sequences. This finding reflects

the pattern.of rgsults reported in the developmental liter-
ature and mitigates the argument that the trends merely
result from disparities in methodology or faulty experimental

designs. It eppears thatfyodhg children-have difficulty in

‘ draw1ng 1nferences of a ser1al nature but are able to, prov1de

the correct solutlons to analogous problems requlrlng the

1ntegrat10n of - spatlal-locatlve lnformatlonf ‘.7

One of the cr1tica1 components of the 1nferent1a1

process is the 51mu1taneous consmﬂeration of ‘a'common 1nter—

_mediate term from two different pointS'of view, i.e., that B

is both greater than C and less than-A (Flabell, 1963;

LY
dren are presumed to be unable to perform these mental
/

operatlons to solve loglcal 1nference problems. Thus) it is

believed that the prlmary drawback to loglcal thlnklng in

R

chlldren is an lntellectually egocentrlc outléok 1n whlch-

'the coordlnation of 1nformat10n Jis largely based on unre-,'

fleduxe perceptlon (Plaget & Inhelder, 1974) However, thls'

'tﬁpe of lntellectual egocentrlsm and 1nab111ty to deal w1th

\ -
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reversible operations‘should also apply-to locative sequence:

problems. For example, if given the sequence, The spider

was in the basket, The basket was under the armchair, the
child must recognize the fact that the basket both contains’
the spider and, at the same time, is located under the arm-

chair in order to deduce that, The spider was. under the arm-

chair. The relatively‘high degree of success across&EtT“age
levels for idﬁetive sequengce probleme sdggestt'that this
‘ reasoning ability is,nolmore difficult-for younger c?ildren
than for:older. Thus, whlle the .data do support the Plagetlan
«contentlon of an age trend 1n‘tran51t1ve problems character—

12ed bxhserlal relatlonshlps, they do not permlt the general—.

1zatlon of these flndlngs to an analogous form of reaeonlng

prOblem. o o '?:?3_Qr - ‘} . ! -

— . o

The view that chlldren do poorly on ;\ierential

L}

reasonlng.problems due to an underlying loglcal deficiency‘
~, ™,
assumes that genulne tran51t1ve inferences occur only through
» f
the coordlnatlon of the 1nd1v1dua1 premises via thelr common

terms during retrleval (e g., Younlss and Furth 1973)
 That 15,/the lnference prooﬁem is approached as'an 1mp11c1t
sylloglsm in’ whlch the subject retrleves from memory the-
Arelated pr09051tlons and uses hls knowledge of tran51t1vrty

concepts ‘to test for the truth of 1nferent1al assertlons

never exp11c1tly stated SIncekcglldren are presumed to bel

unable to loglcally 1ntegrate the relat;Onal materlal about,

.
" : . . - ) \ v

~

e o




37

«

the connecting term, a mental operatiag‘khat is required in

I3

»
e e e bt A B S ST ST T W
haan B w

‘logical development.

solving such syllogisms, this position predicts that similar
developmental trends would occur ih'fnferential resoonding
on both types of problems, With age, the children become
better at retrieving the initial comparisons and combining
them together at the tiﬁe of test. Inferences which are
arrived at by other processes (i.e., forming imaginary
representations of the relationships in memory) are consid-
ered "sub-logical" and irrelevant to discussions of true

‘ ' /

However, thlS view, is not supported 1n the present

. =

study. There’ls a complete absance of any developmental trend
1n the locatlve sequence problems. ‘In addltion, there LS ;:"
some experlmental ev1dence to suggest that these reasonlng
problems are not solved by retr1ev1ng proposmtions and
ooordlnatlng them durlng the test presentatlon.‘ Eor'example,
Moeser (1976, Exp. IT1) tested one group ofksubjects on their
ability to draw inferences when they were actually,provided'
with the cooroinating middle terms asrtransitional cues to

ald them in making the correct loglcal connectlons. ~They \

vere asked to choose be@ een a. correct inference such as,

- . <
e

The doll was in the Crlb under the tree, and an 1ncorrect

alternatlve, The doll was in thefcrlb on the 51dewalk Avff

’ . ke

secohd group recelved the usual form of forced—chorce test
‘ . P

whlch dld not supply the crltlcal'lntermedlate term "1n the

[ v

g .

L
x
1
b

e e w
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crib" at the time of test. Moeser found' that the cues were
ineffective in improving inferential performance and sug-
‘gested that the reasoning employed in solving these problems
did not proceed via the integration of premises during
retrievalu Thus,'with 1ocatlve sequence problems, snbjects
appear to generate the inferences from the related informa-
tion during acguisition training rather than by following
logical rules of deduction during the Festing procedure.
There is also some‘gvidence to Suooest thét serial
N —N BN .
orderlng problems are not solved in a strlctly logico—
deductrve‘manner. For example, 1t has been postulated
(Huttenlocher, 1954 1957 1968 Huttenlocher & ngglns,-'

‘)

/1971) that ser al orderlng problems are solved by construct—

1ng 1maglnally ordered spatlal ar;

~

‘s to represent the

s

serlal 1nformat10n. Such ment' epreseﬂtatxons correspond

e .
1

y ‘
to those actually 1nvolved in 3551gning spatxal arrangements
‘to real objects in the envrronment. 'A‘SLmllar posltlon

(Desoto, London'k Handel 1965, Handel, DeSoto &-London,

)
.

1968, Smitﬁ'& Foos, 1975) contends that reasonlng proceeds
by spatlally aSSLgnlng each of the elements to positlons in
a serlally ordered~menta1 array. Other researchers (Potts,.
1,75, 19743, 1974b-\R11ey, 1976} ‘Scholtz & ‘Botts, 1974; .

Trabasso, 1975, Trabasso, Rlley & Wilson, 1975) have shown

H
“

that reactlon tlme responses are faster~and more accurate to’

1nferentlal statements that were not presented bhan to D

/u

o
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adjacent pairs of comparisons that were presented, ﬁhich
suggegts that an &ntegrated linear order is the preferred
mode of representation of serial ordering problems. Train-
ing data have also indicated the saﬁe finding (e;g.; Riley &
Trabasso, 1974; Trabasso, 1975). . ' .
The absence of a dévelopmental trend for locative
sequence problemg suggests that children may not suffer from
an actual logical deficit per se. Rather, the fundamental
problem encountered-in‘solving Serial ordering problems may'
-lie 1n the formulatlon of an adequate 1nternal representatlon
of” the ordlnal relatlons expressed 1n the premlses. "If the.
reasonlng process does 1nvolve these klnds of operatlons, it

may be that younger chlldren experlence/more dlfflculty in

1form1ng an approprlate memqry representatlon of a serlally
ordered 1nforma ion sequence. They may be ﬂore llkely to
attempt to remeMber each premise as a separate unit of
"1nformat10n or to be 1neff1c1ent in formlng a complete memory
representation before the test.

The establlshment of an array is probably the most
veff1c1ent strategy An organ1z1ng serlally structured 1nfor-
-matlon in that lt "chunks“ the 1nformat10n together 1n‘
;storage. .If the premlses are 1ntegrated and stored as. a
.llnear orderlng A,.B and C rather than separately as ordered

.hpalrs of terms ‘AB° and BC, relat10na1 questions can be -

' answered dlrectly by scannlng the 11near array. There'is




4

with 1ess sophlstlcated organlzatlonal abllrtles.

»
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evidence that when subjects are encouraged to form holistic
arrays to represent serial information (i.e., by receiving

ordered sequences of relations or being trained ifi serial
L3

organization), they perform much better on inferential ques-

tions (Meceser & Tarrant, in press). This finding points out

:

the necessity of storing interrelated premises as integrated

units in order to derive logical inferences. Locative

sequence expressions may be easier to represent holistically

- -~

in memory, thus providing a spatially integrated knowledge

structure that 15 _more amenable to acce551ng 1nferent1a1

relatlonshlps.

‘

tion sequences may pose»serlous problems for indiv1duals

On the other hand serlally ordered informa-
~

Indeed there is already some data to support the

fac 'that young children encounteijﬂifficulty.in handling

Researchers have found that the

-

acquisition of se—/PI orlentatlon is difficult for the young

linear array information.

chlld (Flavell 1971; Murray & Youniss, 1968; Plaget, 1966) . I

For example,,children tend to have. trouble in constructlng

a serles of 10 stlcks from the shortest to the longest and’
later 1nsert1ng more stlcks of varylng lengths in the1r -
correct serlal p051t10ns (e. g., Flavell

¢ -

There is -a 51gn1f1cant dlfference between 4, 5 and

1963, Piaget, 1952,

1967) .

6 year olds ;n the ablllty to dlscrlmlnate and serléte slze

-dlfferences or to llnk a group of asymmetrlcal tran51t1ve B

i - - . ' . . L - . 1 i
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" information was of spatial-locative nature. The type of

_structure.
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z

relationships into a system (Sigel & Hooper, 1968). Others
have claimed that the understanding of seriation is a pre-
requisite operation for transitive inference (Braine, 1959;

Inhelder & Piaget, 1964; Youniss & Dennison, 1971; Youniss

.

& Murray, 1970). _

The fact that younger children have @ifficulty in
fofming a mental representation of serial ordéring problems
is aléo suggested by the memory data. The.solutions to both
types of reasoning problems rgquire the integration of thé -

~second premise with -the first&' However, there seems t -be'

.a dlfflculty in ooordlnatlng informatlon in serlal orderlng

- problems, i.,e.,. the chlldren obtalned poorer overall memory

scbres. This sugge§ts bhat subjects of 'all ‘ages were much
better able to incorporate .the .second premise into the knowl-

edge structure set up by the first, when th? relational

memory representation constructed for the retention of loca-
/
tive information appears to be much more . conduc;ve to the

1ntegratlon of further relatlonal 1nformat10n 1nt0~the memory

3

/ Cs . .
Although data obtained from the memory gquestions for

each of -the two premises did not contain a statistically

significant 'nﬁergétion'betﬁeen age .and. problem type, inspec-
tion of t@e igure in Apﬁéndig G reyealslthat they do, how- (4
ever, %ollow the same tignd, This -tendency squéstél£hat.
to>sgme degree, the ability to draw inferences is asédciated

/

At o
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- with pverall memory performance on the individual proposi-

? tioqs from which the inference is composed. Indeed, the

i— _ memory data teng_to reflect the inference performance to a
greater degree as the amount.of integratiop required by the

5; ) task increases, i.e., the data show a cld%er approximation

fl . ' ‘' to a ﬁevelopmental interaction as the task demands to ,El
coordinate dispatéte segments of information'fQE;ease. For

EA o

) example, the memory control subjects had to learn discrete,

unrelated unlts of information presented as a list of dis<

i P

connectedrwords. _There.was no suggestlon whatsoever of an

o 1nteractlon 1n the data with all age levels performlng com-

parably in rememberlng the nouns.’ On ‘the other hand, the

experimentai‘subjects were ;equired to 'learn. specific premise ~

ot

43 AE

'
/

informetiqh. These premises were'related together to some
degree_but neverthelees were presented a; disbaraté informa-
tion sequences. Thus, in taskslwhere more integratiOn is
requiréd,:the data show a tehdency towards a develépﬁ&ntal' '
interaction. However, only when the task necessitates an

overall hoiistic integration of ideas (i.e., the coordi-

" nation 6f two premise stetements to derive a third) does
the age-problem type 1nteract10n becéme statlstlcally sig- . f§t~
nificant. f : : ' o ‘u§

fhus,,the findings of this study suggest that.children
do not nedeeearily suffer from a deficiency in.}ogica% reason~
ing skills. 'Indeed,‘other “eub—lo§iéa;?;reasbping'qperatiéne : f? e
-mg§echaraetetize the inferential Prqceeé for both cﬂilereﬁ ‘ :

4 ) o [ . e N . s .
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" information would provide more revealing information as to

43
and adults alike. Instead, the inability of chiid_ren to ) R
solve some forms of_relational inferences may be indicativg %
of an underlying difficulty in forming an appropriate memory :
representation of the particular relationships involved.
The dévelopmental trends in reasoning may simbly-reflect !

ontogenetic changes in the ability to represent relational

LT RN

information efficiently in memory. The within-subject ’
design of this study was vgluabie in showing that the:same
individual who was unable to perform well on serially ordered
'infofmation sequences was indeed gb;e‘td draw iﬁferepcés '  : 52
basea‘on lbcatiQQ:spafialbinfofmation. An.ipterééﬁing Qpes_
tion is whether the.young children are acﬁualiy uﬁable'éo-
réprééent the items in memory or marely uhaWa?e that the '
relationships%could'be expressed as a serially ordered array,
i.e., that suclra mnemonic device is available. The degreée

to which the inferential reasoning of young children can 4 A

benefit from specifici training in the organization of serial

the nature and development of the reasoning process. ' AN

. ‘ ) .
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FOOTNOTE /
S
;
1.

Criterion for statistical significance was tdken to
p <.05 throughout the paper.
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1. The tiny gray mouse was in the basket.

2. The old sa:.lor was. fatter than the soldier, : .

'lNo_te':’ Words in parentheses are those whlch were rnterchanged .

RPN

e

Y\ 52

Versions 1 and 2 .

REATIR B NV

The basket was under the large bed (amchair).
The spider was under the armchair “(large bed).

e N RN LS N AU DI RN Wik
R 3 »»3__,._‘5-‘/‘_

Aas the tiny gray mouse under the large bed?* or
Was the tiny gray mouse under the armchair?#*#
Was the basket under the large bed?* or

Was the basket under the armchair?**

Was the spider in -the basket? or

Was the tiny gray mouse ih the basket?* ** '

4 . .. -, - ~ K

" The .soldier was .fatter than. the fireman (farmer).
-~ . The pollceman was fatter\, than the farmer (flreman) o

- Was- the old sa:.lor fatter than the flreman?* or L
- Was. the old sallor fatter than the famer"**i L PR RN
..Wae"'the old sallor fatter than the  soldier? # ** or -
-'Was.the pollceman fatter than the soldrer"" o

‘w'a,sAthe Soldier - fatter than the flreman?* or . o .
Was _the soldler fatter. than ‘the farmer?** T . Ty

v P

3. .The llttle doll was in the bJ.g box.
The big box was in.thé baby's bedroom (kltchen) .
The toy truck was - in the krtchen (baby's bedroom)

Wa's the llttle doll in . the- kitchen?** or . . o
Was the 11tt1e doll in the baby' s bedroom?* C ) B .

v . .

X Was the blg box in the kltchen?** or
'Was the b:.g box J.n the baby s’ bedroom?*

"'Was the toy truck 1n the brg box? ox S
as the little doll 1n the b:Lg box”* *k oo

* . Wt . T
[

1n Vers:.on?.. S

Correct £01 version, 1. S .
., Correct forx version~2. .. B e
Correct for both vers:.ons l and 2._ ' IR : B
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7

4

¥

4
:

,I5. !

Was, the_" red wagon ln the 11ving room”* or’
Ve Was the .‘red Wagon ln the back garden‘-’**

-‘Was ‘the apple *tree taller than the tent?** or
Was the 'apple tree taller than' the BWlng?* .

53

The puppy was bigger than the £luffy white rabbit.
The fluffy white rabbit was bigger than the
yellow duck (striped cat).

The rooster, was bigger than the strlped cat (yellow duck).

Was the puppy bigger than the yellow duck?* or
Was the puppy bigger than the striped cat?*#*

Was the rooster bigger than the fluffy white rabb;t” or
Was the puppy bigger than the fluffy white rabbit?* *%

Was the fluffy white rabbit bigger than the striped cat?** or

Was the fluffy white rabbit bigger than the yellow duck?*

.The comic book was on the red wagon.
The red wagon 'was in the living room (back garden) o
The baseball was J.n “the . back garden (lJ.vmg robm). .

*.Was. the comlc book J.n the back garden”** or. iz

Was'the fcom1c book 1n the liV1ng room7* .

f

. L1

Was‘"the ‘comic: book on the’ red wagon"* ek or

"Was ‘the baseball on’ the red wagon?

»

The apple tree was taller than the flagpole.
The flagpole was taller than the swing (tent).
The wooden ladder -was- taller than the tent (swing).

Was the apple tree “‘taller than the flagpole?* *% or

Was the :wooden 1adder taller ‘than the flagpole'>

wWas'the ‘flagpole taller. than the tent?** or’

the sw1ng?_

‘Was‘th,e flag;'mle__ taller than

b g AR B Db a7
PN e
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i




1. The
The
The

Was
Was

Was

e -Was

' Was
A Was
The
.- . The

.. Was

'+ Was

a3
4l
PRl
<>
!

.
£
23
R

'“':l"‘-
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Was
Was

3. The
" - The
The

Was

“Note:

- . The.
Wa/s )

L Was”

spider was in the basket.
basket was under the large bed {armchair) .
tiny gray mouse was under the armchair (large bed).

the
the

the
the

the
the

policeman was fatter than the soldier.
soldier was fatter.than the f1reman
old sallor was fatter than the farmer. (f'ireman) .

the pollceman fatter than the flreman?,
.the pollceman fatter than the farmer?**

the old S\allor fatter than the sold:.er? or
the pol_rceman fatter’ than the soldier?* ** .

/

toy truck was in the. bJ.g box.. . B o
big 'box was ih the baby's bedroom (kitchen). ' . R
little doll was in the 'k::.tchen (baby 's bedroom). S

Versions 3 and 4

54

spider under the large bed?* or
spider -under the armchair?**

spider in the basket?* ** or | .
tiny gray mouse in  the basket?

o
basket under the large bed?* or
basket under the armchair?**

'the soldler fatter than the f:.reman”* ‘or
the soldler fatter than the . farmer?**

.the’ toy truck 1n the kltch‘en?** or
Was‘the toy truck. J.n the baby s bedrodm?*
/ . : A
Was the toy truck in “the big box"* ** or L . D FET AR
Was the 11ttle doll 1n ‘the blq box’>4 T s T

SE . - v vas the b:Lg ‘box -in. the kltchen?** or . L S,
: S “Was.the big- ‘b‘ox J.h the baby:.s,bedroo_m?*. :

s

-/ '

(farmer) .

sk
Tkk .
e **:

Words used in parentheses are those whlch were J.nter-
changed 1n Version 4.- '

Correct for vers:.on 3. R
~ Lorrect  for version 4, .. '+

Correct f.or both versions: 3,'. and 4.
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, 4. '\\The rooster was bhigger than the fluffy white rabbit.
- “The fluffy white rabbit was bigger than the
JYyellow duck (striped cat).
PUppy was bigger than the striped cat (yellow duck).

2
g} R 5.

.\'

B i it Set- Lo orons skl g hrertny
AHEE RIS S I T ISR, SRR v
h
S

4
e

’
o

The

Was
Was

Was
Was

Was
Was

\

N ,’f‘he
/The
The

Was

Was.

‘Was

Was.
Was

The
The
The

Was
Was

Was
Was

‘ Was
Was
/

the rooster bigger than
the rooster biggexr than

the/£luffy white rabbit
the fluffy white rabbit

the rooster bigger than

: the puppy bigger than the fluffy white rabbit?

———— T

baseball was on the red wagon.
red wagon was in the 11v1ng room (back garden)
COIIllC book was in the back garden (llvmg room)

the-baseball in the back garden"** or
the baseball 1n the llv1ng room?*

a

the: com:Lc pOE k ‘on the red. wagon" or
the baseball “on the red wagon?* **

the red wagon' in the living room?* or
the red wagon in the back gardenz**

wooden ladder was taller than the flagpole.
flagpole was taller than the- swing /(tent).

the yellow duck?* or
the striped cat?**

bigger than the striped cat?** or
bigger than the yellow duck?¥

the E£luffy white rabbit?* ** or

[
N : '

oy

apple tree was taller than’the tent (swing)}.

the wooden ladder' taller
the wocden 1(adder taller

the flagpole taller than
the flagpole taller than

than the tent?** or
than the swing?*

the tent?** or - .
the swz.ng’* co /

s

ther apple tree taller than the flagpole? or

the wooden 1adder taller than ‘the flagpole?* * %
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fireman

Locative Sequences

Order 1

comic book
baby's bedroom
basket

back garden
armchalr
kitchen™

red wagon
big box .
spider
living room
toy truck
large bed
little doll
baseball
tiny gray mouse

.
~

Serial Orderings

Order 1
——

apple tree

fluffy white rabbit
soldier

tent

0ld kailor

rooster

flagpole

policeman

pPuppy

wooden ladder
yellow duck

swing .
striped cat
farmer

Qrder 2 ’

little doll '~
tiny gray mouse
living room

big box

spider .
comic book

. basket

kitchen

back garden
large bed

red wagon ‘
toy .txruck - !
armchalr

baby's bedroom
baseball

Oxrder 2 -

yellow duck
wooden laddex

14 sailor
rooster .
apple tree ~,
prliceman
£luffy white rabbit
swing -

.. Earmer

puppy
flagpole
soldier:
striped cat
tent - :
£ ireman

57

Ordet 3

spider

toy truck

red wagon
baby's bedroom
tiny gray mouse
back garden
armchair
little doll
baseball
basket

big box
1i<ring room
large fed -
kitchen = i,
comic book .

)
.

Order 3

old sailor'

rooster

wooden ladder .
fireman

. swing

Puppy .
farmer ‘ ol
flagpole ‘

fluffy white rabbit
soldier .

apple tree .
striped cat
policeman .
yellow duck’

tent
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Locative Sequence Test 7~ Serial Ordering Test
small baby robin , .policeman®*
baby's bedroom* fish; -
baseball* - lamp post *
ant . doctor |
electric trdin- striped cat*
front yard ‘ ( apple tree*
little doll* - | . brown fox
tiny gray mouse* . N baker o R
coloring book- =~ -, - o tentr )
. high table . . - happy clown =~ . .
‘back garden* : 4 - _heavy. rope ~ . .
papet:bag.; ' - & - ¥ fluffy white rabbitt ~
chesterfield @ - 7. ) old sailox* cU
red wagon*: . " rooster* e
big box* . ‘ A swing* .= - ' '
basket* - - 9 ma:.lman ‘ : :
~bathroom . . . . f green turtle . . o
living room*® . flagpole* . }
bucket. . v pilot. ' o
s toy, truck* . yellow duck*
blue sled, flower .
large hed* sgldier*
kitchen* PUPPY* . . ’
comic book* ferris wheel : :
~children’'s playroom farmer*
hockey puck lazy spotted cow
spider* ) tave . ~ .
basement ‘fireman* B e
teddy bear wooden ladder* ’ ’ o
armchair* monkey . ., : Co,
N P ’ . R .
Note: * designates’the target items: - S '

*m‘ ﬁ:’u‘r"
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