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ABSTRACT

e T e - —

-

- -

Matrix tasks to assess multiple classification. and ﬁultiple
seriation skills were administered to 160 chlldren (40 subjects from

s each of four levels--preschool, kindergarten, first, and second grades)
Each child received six matrix sdﬁtasks (reproduction and transposxtion
of crosssclassification I, double seriation, and cross classification II)
in one of six orders of preSentatlon.‘ Preliminary analyses indicated a
general absence of significant presentation order effects'and an absence
of sex diffexences. Grade level comparisons were significant for all
subtasks except cross c1a551f1catlon I transp051tlon Significantly
superior performanceﬁjon the repyoduction when compared to the counter-
.part transposition subtask were shown .for the cross classification I,

(first grade, second grade, and combined grades), doublé seriation

(kindergarten, first grade, secdnd grade, and combined grades), and

cross classification II (flrst grade and combined grades) cases.

The between matrix difficulties were:- (1) reproduction subtasks--

Ccross cla551f1catlon II > double serlatiog % cross classificatien I;

and (2) transp051tlon subtasys--cross c1a551f1catlon II > double

seriation cross cla551fjﬁatlon I, ! ’
These regults (1) codfirm the previous findings of Bruner'& Keﬁney‘

{19%6) , MacKay, Fraser, & Ross (1970), and Hooper, Sipple, Go6ldman,” &

Swinton (1974N\ concernlng the generally lesser difficulty of matrlx

¢+ reproduction compared to transp051tlon, (2) are .in contrast to the pre-

. vious research of MacKay regarding the difficulty of class and series
matrices; and (3) suggest that development in c¢lassificatory abilities -
may lag behind relational abilities contrary to the structural predlctlons
of orthodox Piagetian theory.< - . . e

xi




i — = INTRODUCTION A T

Among the more commonly acknowledged behavioral indi¢es of concrete
operational thought, . according. to Piaget,. is "the ability to deal with
multiplicative classes and ‘relations. Assessments of these abilities
‘have frequently utilized matrlx-type formats. 'Thus, cross classification

abilities with discrete, categories (e.g., Inhelder & Piaget, 1964, - .
. pp. 151-195) and double seriation understanding with continuous dimen-

sions (e.g., Bruner & Kenney, 1968, pp. 154-167; Inhelder & Piaget, 1964,
PP. 269-274) have been investlgated Task format and instructional set
variations have been found to .influence ,children's performances on cross
glassification matrices (e.g., Overton & Brodzinsky, 1972; Overton &
Jordan, 1971; -Smedslund, 1464, 1967a,°1967b) . A number of normative
studies employing a standardized measure of multiplicative classification,
The Raven Progressive Matrices Test, have beeh conducted (e g., Shantz,
1967; Sigel, 1963; Storck, 1974; Zelner, 1974). . - .
Studies of multiple serlatlon skills 1nclude Hamel & Van der Veer
(1972); Lagatutta (1970); Lovell Mitchell, & Everett (1962) ; Shantz
(1967) ; Smedslund (1964); and Steiner (1974). 1In addition, attempts

‘hdve been made to dev1s§\1nstructlonal strategies directed toward

furthering chlldren s matrix classification understanding (e.g., Caruso.
& Resnlck, 1971; ‘Jacobs, 1966; Jacocbs & Vanderventer, 1968, 1971a, 1971b;
Parker, Rieff, & Sperr, 1971; Parker, .Sperr, & ‘Rieff, 1972; Shantz & ¢
Sigel, 1967) and matrix seriation skills (e.g., Shantz & Sigel, '1967;

Steiner, 1974). : <

Piagetian theory predicts a close developmental relatlonshlp between
multipllcatlve class and relatjons abilities during the concrete opera-
tions peried o iddle-childhood.
mental w1thin-stage correspondence assumption; i.e., the conception of
stage as representing a gtructure d' ensemble (cf., Brainerd, 1972;
Flavell, 1963 *1970; H&oper, 1973; Hooper & Klausmeier, 1973; Pinard &
Laurendeau, 1969; Wohlwill, 1963, 1973). In particular, Piaget has con-
sistently postulated develqpmentai synchrony for performances on task .
settings derived from the classificatory and relational groupements (cf.,
Inhelder & Plaget, 1964, Pp. 278-290, Piaget, 19 : PpP. 240-243; 1970a, -
PP. 723-727; 1970b, pp. 24-27 and 65-66) .

There have been a relatlvely small number of prev;ous studles Wthh
have examined the developmenqal interrelationship among multiplicative
classification and relationality abilities. The majority of these inveg-
tigations have utilized crosShsectional assessment designs (see Bingham-

Newman, Saunders, & Hooper, g975 Stephens,,l972
Fusaro, 1971 for examples of longitudinal assessm

-and Wohlwill, Devoe, &

nts)'.

Lovell et al-
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(1962) included measures of matrix double seriation (multiplication of .
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This follows directly from the funda- o
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in, a series of -
task administrations designed to replicate the earlier Inhelder & Piaget
(1964) results. They concluded that stage three operational mobility is

’ i . : . . o - ’ ’ i . . ! 0]
< asymmetric transitive reldtions) and cross classification

e .

achigﬁed for these “tasks at about 'the same time An primary sphoo;‘childgén,
alﬁhough no direct irtler-task comparison i i Le

were conducted (i.e., Lovell et al),r1962, Table, 2, p.,178). S - -

———~ ——_—smedslund {1964) found-that measurestof muldiple -classification and- - — = -
o relationality were of approx%ﬁately equal difficulty for a sample of 160
children ranging in age from 4 to 11 years; i.e., 81 pe&cent of the chill
_ dren eithér passed or failed both tasks. ‘Shantz ‘(1967) compared the .per-
~  formances of childten 7-1/2, 9-1/2,:and 11-1/2 years old on multiplication
.0 of classés (assessed by the Raven Cdlored g;ég;eésive Matrices Test),
multiplication of relations (assesséd by \dsing the "didlgonals” of 4 x 4
matrices based on various continuous dimensions), apd multiplicé;ion of
infralogical spatial relations'(assesged in an adaptation of Piaget's”
landscape task). Significant rank order correlatidns between the mGlti-
plicative class and relational matrix tasks were found for the two older
‘'subsamples. € - . N /
In another cross—sectional'assesfment dééign study, Lagattuta (1970)
. examined children's abilities to deal with,ynidimensional classification \
" and seriation (relationality) and matrix format multiplicative classification
, and seriation tasks. It was found that a’ child first develops- (5-1/2 °
years of age) the ability to classify a simple arrangement; somewhat later
- " (5-1/2 to_6-1/2 years) the child can successfully deal with a multiple
classificatory matrix. Congurrent with this latter acquisition, simple
serial skills dgevelop (6-1/2 to 8-1/2 years of ag®), while the ability to
! subcessfully order a serial matrix was shown by the older subjects (8~1/2-
) yedrs))only. It'was'teqiatively concluded, in apparent contrast to
Inhelder & Piaget (1964), that classificatory.skills develop independently
of and prior to seriation skills. Comparisons of first and second grade
children's ‘multiple classification and seriation performances (matrix “task )
formats) are repprted by Hamel & Van der Veer (1972). Significant positive :
?intercorrelétions were obtained/for both the younger (.72) and oldetx (.65)

‘stibamples. S . o . ' ., !
iy MacKay, Fraser, & Ress (1970}, drawing upon the earlier work of Bruner
) && Kenney (1966) and Inhelder & giaget (1964) , compared the relative dife-

.%‘7 fi¥ulties of multiple classification, mu t{g;e seriation, and cqmbined CI3:5/ T
n 3,

P .series matrix tasks’for groups qf childre to 8 years of age.- Each chilld
// performed on one of the tasks and was required to repre&qpe 4nd to transpoge

o the presented matrix, The comparisons regarding multiple classification and $
= seriation were derived from an initial experiment involving 90 children,

while a second equfiment assessed performance of an additipnal group of 48
children on the class/series matrix. As anticipated, performances on all the
. tasks improved significantly over the age interval assessed. Matrix repro=
duction was easier than transposition for the multiple seriation and multiple
~cldss/series cases, and this was most notable for the younger (5 to 7 year «
- old)'§upjects. ¢ombining data from the two samples, it,was shown: that
' reﬁkoﬂgction of ‘a multiple seriation matrix was more difficult than reproduc-
tion of a class matrix which was, in turn, more difficult than the class/serjes’ -
case. Transposition of the seriation matrix was of greater difficulty than’
;' either of the other fhatrices. Transposition of the olass and combined class/*
series task was of approximately equal difficulty. It was concluded that:'

v
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’ X 1. ‘The ‘ability to construct a matrix composed of discrete
' categories is developmentally an earlier acquisition
’ , than the ability to construct one composed of relational
variables. -
2. & matrix composed of discrete categorles in both dlreétlons -
) .is of equivalent dlfflculty to one constructed of discrete . / s
- categories in ong'direction and a relatlonal variable in ’
- ti¢ other. ‘
3. A matrix com@osed of discrete cdtegories is no more easily
B reproduced’ than it is transposed, while matrices where , i
. either one or both variables are continuous are more easily
o reproduced than transposed.
. 4. The,great majority of children under "each condltlon who R
. reproduce the ‘matrix do so as it is presented (MacKay
t ét al., 1970, p. 795).
. i ’ : -,
‘ These results were essentially repllcated in a study of 23, severely sub- 2 j . i
. snormal .adults (average M.A. of 6 years), although the lesser dlfflculty " ﬁhé
- ; Of the reproductiorn tasks compared to the tranfgesztlcn tasks was not" i .
found. 4 o
’ - The immediate precursory investigation to" the present study attempted . s
_ to replicate the MacKay et al. (1970) findings. As part of a large scalte e
/ ;nvestlgatlon of children's classlflcatory abilities, Hooper, Sipple, Gold- ) P
mar, ‘& Swinton (1974) utilized idéntical matrlx reproduction and transpo- ‘e

srtron tasks to assess the logical multiplicative abilities of 40 subjects

- - -at each of seven age levels:

preschool, kindergarten, flrst" second,

. . third, fourth, and sixth grades (overall N=280).

There was a significant -

"ipcrease in the number of subjects passing each of the matrix subtasks i *.

across this age~grade range.

Comparlsons across a more restr1cted age

range comparable to- that found in the MacKay et al.

{1970) study-~i.e.,

. ) preschool (mean age, 5 years) to second grade (mean age, 8 years 2 months)--
_ were also carried out. For each reproduction and transposition subtask
there was*a significant increase in the proportion of successful ,subjects; .
.. . i.e.y.all X2 values exceeded 9.40, df = 3, p < .025. This is essentially .
srmllar to the flndlngs of the earlier investigation.
“Ia the MacKay et al. (1970) study, transpositicn of the matrices .
which involved a continuous dimension (double seriation and class/series)
“was a significantly more difficult task than reproduction. Examination
of the Hooper et al. (1974) matrix pass/fail frequencies reveals a con-
cordant pattern of relative task difficulties. - Chi-square comparisons of .
the number of successful subjects on the reproduction subtask versus the
transpos1t10n subtask of the double seriation matrix showed the former to
.- be szgnlflcantly gasier at the bres {27.vs. 12), kindergarten (28 vs.
13), and first-grade (38 vs. 24) Ie;ZIs.‘ Combining the preschool through
second-grade rade subsamples (N-lGSLJ.IBO children passed the reproductlon case,
and 79 passed the transposition subtask (X = 35.88, df = 1, 2_< .001) .
Slmllar compaxlsons for the class/serles matrix also revealed' reproduction
toube the eas1er task- i.e., the frequency of passing subjects for repro-
ductlon versus transposltlon for the preschool to second-grade subsamples
s ‘was 33 versus 21, 37 versus 35, 38 versus 34, and 40 versus 31 and the

o . ' \‘.. . )--.4. "';‘.i 13 . RS i ’, i , -
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"total frequenczes were 148 versus 111 (X2 = 27.73, df =1, p'< ,001) for the . . .

.

combinéd younger subject subsamgles, In contrast, there was no slgnlflcant
dlfference between the number of successful reproduction versus transpo-

sitign casés for/the cross clasgification matrix at any of the separate age-
grade levels, although the comparison for the 160 children in the composlte
younger group--103 passed the reproduction subtask and 85&passed the trans-
.position subtask (x2 4.18, df =1, p < +05) -~was margin&lly significant. In
the preschool through second-grad: composite sample, combining all the repro-
duction and transposition cases for the three matrlces indicated that the
former task was s1gn1f1cantly easier, i.e., N = 480 wlth 381 versus 275 passing
cases (x? = 54,09, 4f ='3, p < .001). _ -

A more direct comparlson of the relative difficulty of thé reproduction
versus the ‘transposition matrix spbtasks is shown in Table 1. (Note that
for Tables 1, 2, and 3, the comparisons within grade levels are binomial
tests with one-tailed probabilities for Table 1 and two-tailed ‘probabilities
for Tables 2 and 3, The composite subsample comparisons are McNemar Tests
for the Significance of Changis with associdted X? ¥alyes and one~tailed
probabilities for Table 1 and two-tailed probgbrlatles for Tables . 2 and 3:)
all of the within-grade subsamﬁle comparisons on douBle serlatren Slgnlfl- .
cantly favor the easier reprodudtlpn task, and only the'flrst-grade subsample .
comparison fails to indicate a similar slgnlflcant,relatlve dlfficulty pattern
for the class/serles matrix. For the cros cla351£;catlon matrlx, only the
first-grade subsample and the cotdbosite przschool to second-grade sample com-
parison reach significance. It was concluded that! matrix’ reproduttion is
significantly easier than matrix &ransposxtlon, arld this was particularly
trne for 'the double seriation and class/series mafrices, -

In considering the relatlve difficulty of the three basic matrix“types, ;
the reproduction and’ transposition cdses were.examined separatély (Hooper TS
et al., 1974, pp. 40-43).° The relevdnt comparisons for the reproduction case
are presented- in Table 2. Con31der1ng initially the three matrices together,
Cochran Q values for the number of’ “passing subjects were 17.04 (preschool),
18.00 (kindergarten), 10.89 (first grade) , and 9.25 (second grade), indicating
slgnlrzcant differences oss the matrix reproductlon subtasks (all probabil-
‘ities less than ,0l). production of ‘the cross classification matrix .was
slgnlfrcantly_more difficul an the counterpart class/ser1es case at all of
the younger age-grade lévels and in terms of the composite sample. A similar .
case of relatively greater task difficulty for cross clas51f1catlon compared
to doublev “seriation is also ‘Shown; i.e., only the second-grade comparlson
fails to reach an acceptable significance level, F1nally, e double gerii-
tion reproduction task appears to be of significantly greate difficulty -
than the class/series reproduction case, and this is most notdble at ‘the
preschool-and kindergarten age-grade levels where a sufficient
inter-task variabilify (absence of ceiling effects) permits direkt comparisons.

ThusY the relative task difficulties for the three matrix reproduction cases
are as follows: cross class1f1catlon > double seriation > class/series..

In the matrix transp051tlon task case, the relative difficulties are
somewhat less distinct (See Table 3). Considering initially the three. - ] ,
matrices togéther, Cochran Q -values for the number of passing subjects were -
7.88 (preschool), 9.91 (klndergarten), and 9.94 (first grade) , indicating
signifivant differences across the.matrlx transposition subtasks "(all proba-
“bilities less than .05). The double seriation transposition task is clearly
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ST T T TABLE1 ™~ T T T s e e
. Comparison of the Relative Difficulties of the
» Reproduction Versus Transposition Matrix Tasks- - - .
. y
: r ";‘ [y <
- CCTxCCR CST x CSR. DST x DSR
 Preschool - cer . 4 s ST a
ccrRH_10l 7| csr+|21]12 DSR+ | 11| 16
] oL 4le Lol 7 -E 1112
Kind LCCT_ . OST_ g s o DST. o ¢
CCcrR+ 14| 8! csr+|24 113 DSR+ | 121 16
- -L4i 14 ] . -l nl
S Eicst Grade +5T. P £ 05T £, e
' ' CoR+{ 23 | 8] CsR+[34] 4 DSR+ |24] 14 .
coo-l2d 73 - -Laolo2 "~ - Lo
N e U I e U R ..
s \ ] Cor+| 24 | 9| Gsr+|a1 |9l DsR+f30] 7 o :
- C -4l 3 -Lolo - 1ol 3 ,
Sombined +CCT_ a £ & +D5T_ 2
- & - -
. - .CCR+| 71 132 | csrR+.J13 134 DSR + 17771 53 S
o -l34 %3 - unil .. -1lz2128} . .
8p<.01 (one-tauo‘&),, e ) . . . !
bp < ,05 (one-talled). t . s .
4 . (§rom Hooper, Sipple, Goldman, & Swinton, 1974, p. 41) .
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!/TABLEZ

. Caupar1 50N of' th‘e Relative D1ff1cu1t1es of the ’
T Reproductwn Matrix Tasks

CCR x DST ) CCR xCSR CSR x DSR

RN ~ . ‘ .
4 Praschol LDSR_ o LCSR_ 4 LDSR_  _»
IO CCR+M13 | 4 | CCR+[1s | 2| osR+ |26 | 7
& ' - Bli_— 9 -l s -Llal s

2p < ,05 (two-tailed).
bp < ,01 (two-tailed), :

-

{from Hdope:;,' S'ipple,' Goldman, & SWiritqn, 1974, pJ 4'2) -

.
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e ’ © TABLE 3

Comparisdn of the Relative Difficulties of the,
-Transposition Matrix Tasks

3p < .01 (two-tailed).

*(£rom-Hooper, Sipple, Goldman, & Swinton, 1974, p. 43) '
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ore difficult than the class/saries matrix case. In addition, the cross

rall composite s . J are concerned. There is obviously
ititle difference in the A /transposition task difficulties for
a_dotble seriation matrices. Thus, the rela-
k difficulties for the three matrix transisition cases are as
follows cress classification = double seriation > class/series.

PIRN Returning to the reproduction tasks again, Table 4 presents the num-
berx andfpercentage of chlldren who passed the reproduction tasks and who
exactly reproduced the vasious matrices as originally presented to them. -
The percentages for the various: composite sample totals--i.e., 78.6 per-,
cent, 80.4 percent, and 98.5 percent for the cross classifieation, class/
series, and double seriation matrix cases, respectively--closely parallel
the earlier results. of MacKay et al. (1970, pp. 793-794).

_ TABLE 4 ‘ .

Number and Percentage of Successful Subjects, Across the™\#¥
Yoynger Grade Levels, Who Exactly Reproduced the Various Matriges

-
EN

}:\ L X Cross Classification . Classification S»eiria{tvion Double Seriation
- Exactly ' | Exactly Exactly
No. Reproduged No.™™|_Reproduced No. | Reproduced
Grade . |Passed | No.| % of Passing{ Passed | No.| % of Passing Passed| No.| % of Passing
Pre \7 9 |. 52.94 33| 22| s6.7 27 |27 | 100
X | & ] Tssog | 37 [ 32| e7sa9 | 28 [28 | 100
R 29 93.55_) 38 29.f 76,32 38 |36 [« -94.74
2 33\ 30 90.91 0. [. 369000 | 37 |37 100 ]
Composite | 103\ [ 8t |  78.64 148 J119 | '80.41 130 [128"] 98.48

(from Hooper, Sipple, Goldman, & Swinton, 1974,°p. 44)

. . . N
Table 5 presents the types of erro responses (dolor vs. shape,
color vs. height, and. diameter ws. heléh .for the matrlx performances,
"The predominant error category for the cross cla551flcatory tasks is -
color misplacement; i.e., 67.50 percent ‘and 57. 14 perxcent of the repro-'
duction and ‘transposition'error cases, respectlvely, for the overall
1 comb&ned sample. 1In contrast, for the class/series matrlx tasks the
present children made more errors on. the height dlmen51on '(66.67 percent
" and. 65.43 percent)- than on the' color dlmen51on (33 33 percent and 34.57
,percent) . Mlsplacements based on h819ht were also the predominant error
. ‘ < - 18 .0 . . ' r

.

a - : \ —

LN




. ~

PR, . - - 4 .- e
category (contrasted with the width or diameter dimension) for the double
seriation cases; i.e., 66.22 percent and 64.62 percent of the total sample
error cases for the reproduction and transposition tasks, respectively.

This latter tendency contrasts with the prev1ous findings of MacKay (1972&n .,
p. 601) which indicated that correct responSes on the double seriation
transposition task were more’ likely to focus upon the helght dimension than
upon the diametexr dimension,

TABLE 5

.
RN

Number of. Subjects Failing Each Dimension of Each
Matrix Subtask for the Various Age-Grade Levels

- . {

Lross Classification Classification Seriation <
Repro- Trans- Repro- Trans- Double Seriation

Grade duction position duction position. ° Reproduction Transvosition {

color shape|color shapd color|he lgnt color|hetght|diameter lhetight Hiameter height
Pre 21 11 19 19 3 7 8 19 1 9 11 Y} 11 28
K | 7 j118 {13 |.1] 3.] o7 13 4 |12 17 |. 24
1 7172 |10 { 8 [ 2 | 1] s 1 2 | 7° 8 ]
et 2 - -+ -6 - 3-+10-4 S {-0-1] 00 [~ 4F g T 2 3 |5 18
com= T4 ' ) ' y -
posit {47 | 23 |57 | 4515 | 12 | 22|46 16- 28 | 40 74
-~ rd

(from Hooper, Sipple, Goldman, & é&inton,'l974, p. 44)

1)

The fact that the Hooper et al. (1974) results substantiate the pattern
that reproductlon tasks are significantly less difficult than transposition
tasks as found by Bruner & Kenney (1966) and MacKay et al., (1970) bresents
some assurance that we are indeed dealing with similar behavioral phenomena.
In this regard, while the results. concerning the comparative difficulty of

4 cross class and the double seriation matrix gages disagree ratherrsharply
with ‘MacKay et al. (1970), the data are in gjgiﬁal accord with the orlglnal

’ research of Bruner and Piaget. Bruner & Kentey {196 + P..158) found that

© 60 percent of the 5 year olds, 70 pexcent of the 6 yéar olds, and 80 ‘percent
of the 7 year olds could successfully reproduce the double seriation matrix,
The comparison perqentages for the Hooper et al. (1974) appropriate age—grade,
groups are 67.5 percent, 70 percent, and 95 percent, respectively. For thé

. double seriation transpositicn case, the comparison percentage values are in

less clear agreement; i,e., 0.0 percent for Bruner and Kenney vs. (30 per-
cent), 28 percent (32cpercent), and 80 percent (60. 0 percent) for the 5, 6,
‘and 7 year old subjects. 1In 51m11ar fashion, although Inhelder and Piaget
dld not ,utilize any dikect counterpart to the present reproductlon and trans-
position subtasks, their contention that "children reach an operational level,

. ‘\" .
Q . ‘,3 S : . <
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. lated to age-grade level,

°c1a551flcétlon II > cross classification I

.
-

10 | Tty -

»
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in the multlpllcatlon of series about the same pexiod (7 to 8 years) as -
cross classification, (1964, p. 278)" agrees with the present case of
equivalent difficulty for cross class and double se®iation transposition.

The present investigation was designed in accord with two general
objectives: (1) to assess-the reliability of the Hooper et al. (1974) and
MacKay et al. (1970) results c&ficexping cross classification and double
seriation matrices, and (2). to assess the telatlonshlp of these measures
to a new cross classification task which utilized the double seriation case
stimulus materialsg. Subjeét sampling procedures and reproduction/transpo-
sition instructional sets were identical to those reported in Hooper et al.
(1974) . In accord with the contentions described above, it was predicted
that:. (1) performance on all of the matrix tasks would be-positively re-
(2) all reproduction matrix tasks would be of
lesser difficulty than their transposition counterparts, (3) the inter-
matrix order of difficulty for the reproduction case would be cross
classification II > cross classification I > double serlatlon, and (4) the
inter~-matrix order of difficulty for the transp051tlon case 'would Be cross
= double seriation.
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SUBJECTS . a )

rd
’

Subiects‘for the study were school children from the Jefferson and
Madigon, Wisconsin, school districts. Forty Ss were drawn from égch of
. four grade levels: preschool, kindergarten, first, and second. .Distri-

bution of the subject population by age and sex ig given in Table 6.

[ . / -
L . . “

R o MBLEG . T .
I i Distribution rﬁ Subjects by Grade, Sex, and Age
. i - : :
Grade Subjects Males., Females _Mean Age  Range
Y, pre’ " 0. 7ﬁf‘"”"v'" 26‘”‘"mffme:§'"L“mfVm§:§"53"5l§”"" o
‘ ‘ K g 200" 20 % -l 5-6 to 6-9
’ 1 40 19 .21 T7-5 6-10 to 8-3
. I 2 .40 20 o izo - 8-3 ‘' 7-8 to 9-2-,

" MATERIALS o .

. : ’ c‘; \\ N
Each matrix task was arranged on a square wooden board sectioned so

. as to produce nine individual squares each 110 x 110 millimeters.

a. Cross Classification I Matrix

’stimuli were three square wooden blocks, three circle blocks,
_— " and three' triangle blocks. One block of each shape was red,
one was -‘yellow, and one was blue. 'Each block had a circum-
ference of 204 millimeters and a thickness of 10 millimeters.
The blocks were arraxkq,on the color' and shapé dimeqsions.

3 5 7
. N -

o




b. Double Seriation Matrix

.

Stimuli were nine cylindrical wooden blocks; three were
100 millimeters high, three were 75 millimeters high, and
three were 50 millimeters high. One block of each-height
had a diameter of 100 millimeters, one was 65 millimeters
in diameter, and one was 35 millimeters in diameter, All
the cylinders were blue. The blocks were arrayed.on the
width and height djimensions,

c. Cross Classification II Matrix ’ -

Stimuli were identical to those for the doubleé seriation :
matrix. The cylindeks were located such that within each
row the height remained constant, and within each column
tthe diameter remained constant. However, neithexr dimen-
sion was seriated across the rows or columns of the matrix.
Thus, by definition, this task is distinguishable from the
double seriation matrix, described prewiously, which in-
volves the multlpllcatlon of . asxémetrlc transitive relations.

. :
- N
\ . "

s ‘ o
‘Three matrix tasks were adapted to assess thg_gevelopment of the
abilities of multiple classification and multiple seriation,. The tasks
were presented in one of the six possible orders of admlnlstratlon.l
'However, the order of administration of a replacement, a reproductlon,.
and a transposition subtask within each matrix was always fixed in that
order. ~ . -
Instructions were identical for each matrlx.

.

PROCEDURE

4
L

[y

a. ~ReElacement Com :
E removed first ohe, then two, and finally three (diagonally'
placed) blocks from the matrix, and each time § was asked to -
put therfi back where they were before E removed thenk .
: ; o\ R ' oo
b, -Regroductlon>‘ . - P ’

E removed all the blocks-from the matrix, and.S was asked to
put them back so the board looked just the same ‘as it 4id be~
fore E remcved them.

~

4 g

c. Transposition

v

E removed all the' .blogks from the matrix and then placed the
. block that had originally¥ occupied the lower left-hand pOSltlon
(of - the §) in“the upper left-hand position. (For the cross .. |
cla551f1catlon Iz case E placed the block that had orlglnally

-

»
[ . v

lDue to an unfértunate proced%ral error, the number of Ss assigned to two,

‘of ¢he sixX different orders of administration fur' the three matrix tasks .
was much smaller than to the other orders. > 0T
e o8 ) ~— S

¥
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: o ‘. occupled the m;ddle-rlght posxtlon (of the S) ln the
‘ center position.) S was then asked to place the blocks ’ '
" on the board so-they made a "pattern like they did before."

- In order to pass the cross classification I matrix reproduction sub-
£ task, a subject was required to classify one dimensioni in ‘one direction
and the other dimensiaon in the other direction. +In order to pass the
double seriation matrix reproduction subtask, a subject was required to
seriate one dimension in one diréction and the other dimension in the
other direction. In order to pass the cross classification II matrix
reproduction subtask, a subject was required to classify the height.dimen-
. sion in one direction and “he width dimensiaon in the other direction. In
. order to pass_ each of the transposition subtasks, a subject was required :
_ to fulfill the same criteria as for the reproductlon cases without moving *
! the replaced ‘block. .

N "o R
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RESULTS

4 /f

’ -, -t

- Initial considerations concern the evaluation of order of presentation
effects and possible sex differences in the children's matrix task perfor-
mances. Deleting the two orders containing substantially lower numbers of
subjects, significant order of presentation gffects were notably absent, .
with one exception. That is, none of, the ffeguencies of subjects passing
each of the six'subtasks were effected by the orders in which they were
presented ,-exeept the cross classification II involution subtask. A

&3, notably higher proportion of is passed this task within the two ordeks

where the cross classificat IT* task was presented last in the serieg:
31 percent passing (cross classification I, double seriation, cross
fo classification II) and 36 percent passifg (douhleu§eriation, cross class-
ification I, cross clas$ification II). in #Bntrast- to 7 percent (cross.
., classification I, cross classification, II, double seriation) and 14 per-
cent (cross classification II, double seriation, cross classification I)
{ passing. Chi-square comparisons of the frequency of male versus female
» subjecté who passed the various matrix égigs (see Tables 7 and 8) were con-
sistently nonsignificant for Both the repoduction and transpesition cases.
~gansequenﬁly tge,male and:female subsamples were combined for all later
analyses. = R . : .

> +

. . ‘ N .
The fréquency—hnd‘perceﬁtagé ofuﬁdbjﬁﬁts\égzéing the reproduction and
transposition ‘subtasks across the pré?ept age-grade range are presented in
Tables 7 and 8. As anticipated there was a notable positive relationship
between age~-grade level and the number of subjeéts passing the various matrix
“itasks. . e | )
\ The. chi-square comparisens of passing frequenties across the four grade

levels were significant with One exception--i,e., for the reproduction cases,

double seriation X2 = 20,51, g£_=f3, B < .001; cross classification I, X2 =

Y e

»

¥

12.28, df = 3, p < .0l; cross classification II, X2 = 36.43, df = 3, p < .00l

and for the transposition cases, double seriation X2 = 12.38, df =

3, p.< .0l; cross classification ‘I, X2 = 5,30, 4f = 3, N.S.; cross

classification II, X2 = 20,77, daf = 3,'2_< «001l. These age perform-

ance trends are also shown in Figures 1 through 5. Pair-wise, compari-
; ‘son's between the various grade leVels resulted in the following

‘significant distinctions. - { N

3

., Reproduction Cases

4

Double Seriation: . '

‘Pre vs. lst gr., )/(2 = 8/.;12, daf = l,,p; < .01
"- Pre vs. 2nd gr., x2 = 18,06, df = 1, p k .0l

>

4 .

‘ . ) 2 o
.. Kdg. vs. lst.-gr., X" = 3.85, df =1, p < .05
\ ‘ . Kdg. vs. anj.gr'., x2 = 8,58, df =1, p < .01
i - . ‘. ' \“ 15 ’ '
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—-  cross Cladsification I: ‘Pre vs. 2ndgr., X < 9.‘55,‘%"_: Lp<ool ™ 0 T
. .o ’ Xdg. vs. 2hd gF., X° =.9.90,-d4f = 1, p < .01 ..

Cross Classification II: Pre vs. 1lst gr.:, xz

« N

22,03,7df = 1, p < .01
- ST . Pre.vs. 2nd gr., X5, = 27.58, df =1, £{<‘.01 ,

S Xdg, vs. lst-gr., X = 9.14, &£ = I, p < .01

i ) ) : ’ Xdg.! vs. énd g;r:.,'x2 = 13,33, af =1, _2 £ .01

. * Transposition Cases

‘ ~ x 2
Pre vs. 1lst gx. Xz = 6.27, df = 1,_!5 < ,05 B

Pre vs. 2nd gr.,.x° = 8.57, d£ =1, p< .01

Kdg, vs, 2nd gr., xz = 5,70, daf = '1,2 < .05

Pre vs. 2nd gr., X° = 4,27, df =1, p < ,05 /.
Pre vs. 1lst.gr., x_2 = 5,54, P < .05' - ) - ‘
Pre v:'. ’nd gr., }l{2 = 13.07, p < .01 ; o
o . o qu./’v's.’f_lst gr., X =’5.54,.£>_ < .05 .
. ) . « ' 3 Kdg. vs. 2nd gr., xz = 13.07,_g_< .01 - ~
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The relatj.ye.dig_ficulties of the reproduction tasks contrasted with
the transpositicn "c‘_@ses are presented in Table 9 (note that the probability
values associated with the McNemar Tests for the Significance of Changes
are for one-tailed inference tests in Table 9.and for two-tailed inference

-

tests in Tables 10 and 11). It may be noted that the reproduction tasks are )
consistently of lesser difficulty. . “ . .
" The inter-matrix reproduction task relative difficulty comparisons are
}uesgnted in Table 10. Asjiﬁ&iqated, there is very little difference be-
tween the cross classification I and double seriation reproduction tasks,
Each of these measures is significantly easier than the cross cléssigication
II tasK at the preschéol level and in.terms of the combined sample passing- ‘
frequencies, These comé;riSOps“§uggést the'following order of difficulty -,
for the three matrix reproductién tasks: -cross .classification II,. > cross .
i, classification I = double seriation, = . - ) - o
The corresponding.comparison values gpg?%he transposition task cases -
\ are shown in Table 11, 1In this instanceé>&lso,- the double seriation .and v
. cross claséi@icatidh I tasks are consistently easier than the cross clags-
- ification II case; although.only the preschool, kinder§arten, and combined
) samplé comparisons of cross classification versus cross.classification II
reach acceptable significahcé levels., This would suggest the following order
Oof difficulty for the three matrix transposition tag;%g cross cia§sification

2

~II > g:gé%’fcl'assiﬁcation Ie= double seriatich,_ '
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- Compamson ‘of the Relatwe D1fficult1es T
- . . of the - .
e Reproducé'ion Versus Transposition Matmx Tasks
. \, ~
-‘l .f t‘ '. ’ . R4 ' -
) . DSR X DST CCIR X CCIT CCIIRFCCIIT
Grade Level - CoL ' —
- * DST - cerT CCIIT .
T Pass Fail ) Pasg Fail Pass: Fail
‘ pass [ 2 | 8| . Rass [10-| ‘6 Pagss | 1 | 1] |
Preschool ’ DSR s . CCIR CCIIR
. Fail | 4 | 26 -7, Fai} | 1} 23 Fail-| 2 | 36 .
, ~ R , L)
Pass Fail Pass Fail ~ .Pass, Fail
K pass |4 | 12]° . “#rass [ 8] 7 pass | 0 | 8|
Kindergarten DSR ° | | CCIR ——— CCIIR
. *  Fail 4 | 20 Fail | 4 22 Fail 3 29
. ' ‘ ; * ' ;l
Pass Fail Pass ‘Fail — - “Pass Fail -
_ «pass |14 | 9|®. pass [14 | 77 . pass [10 | 1m]|?
First DSR . | CCIR CCIIR" -
Fail |- 2 | 15 - PFail.f 1 | 18(” Fail 1| 18
- " , ‘A ] N -
) ' Pass -Fail > Pass Fail . Pass Fail .
. « pass |14 | 15| % pass |18 | 1:{P - pass.|12-| 12| .
Second DSR »  CCIR - «  CCIIR — )
- Fail | 4 |~ 7 Fail | 2 9 ' Fail | 5 | 11
./ > ? " s - .,
i Pass Fail  _ Pass Fail ! .- pass FEail
N .Pass |34, | aaf? Pass | 50| 31|% pass |23 |-32| 2.
Combined DSR 17 - CCIR .. CCIIR . -_ -
K Fail' | 14|68 . Fail.| 8. |'71 = Fail |11 | 94 .
7 . . 3 - - .
ap; <01 ' . ’ R e
~b2 < . 056). ne—ta:.led inference tests e ,
. AR 28 . K ) . . ~—
- -3 . T / . . .
- .- s m -t - < S b - ¥ -




N - TABLE 10 - .

»

Compar1son of the Re]at\ve D1ff1cu1 R\ .
of the . : v ’ /
Reproduction Matrix Tasks

. ' DS X cCI ’ ’ DS X CCII . CCI X CCII
Grade Level . y . 3 -
' : ccI ) CCII . CCII .
. ‘Pass Fail Pass Fail Pass Fail
) Pass | 6 4 Pass 2 8 b Pass 1 15 b. »
Preschool -~ = DS DS — cCc1 , '
an Fail - 10 | 20 Fail | 0 | 30 _Pail | 1 | 23
. ‘ - ) .
Pass Fa Pagss Fail . Pass Fail
- . 1\\ “ E ¢
- JPass 6 10 ¢ Pass 2 14 © _ -Pass 3 12.
Kindergarten ‘DS * DS, = +  CCIL. \ :
‘Fail ) 9 15 Fail 6 | 18 . Fail 5 20
t _ . . L4 é
o Pass-, Fail . Pass Fail /3 ’ Pass Fail
Pass [12. 7 11 . Pass [13 [ 10|/~ " " pass, [11 [ 10] -
First DS . DS - eccr - C o7
: o Fail | 9 | 8 . Pail f8 [ 9 Fail |10 | .,9| -
' p N —
. - N . ) h - . \\}"‘ 4 .
- Pass Pail Pass Fail ‘. pPass Fail
‘ ' Pass [21.] 8] = ° Pdse\\ 19 | 10 Pass {18 | 11
‘ Second DS DS \ cCI .
Fail | 8 | 3}-  Fait | 5 [-6 Fail | 6 | "5
3o .
N - *  Ppass Fail Tow . Pass Fail. =~ . . Pasg Fail
. . °. pass [45 | 33 ;. , Pass 136 |42 b _-Pass |33 | 48|P
Combined. DS DS . - 1+~ cer C
- . Pail 36 46, * Fail 119.] 63: R Fail . |22 57
v , B ) ., . X * " .
wﬁag :‘ 'g;' g two-taj.led inference tests . . oo . C )
. O .
- " ) ) * . 28 - - : -
- oy i = " v :
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[ s o - o . B of -the - A D R . . .
A . . Transposition Matrix.Tasks --._ ; .
=\‘\ ‘Ai \2\‘-;\—' -~ ) . = - . ’ - - z — - - T
S A S et LT = LTl e, ‘ .
— : — — — — . —
T = wsxcer T D§ X CCIT-- - 4CCT % ceII
Grade Leével . T - o e S ;
) ' . ccI .-, eccrm . ., CCII
: 4 ‘: . v / .t
Pass Fail Pass Fail ‘Pags Fail
' ‘pass | 3. 3 ‘Pass -| 1 5 pass | 1 | 10]°

CCI
Fail

Pass v
Pass 5 3 Pass 2 6 Pass | 2 10 b
Kindergarten ps = - DS CCI - )
‘ .-~ " PFail | 7}, 25 Fail }.1 | 31 - Fail | 1 | 27
- , \. ’ -
: Pass Fail pas{Fpatl = pess Fail
> Pass *| 10 6] - Pass 7] 9 ’Pasé 8 7 )
—First —DS — D5 cer’ —
“ Kgfii 5 19 | Fail 4 20 Fail 3 22 N
/ i ) s* |
- Pass Fail Pass Fail Pass Fail A
M L4 — & N «
" Pass |13 5 Pass |11 7 Pass |12 | 8 N
> gécond DS DS 3 A QCI : \
. Fail 7] 45 Fail 6 16 Fail 5 15 )
B r s - , . '
s b ' ! - . (_; ’ v
Pass Fail Pass Fail Pass Fail
) Pass |31 | 17 Pass |21 | 27 Pass. |23 | 3517
_Combined: .. »k-Dsa—- ' DS . ccI . ’ :
B JFail |27 | 85 Fail |13 | 99 Fail [11 | 91| )
RS ] ' 4 .
— AP < WO )pll taiTed inferénce tests - ¢ . k -
5 b2-< \005 ).' . . N i
. . N ‘ c. v
« : 33 -




-the cross classification I and double riation cases, these result patterns "

‘acéordlng to the dimensions in question for each matrix type. The predom-

-~tion I and double sexies tasks agree with the Hooper, et, al. (1974) data ’

LN
i

7 -

For the reproduction tasks, the frequencies and percentages of subjects
exactly reproducing the various matrix arrays are reported in Table 12. For

are in essential accord with the earl& r studies of MacKay et al, (1970) and
Hooper et al. (1974). °*° .

Table 13 presents the number of subjects commztting placement errors

inant error category for cross classification I is the color dimension; °
i.e,, 65.2 percent of the reproduction.and 67.2 percent of the transp081txon
cases (combined grade totals), respectively. In both the cross classifica- .
tion II and double seriation cases there was a tendency to err on the height
dimension; ‘i.e., 66.0 percent (reproductlon) and 61.4 (transposition) for

the former and latter tasks. These results concerning the cross classifica-

and are in contrast tc the MacKay (1970) results.

A final congideration concerns thé possibility that subjects passing the
cross ‘classification I task do so by seriating the color brightness dimension; .
i..,e., yellow red, and blue., As Table 14 indicates, there was no notable - -
tendency for subjects to do so; i.e., only 7.4 percent of.the successful repro-
duction cases and 27,6 percent of the successful transgosztlon cases produced
a rank-ordered brlghtness array. ) .
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- ‘ . - TABLE 14 . ) '
/ . . . B
o ' Number of Subjects Who Passed the Cross Classification I o
- ‘Reproduction and Transposition Subtasks Without Seriating .
on Brightness of Color Dimension B -
/ . . . *
Reproduction Transposition
. No. *  No. ‘Passed: No. No. Passed
Grade Passed Without Seriatind | Passed Without Seriating
Pre | 16 14 11, 6
K 15 12 12 7
1 <21 20 15 12
2 29 29 | 20 17 )
. - % S
Combined |  g; 75 58 42
Grade
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DISCUSSIQN ,

.
-

As predicted, performance on all of theé matrix tasks improvea signifi-,
cantly over the present age-grade range. .The growth of these multiplicative '
logical skills from approximately four to seven years of age is in essential ;:
agreement with previous normatiye research investigations; e.g., Bruner &

* Kenney (1966), Hooper et al. (1974), Inhelder ‘& Piaget (1964), Lovell et al.
(1962) , MacKay et al. (1970), Shantz (1967), and Smedslund (1964) . In rela-
tive contrast to the Hooper et al. (1974) results, the present subject sample-
appears to demonstrate lower average ability levels. For example, the per-

- centage of subjects for the combined sample succeeding on the cross classifi-
cation I (reproduction = 50.6 percent; transposition = 36.3 percent, and
double seriation tasks (reproduction = 48.8 percent; transposition = 30.0
percent, are notably lower than the Hooper et.al. (1974) comparison values;
i.e., cross classification I (reproduction = 64.4 percent; transposition =
53.1 percent) and double seriation (reproduction = 81.3 percent; transposition

= 49.4 percent)v In additlon, in accord with the earlier studies cited above,
the present results indicate a dlstlnct absence of significant performance
differences based on sex.

T ihe notably greater difficulty associated with the t¥ansposition goh=" "

trasted with the reproduction tasks (see Table 9 and Figures 1, 2, and 3)"

replicates the previous findings of Bruner & Kenney (1966) , Hooper et al.

(1974), and MacKay et al. (1970). Additionally, the great majority of '

children who succeed on the matrix reproductlon tagks. produce an identical

array; i.e., for the combined age-grade subsamples 100 percent, 80 percent, .

and 87 percent of the double seriation, cross classification I, and cross

classification II cases (cf. Hooper et.al., 1974; MacKay et al., I970).

The primary inter-matrix difficulty comparisons were shown in Tables 10
and 11 and Figures 4 and 5. These results agree with the primary findings of
Hooper®et al. (1974) with one singular exceptlon! The present relative dif-
ficulty analyses indicate that there is no difference between cross classifi-
cation I and fgouble seriation for the reproduction task set. This case of
equivalent difficulty was not expected, It should be pointed;out, however,.
that none of fhe present inter-matrix difficulty patterns agrees with the
. earlier contentlons of Lagattuta (1970, 1974). .

. Insofar as the double’ serlation and croSS classificatlon I comparisons

are concerned {i.e., equlvalent 1te§ dlfflcultles for both the reproductiou ‘

. an transp051t1on cases), the presejt study supports the original conclusions

of Inhelder & Piaget (19647 In discussing the probable age dependent 'dAcqui-

. . ' sition points for multlple classification and multiple %eriatlon abllféies g

- . they stated: A .
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Chlldren reach an pperatlonal level in the multxpllcatlon
of*serles “ibolt the same perrod (7-8) &5 C€Do85-Glassifi-
. cation. ... . Finally, there are four- prlnclpal "groupings™,
. ' in the logic of classes and relations, correspondlng with
31mple and multiple classification andvs1mple and ;5“
T, multiple seriation. It is a most remarkable fact that, in

splte of the:differences just noted 1n respect. of ease of ’ {

perceptualization, all Four structures become operational '

at roughly the same petibd. There are certain minor dif-
- ferences’dependlng on ﬁhe extent to which the content of
a problem lends 1tse1f.to imaginal representatlon, but
they do not invalidate pur main thesis [Ighelder & Piaget,
1964, pp. 278-279)}.

‘r? .

.

-

Thus, it would appear that the present agsessments (shperior to the orlginal
Genevan results since a w1th1n-sub3ects' measurement desxgn was employed)
serve to validate the structural synchrony assumptlons of érthodox Piagetian
theory - (c£. Flavell, 1971; Pinard & Laurendeau, 1969). h’

’ - Yet, -an examlnatlon of the present overall matrix task array does not
suppo;t thls conc1u51on. If we accept the asSumption that the double seria-
tion, and cross classification II tasks represent two‘multlpllcatlve logical
reasoning tasks which ‘employ identical stlmqius materials with distinctive
1nstructlonal sets and associated different initial arrangement. condltlons,
then the markedly .different task di iculties are indeed notable. There 1s
little qdestlon that the cross cladsification II tasks (reproduction and !
transposftlon) Are the more difficult task settings in the present asSessment
array. Of the 61 subjects for the combined sample reproduction totals (see
Table 10) who passed one task while failing the other, 69 percent indicate

dross classification II to be the more difficult task. A similar case holds
for the more d%fflcult transpos1t1on tasks; i.e., of the 40 pasg versus fail
cases, 68 percent show the cross classification II case to be significantly
more difficult. Moreover, we can tbserve the two cross classification tasks.
In the reproductidn category 70 cases fell into, the pass/fall category (see
Table 11). Of these, 69 percent show cross classification II to be the more
difficult task. Slmllarly, 76 percent of the 46 pass/fail transposltlon
cases indicate cross classification II to be significantly more difficult
‘than the original (MacKay et ‘al. ;s 1970) cross classification case.

- Wong (1975) has Yecently| completed a study of children's number concepts
. at the. preschool, kindergarten, and first-grade levels. Measures of multiple’
classifications and relationality in matrix formats were included. It was
found that the multiple classification tasks were significantly more difficult
.than the multiple relations (seriation) ,tasks and these distinttions were ‘most
notable at the first-grade level. These results are in essential accord with
the, ,generalizations of the present 1nvest1gat1on and the earlier flndlngs of
Hooper et.all_11974) .

The overall.lmpllcatlon of these results points to a probable case of .

lesser general difficulty for multiple seriation (rélationality) contrasted
with mmltiple classification concepts. This pattern is substantidted in a .
number of recent 1nvestlgat1ons of Piagetian relational concépt tasks. .
_Assessment tasks directly based upon the four relational groupemenfh (Plaget,
. 1972; see-also.Flavell, 1963,_pp. 173-195) have.been found to be s1gn1f1cant1y
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less difficult than are tasks derived from the classi

", (Braiperd, 1972; pihoff, in preparation,
The relational understanding embodied in

o

ficatory groupements
Weinreb & Brainerd, 1975).
the traditional transitive

inference task has been found to be a developmentally earlier acquisi-
tion than the counterpart concepts of conservation or class inclusion
(Brainerd, 1973b; Toniolo & Hooper, 1975). Moreover, these differential
difficulties have been replicated in instructidnal studies employ-
. ing transfer of training designs (Brainerd, 1974; Peterson, Hooper, .
Wanska, & DeFrain, in preparation). It has also been found (Brainerd,
,'1975; Siegel, 1974) that ordinal number understanding
. (relatio concept domain) precedes cardinal number mastery (classi-
‘ficatory concept domain). Finally, these theoretically relevant item
difficulty'patterns have been substantiated in a number of developmental
acquisition sequences in investigations employing longitudinal assess-
ment designs (Dihoff, 1975; Gonchar, in preparation; Toniolo & Hooper, o
_ in preparation). . T . .o
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