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o \ o Indlvldually Gulded&Educatlon (IGE) is-a’new comprehenslve system of A
O elementary educatlon. The: followlng'components of the IGE system are in . )
: - .
/ . varylng stages-of development and lmplementatlon- a new organlzatlon for ° . ’ Ce -
! lnstructlon and related admhlstratlve‘arrangements' a, rodel of- lnstructlonal . *
o . ) programlng for the lndlvldu student. and currlculum COmponents in prereadlng. * - N P
L. :eadlnq. mathemat‘lcs. motlvatlon, and envlronmental educatlon. The. develop- .
i , ' ‘ment of other curriculum components. of a system for managlhg lnsspuctlon by
. . computer.zand of lnstructlonal strategles is: needed to complete the system = . _ :1
: Contlnulng programmatlc research is 'requlred to provlde a.sound- knowledge ’ . e -
bas/e for ‘the components under development and- for lmprov d- second generation * :
3. components. Flnally. ‘systematic lmplementatlon s essen al 80 ‘fhat the prod= )
e e ' ucts-will functlon properly-in. the. IGE. schools. T . AP * . o
T.he Center’ plans and’ ca:rles out the. research development. and lmple- o S
- mentatlon components of its IGE- program ln this- sequence: 1. identify-the" . . ‘
needs and dellmlt the component. problem area. {2)-assess the posslble con=. °
. - . stralnts —flnanclal resources and avallablllty of: staff {3). formulate general °
A . -.plansand speclflc proceduf'es for solvlng the problems. (4) secure. and- alto~ .
. . -cate human and material’ resources to-catry- out the plans;- (5) provide: for .
. effeetlve communlcatlon among. personnel and efﬁclent manaﬂement of. activi- LI T
. ) tles and. resources. and (6)-evaluate the effectlveness of. each'activity and . * ’
o . \f o lts contrlbutlon to the total proqram and: con'ect any dlfflcultles tlu'ough feed- ..
v T back mechanlsms and. approptlate manegement‘technlques. . . e
( ‘A, self-renewlng 3ystem of elementary education- ls'pfojected in e‘ach wo Q¢ . B
partlclpatlng elementary schgol; 1. e.. orie whlch is-less’dependent o/ external £+ & - JEEEERY
’ sources for direction.and 15 -more responslve to the needs-of the chlldren .attend- H
‘ing“each’ ‘Particular school. In‘the IGE schools, Center~developed : and -other’. . S
’ currlculum products compatlble wlth the Center s'lnstlictlo,nal pr)gramlng model -, o« ‘
" will- lead to highef student. achlevement and self-dlrectlon in learning’and in - o )
. . conduct and also:to' higher morale and job sétlsfactlon anidng educational per- R )
: sonnel Each developmerital product makes its unique contrlbutlon to IGE as ’ *
e 1t 18 implemented 4n:the schools. The varlous research compo nts add to the .
., L knowledge of Center practltloners. .developers, and theorists . . e Ty
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levels...................

Percentage of subjects passlng the double 'seriation matrlx
reproduction and transposition subtasks at ‘each of:the seven grades

levals...........................l.......

Percentage of subjects pSsslng the® matrlces reproductlon subtasks
at each of the seven grade levels. & . ¢ o v o v v ol oo o o o g

Percentage ogsubjects passing the.matrices transposltlon-subtasks
ateach ofthe seven grade levels R I IR IR R Sy )
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. o A sertes -of ‘Plagetian, concrete operations perfod tasks cealing with clasal- ® Y, . -
- ftcatory concepts was ndmlnistered -to 280 children (40 subjects from each of . ° .. -
" . geven levels--preschool kmderqarten, and first,. second, third, fourth, and. ' . K
-sixsh grades). As antlcipeted, siqnmcant main effectrtqr ags were found- for .o : -
all.the tasks, Few siqniﬂcent sex. dlfferences were observed. Scanng analyses B
" of the pass/'fau pattefns indicated-a generally: reliable-(reproductbtlity coef=, N
-+ .ficlents-of :§1-: +93) order.of’ difﬂculty, .e., free sortind € double' serids matrix * .
L.t reproduc ton < cross class matrix teproduction <-cross-class: matrix. transpo- . . -
-~ . _sitton< “Sbme-All" understandmg < doublé series transposition < produclnq - . R
. three: exhaustive sortings-< class-inclusion understanding < combinatofial e . o
B reasonlng. Factor’ analysls ofa subset of the tasks- indicated- that three. prm- * S
. tipal components,were necessary to accourit for 85% of-the Performance-vair< ' - o
. ‘lan¢e, Thus,.a nonunitary structure was-found. for-the: children's perforinances - 2 -

. across the present task .array. -and age range. In general agreement with the
] . orlgtnal contenuons of'Inhelder and Plaget, it was concluded that the child's .
.. undérstanding ‘of the logic inherent in class inclusion relationships; evolves ) ! .

qradually and, 1s'conunqent upoh the previous mastery-of- certain less complex : R
_-classificatory skills, g N - ;
Secondary analyses ofthe multiplicative matrix tasks’ supported th;@arner T Y

flndings that the reproduction instructional set was- less dlmcult than the s " R
transposition instructional set. In contrastto the prevlous research of MacKay, -~ . e o,
.the-intermatrix. oomper;sons {ndicated the rollowtng orders of diff\lculty for the -
preschool to second-grade subject subsample: (a) reproducuon task=-crods- ) >
<lass > double seriés > class/series and (b) transposition task--cross class = Co ad
double series > class/serles, .However, major methodological deficiericies °
"in- the-present matrix transposition task formats seriously question the task

cdmparabmtles and. therefare preclude any defmiuve generalizations. beoo L

. e"'
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. structural .unlts which subsuime and lnterrelate

»

N Class and relatlcﬁs)concepts as baslc

categorles of loglco-mathemat1cal thought
represent.-an area of primary.emphasis in.the
Plagetian model ‘of cognitive_ developmenu.
In:the. case of:the concrete operational. perlod
of mldcue hlldhood tht’s emphasts follows
- from-a‘co slderat{on of the logical groupings N
N org,mmg_g_tg_ -proposed. by. Piaget. The'se
-superordinate organizations -are viewed as the L.
.ail- ‘logical’ freasonlng durlng the-middle chlld-
hood: perlod {.e., approxlmately S to 11 years
of age. . Four,of the groupements-are concerned
with" logical class&,and four complementary
_‘cases deal wlth loglcal relatlons , "The most
- important-of these include primary additfomof
classes (as evldenced “for example, in the
classdncluston problem), ‘bi~univocal multi-
pllcatlon of; clagses (as shown in matrix- com- -
pletlon or class Antersaction problems), addi- .

‘. tlon of" asymmétrlcal relations (as evidenced

4

-

<

~

in seriation:and: transitive inference tasks,

‘e g, the conclusicn that A-must be less than
¢ C'on some’ dimension, if shown that A< B and

B <-C), and Bi-univocal multiplication of

-rélations (as assessed for example ,(irf the

serial correspondence and double seriation

‘matrix. tasks) -As.may be expectud from a .
. 'stage theory such as:Plaget's, these logical. =
-are ‘theoretlcally predicted to
emerge in’parallel or concomitant fashion
durlng the concrete operations perjod {ct. .
Flavell 1970' Hooper, 1973 Wohlwill, 1963). -
Thus ne would expect deveIopmental synchrony .
to be shown in children’s classlftcatory and ... -
relatlonallty toncept task performances within
" a.general period. .Inhelder and Piaget (1964)
present evidence showlng generally simulta~-
neous acqutsltlon patterns: for classlﬁcauon .
and relatlonallty (serlatloﬂ) concepts. .Each
of these concept domains was seen to be
mastered in a three-stage seq'uence--(l) pre-
.operational, (II) transitional, and (III) opera- il
tional classification and seriation-~over the
-~ . . . .
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approximate a,ge range of 4 to 10 yedrs.
Tasks derived from. the addttlve grouplngs
were found to be of approxlmately the same
difficulfy as.those based upon'the multipli-
cdtive grouptngs: «
Classes as objects of interest to the
developmental psychologlst.may be vlewed
in two mutually complementary ways. As
Flavell (1970) has pointed out. »

The entitles called "classes" have a
.+dual status in Human cognition. On*
the one hand, they are usually re=
garded asg essential ingredients. of
the thinking process itself. , Parti-
cular classes are constantly being
retrieved of- constructed by the in- -
dlvldual and pressed into service as )
conceptual vehicles or instruments.
On’the other’ hand,- .clagses can also
constitite abstract objects of thought.
The individual may, in addition to
utilizing particular classes in his ..
everyday thinking, have explicit or -
implicit knowledge of the loglcal -

Y

4

properties of classes and classifica- -

tion systems in general. The dlstlnc-
tion heré is between classes ‘consid®
ered as cognltlve tools and classes

- taken as the elements of a subject ~ .
matter or body of knowledge--, ™
between the classes the subject
knows and what Re kiows about
classes [p. 991]. )

It is clasélficatory knowledge in the sense
of general logical systems and associated
properties, rather than classes as isolated
conceptual units, which constitutes one
of the more unique’ co‘rﬁxlt::ltmns of the

Genevan investigaters. o criterial

properties of classes are emphasized by the °

the Plagetians: class {ntension and class

extension. ‘Class intension, the qualitative:

-

-
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'as'p‘ect «of classificatory logic, refers tqr'the
array of propertles that are unique to all mem-

. obers o£ a glven class and-thus serve to dis-

-6

.
H

““tinguish that class category from all othets. -
* {n a-sorting task util{zing'geometric forms_,
these_ intensive properties could. typically
. include the anrlbutes of shape, color, and
sizes Extenslve properties refer to the guan-
titative aspects.of classificatory. loglc. Y-
the differential maqnl,tude felationships. implied

+in_ superordlnate/s ubordlr&te class systems.’
This is usually assessed by presenung\the

ubjec’t with a mixéd-stimulus array (in an

E abstract verbal or c0ncrete perceptlble pre-
gentation format) that contalns a»hle,rarchy of
classes and subclasses. Quesuons dealing
wlth the relative magnttudes of .class éxemplars
present and focusing ubbn such- quanmatlve
terms as some, afd, and_gn_e are then a§ked.
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In terms of a.matute classificatory logic, the
the class propertiés of intensiqn and extension.
cannot be-viewed Ip isolation. from each: other..
It is"the _cgg;_dmnmn of these intensive and
extensivel propemes that defines ‘the présence

of logical classlfu:atcry ablut'res for the con-

y

" -crete operdtions period. As Inh&lder and

- v

[

Piaget (1964). state. NP
We will therefore pose the following
as criteria for the operational éxis-
tence of classes:’ (1) The subject:-
can glve &n intensive definition of
‘a class in terms of a more general
clask and one or more specmc dif-
ferences. (2) He can handle their . 7
' _extenslon ‘in accordance with the
stmcture of inclugion, as shown in
tﬁe mas‘tery‘of. the- quantifiers -"all, "

"some,"-"one, “a\nd"'none" ip. 7). . -
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~ and Piaget (1964) and Piaget (1965) concern=

-

tg-the child's abilities to deal with the
special properties of classes within an over-
all logical system haye been generallf sub-
~stantiated in subsequent replication attempts -
(e.g., Elkind, 1961; .Hood, 1962; Kofsky,
1966; Lovell, Mitchell, & Everett, 1962;
Siegel~& Kresh, 1971; and.Smedslund, 1964).
These studies dealt with the abilities asso- -
clated with the additive properties of classes
and subclasses as indexed, for example, in
the "Some-All" and class inclusion tasks;

the ability to form and recombine class-
subclass relatioaships, e.g., horizontal
reclassification and hierarchial clas slﬁc‘ation
gkills; and the ability to view objects as
potential members of mulciple class categories
and fo "multip!y" classes as measured in the
matrix type task (cf. Flavell, 1970). It should
be pointed out that these sevoadary studies,
despite certain methodological reservations
(cf. Klausmeier & Hooper, -1974), are'supe-
rior in general assessment design to the orig-
1nal Genevan research. Most of the secondary
replication endeavors have administiered all of
various classification tasks to the particular
age-, graded subsample of children examined.
This was not trge ‘of the original Piagetian

X asse_ssments, nd any primary assertions re-

-garding concept task acquisition sequences,
relative task difficulties, and developmental
.interdependencies are accordingly open to
question. !

Kofsky (1963, 1966) has provlded an ex-
céllent theoretical discussion of classification
skills, from the Piagetian orientation. She
supmarized the views of Inhelder and Plaget
(1964) regarding the componet behaviors
found in the preoperational and concrete oper-

" ational periods which culminate in ciass in-

clusfon ski''- as follows:

On the basis of their hypotheses, devel- -

Preyious Research
/ .

.Q' ) e

opment appears_to proceed in 11 par-

tlally ordered steps. They contend

that "lasslﬁcatxon begins when, the

child groups together two objects that .

are equivalent because they look alike .

. in some way- (resemblance sorting). As .
the child growsghe learns to extend the
scope of his grbuping from two; to more
than’two (consistent sorting), to all the

' objects that could be considered equ{v-
alent in some respect (exhaustive sort-
ihg). The child also learns Which are"
acceptable categorlefs for grouping.

- Physital proximity beéomes a less
favored means of categorizing since the

* resulting groupings are transitory (con-
servation). Experience’in constructing
one class at J time prepares the child

for forming successive and simultaneous

classifications and for understanding

class inclusion. Slowly the child hegins
to recognize that objects do not belong

exclusivety in different categories (mul-
tiple-class mempbership), and he actively

tries out different groupings of objects .

choosing flrst one and then another single

attribute as a focus for grouping (horizan-
tal classification). As his logical abili-
ties develop, his methoa* of choosing

criteria becomes more complex. He .

chooses single attributes to construct 3

successive classes (hierarchical classi~

fication). His use of comhinatorial
structure (Inhelder & Piaget,\1958) en- :
ables him to form classes that stand in

an inclusion relationship to each other

{1966, p. 192].

Kofsky designed 11 experlmental tasks to
assess the hypothetical classificatory acquisi-
_tlon sequence proposed by Inhelder and Piaget
(1964) and administered these tasks, in a cross=-
sectional assessment design, to groups of
children 4 to 9 years of age. The children's n

7
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Aruitoxt provided by Eic:

blocks, all the blocks shared
ane attribute (shape) but that

performances indicated Ehat six levels of
classificatory logic were' present in the fol-

. lowing order of increasing task difficulty: . o any one of the blocks had an
. . o ’ ’ «2dditional attribute (color) shared
Level 1--resemblance sorting and consis- - * by only some of the blecks in ~
tent sorting, 1.e,, the ability'to s view.
. match and sort objects on the et .
¢ basis of perceptible attributes; ‘. Thuas, Kofsky folind a general seéuence of
! o classificatory skill acquisition across the 4-
Level 2--exhaustive sorting, in.which_all . - to 9-year—|old age range. There w_as"evidence ,
blocks sharing a common attri~ " however, that alternative task mastery sequen-
bute were separated from a mixed ces were present since only 27% of the sub- ,
array, and an understanding of jects (51% when three tasks were deleted from
“some and all" relationships the analysis) passed all tasks up to a point in
(i.e., after présenting an array - the predicted order of dlfficulty and failed the
of nine blocks which consisted remainder. Despite this reservation, Kofsky [
. of four blue-squares and two blue* Jresults (see also Allen, 1970) indicate that
triangles, and three red triangles, classificatory competence is certainly not a :
the chlld was asked a series of .discontinuous “all or none" phenomenon when
. - questlons such as "Are all the ' viewed within the usual agé confines of the
triangles ;ed"") concrete operations period. The most difficult
' i . tasks, class inclusion and hierarchical clas-
Level 3--a knowledge of multiplé class sification, were respectlvely passed by only

membership in a task setting 60% and 40% of the 9-year-old subjects

* which included triangular-shaped The xmportant problem area of develop-
blocks which varied in two sizes mental synchrony or concurrence as postulated
. . and two color dimensions, and by the structural characteristics of the logical
) an understanding that the overall . ‘droupements s of the middle childhood years has
) number of objects in two sub- ’ received limited attention in the secondary’
classes equals the number in the - Plagetian research literature (Braiperd, 1972;

Klausmeier & Hooper, 1973) As mentioned

superordinate class; )
above, Biaget maintains that additive end mul-

Level 4--conservation of classes in which tipligative concgptual abilities, within and
. the child had to continue to asso- acrdss the class and relauonallty domains,
’ B ciate a nonsense syllable label are parallel acquisitions. Kofsky's (1966)
’ with a specific geometric form in'’ *  gequence of classificatory task mastery would
spite of irrelevant transformations, appear to argue against this viewpoint. Dif-
- »+ conservation of a class hierarchy ferential task dlfficu].tieé for partial versus
{i.e., with an array of two blue” complete multiplication of classes (the former
and cix red square blocks the was easier) were found by Findlay (1971).
chilg is asked, "If I took away . Some studies which have compared class in-"'
ali the reds, are there just blues clusion and multiplicative classificatory task |
- left, just squares left, of both performances have found the latter fo be of
’ blues and squares?"), and:hori- lesser difficulty (e.g., Kofsky, 1966) while
zontal reclassification in which some have found it to be of greater difficuity
‘ an array of triangle and ‘square le.g., Smedsiund, 1964); others have found a
' shaped blocks in four colors were decidedly equivocal picture (e.g., Wohlwill,
*  sorted and'resorted according to 1968). A recent metnodological analysis of
the differing potential criteria; - the’soyrce of children's class inclusidn errors

(Brainerd & Kaszor, 1974) has shown that per-
. Level 5--class inclusion skills which were . Ceptual set factors (cf. Ahr & Yquniss, 1970;
assessed with the same stimulus- Wohlwill, 1968) and misinterpretation of the

array as the "some and all" task, . criterion questions (cf. Klahr & Wallace, 19.72)

e

»

and asked the child questions are not significant determinants of class in~~  ~ 7
. such as "Are there more triangles clusion performance. Class inclusion under~
or blues?"; and standing was found to be a rather late-appearing
g concrete operatlonal acqu)sidon
Level 6--hierarchical classification skills 4 Relatlvely few:ostpdles (considering the
in which the child hag to demon- 4~ overall impressive volurie of Plagetian in-.
strate that in an array pf four red spired research) have attempted a direct - °
and three blue triangle-shaped empirical assessment of class and relation
4 . , .
&' ‘
4 - ) ’
. ¢ .

'

N

il




%

concept correspo*xdence for children m the con-
crete operations period. Those that have exx
amined chlldren s performances on more than
two relationality or classification task domains

(e.g., Brainerd, 1972; Chittenden, 1964;
Lagattuta, 1970; Lovellset al., 1962; MaéKay,
Fraser, & Ross, 1970; Nassefat, 19¢3; Shantz,
1967; Smedslund, 1964; Wohlwill, 1%68; Wohl-.
will, Devoe, & Fusaro, §971) have a mixed but
generally nonconfirmatory picture insofar.as
_developmental synéhrony is céncerned. In

those cases where moderately high-degrees of ! .

interrelationship were found, as in theemnulti-
plicative class and relations tasks Used by.
Lovell et al, {1962), Shantz (1967), and
Smedslund (1964) as well as in the original
performance similarities reported by Inhelder
and Piaget (1964), the inferred ability com=

- monalities may be confounded"to an unknpwn

extent by shared methqd variance (cf. Shaniz.

1967, pp. 133-135).

Smedslund (1964) found that
sample of 180 children. ranglng in age‘from/l
years 3. months to 11 years 4 months, only one
subject failed a clas¢ inclusion task and
passed measures of multiple ctassification and
multiple relationglity. In coptrast, 21.9% of
the subjects passed class in&luslon and_failed:
multlplicatlve classification; 24.4% paSSed .

5 intlusion gnd failed relationality .* Al-
tho gy comparisons were not presented for
Separate age groups, the multlpllcatlve class
and relation tasks were of approxlmately equal
difficulty fof the overall sample, i.e., 81% of
the children either passed both tasks or falled
both tasks. Shantz (1667) compared the per- .
formances of children 7 1/2, 9 1/2  andg 11 1/2
years old on multipiication of classes {assessed
by the Raver Colowred Progressive Matrices

Test), multiplication of relations assessed by
using the "diagonals" of 4 x 4 matrices based
) on various. continuous dlmensions) and mul- ®

* tiplication of infralogical spatial relations

(assessed in an adaptation of Piaget's land-

scape, task). Significant rank order correla-
tions between the multiplicative class and
relatioral matrix tasks were found for the two
older subsamples. N

In another cross-sectional assessment
design, study, Lagattuta (1970) examined chil>
dren's abilities to deal ‘with unidimensional
elassification and seriation (relatlonallty) &nd
matrix format maltiplicative classlﬁcatlon and
sertation tasks. It was foungd that ‘a child
first develops (5 1/2 years of eez!:) the ability
to classify a simple arrangémeht; somewHhat
later (5 1/2 - 61/2 years) the child can suc-
cessfullv deal with.a multiple classificatery
matrix, Concurrent with tnis latter acquisi-
tior.. simple serial skills develop (6 1/2 =

8 1/2 yegrs of age), while the ability to suc~ -

»

ut of a total _ *

N
o

ceSSfully or.de‘ a serial matrix was shown by
the older subjecLs (8.1/2 years) enly. It was
tentatlvely concluded, in apparent contrast to
Inhélder..and Piaget (1964), that classificatory
$kills develop independently of and prior to
seriation skills.
. MacKay et al. (1970), drawing upon the
earlier work of Brunér and Kenney (1966) and
Inhelder and Piaget (1964), compared the rela-
tive difficulties of multiple classification,.
multiple seriation, and combined class/serles
matrix tasks foggroups of children S to 8 years
of age. Each chlld performed on one of the
tasks and was requlred to reproduce and to
transpose the presented matrix. The cSmpari-
sons regardlng muitlple classification and
serlatlon were dcrived frgm an initial experi-
ment involving 90 children, While second
expenment aksessed performance f an addi-
“tional group of 98’ children on' the class/series,
~matrix. As anticipated, performances on all
the tasks improved significantly cver the age
interval assessed. Matrix repreduction was
easier than transposition for the 'nultlw seri- -
ation ard mult{ple class/series cases. and this
was most notable for the younger (5- ‘0 7-year-
old) subjects. Combining data from tae two
samples it was shown that reproddctlon of a
multiple seriation matréx was more difficult
thap reproduction of a class matrix which was,
in turn, more difftcult than the class/series
case. Transposition of the seriation matrix
+ was of greater difficulty thah either of the +
other matrices’. Transpositlon of the class and
combined class/serles task was of approxi~
mately equal difficulty. It was concluded that:
A .
1. The ability to construct a matrix com-
posed of discrete Categories is de-
velopmentally arr earlier acquisition
than the ability to construct one-com-
posed of refational variables..

. <
2. A mafn%;:ompOSed of discrete cate- B
gories Tn both directions is of equiv~
alent difficulty to one canstructed
of discreté categorles in one direc~

tion and a relational variable 1n the
_other.

"

<

<
S

3. A matrix composed of discrete cate-
gories, is no more easily reproduced
than it is transposed, while matrices
where either one or both variables
dre continuous are more easily re~-
produced than transposed. -

4. The great majority of children under

Y cach condition-who reproduce the -

' matrix do so as i is presented [MacKay
et‘a’}’.:2 1970, p. 795].
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" -Relatively few studies have employed

lopgitudinal assessment designs in the inve.;- .
tigation of Piagetian classificatory skills.*
Dudek and Dyer (1972) examined children's
o performances on a variety of Piagetian tasks

: from the kindergarten to third-grade years.
"Utilizing the stage scoring systef: of Lauren- .
deau and Pinard (1962), they.found that 71%
of the children at the kindergarten level demon-
. strated,stage 1B functioning for the class in-
cluaion task. At the.first-grade level apRrox-
1mate1y equal numger.s of childres: were found
to be at stages 18, 2B, and 3B. The secqnd-
and third-grade assessmefit intervals indica~
ted 59% and 82% of the &b.ndreﬁ, respectively,
to be functfoning at the highest.stage 3B level -
for the class inclusion task. Ih a contlnuing

1ongttudinal study, Stevhens (1972) has as- -

sessed the reasoning, moral judgment, and
” moral conduct of normals (I.Q.%’O‘-llo) and
retardates (I.Q. 50-75) aged 6 to 20 years.
The norma) subjects' average mental age (@5~ .
determined by the Weghsier Intellicendzs

o __Qalgs_) for criterial performanCe on a class®

intersection task wa's 6 years. Adequate per-
formance on the majority of the class inclusion
-tasks, in contrast, was not achieved until

- [ .
fental ages.of 7 to 8 years were attained. -
Q R . . ) [ )

[ K &

B

Q N

. The most difficult class inclusion task (a for-

_ dren's spont,aneous

mat consisting of four cards, each of which®
pictured a duck,. and three additional cards,
each of which pictured 9riother‘b1rd7~"Are there
mord ducks or birds on the table ? “)+indicated
a.corresponding mental-age of 16 years. N

.  Wohlwill et al. (1971) included sponta-
neous nguping/cl’assichatlon class intersec~
tlon. and class inclusion tasks in an investi- B
.gc.tlon "of concept development in children _\/
aged 5-to 8 years. There were three assess- ¢
ment points over an 18-morith time interval. ¥ .
Qver this age range and time interval, chil- .

g}mupmg on a block place=~

ment task showegd an 1ncreased reliance upon
categorical rules and relationships. On the
class intersection task, ngnlfzcant increases
in the number of correct choices and the num-
ber of dimensisns verbalized in describing the
stimulus arrays were found. For the class
inclusion tasks, in centrast there was a
notable lack of consistent older versus younger

/

Subject performance differences over the three .

test gogasions. Pictorial presentation formats
were consistently more difficult than verbally
presented class inclusion tasks (see also

Wohlwill, 1968). . :
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. The Present Investigation : )
\ v - ° Q

’ The present: invesugatio?u is concerned
with th classlﬂcatory abilities-6f 5- o 12-7
year-ofd children. The classificatory abilfty
domaih‘was assessed by tasks measuring
sortlnq, "'Some-All " relatlonshlps multipli-

-

.clusion, IR an attempt tc replicaté the find-
ings of MacKayt(lQ‘?Z) and MacKay et al.
1970), a mieasure of multiple rélationality

(double -serfation) and a comblned -clas_s/
series matrix were included. In addi
measure of combinatorial te soning was ad-
~ "‘ministered to-all but the younge group of * k
children. The primary objectived of this study
were (1) to’'examine:the develqpment of repre-
. sentative clagsificatory skills from 51012 ~
. years of age, (2) to examine the relative task .-

a

L

difficulties atid agsociated task interrelation-~’ o, !

+ ships over this age range, (3) to examine the
"dimensipnal structure of the present Plagetian
& “task series, and (4) to examine the relative® .
. difficulties within the matrix task formats «
R (1 e. . reproduction versus trahsposition) and
" across the various mdtrix types.(tr.e., cross ,
classification versus double seriation) to
“assess the reliability of thé results of.

et

MacKay et al'." (1970). : .,
1y . . : A o* .
Method » o ST

o p . .
Subijects

Subjects for the study were 280 school ’
children from the. Watertown:, Wisconsin, _,
school district. This school district has a
populatién of approximately 21,000 pefsons X
and encompasses (1) the city of Watertcwn a
prosperous sémi=rural communlty 40 miles e
northwest’of Milwaukee, and (2) the surround-
ing farming area. Porty Ss were drawn from
each of seven grade lévels: preschool, kin-
dergarten and first, second, third, fourth,,
and sixth grades. Distribution of the subject

.- o~ s R L
v

. ¢ . .
. '\ “ . 47 | A | - ;.

! population by age end sex is given in Table I, *

The<freschool subsample gonsisted of childrsen° *

enrolled in a private nursery school in Water-,

town." The remainder of the sample consisted
** of childr n em:ol}ed in the Watertgwh public

. schoql system. At the preschool level, chil-

dren\were selected randomly from the, entire;
populauon of the school. .From each® 'other V.
grade level, the Ss were randomly delected- !
' from those children retprning parental’congents
. slips.- - f. h

-
» ~ ,

AP

w R - &
Procedure
\ -

Eight tasks were adapted to assess the 4 *
development of classification,apd relatgd ... :
skills ! These tasks were divi8ed into four -
« gdain groups: Group I (Free Sort Dichotomies) .
Group II*(Some-All, Class Incluslon) Group III

(Cross Classification Matrix, Classification M 1

Seriation Matrix, Double Serlation Matrix), &nd

Group IV (Combiratorial Reasoning) The order
of p?esentation of thesé groups was 5andorﬁlzve )
for each S. Within G'roup I, the order was’

fixed: the Free Sort task always preceded the,
chhotom!es. Within Group Il.as well as wlth—
in Group III," the.order of task presentation-was
‘randomized. One half of the-children at the *
presci¥p! , kinder@farten, ‘and-second, fgurth, _ .

o« '* v

-

l'I‘he eight tasks used in the study were- .
pilot tested with a samplé of 23 ghildren
ranging in age-grade level from preschoql to |
elghth grade.. This provided essential fami}i-
arization experiences for the project assess- .

meént personnel. Bas&d on this pilot study, »

decisions were made-regarding which grade |
Jevels.tq include in the final study and which
tasks to present at eacly gradeevel." In addi-
tion, certdin procedural modifications' were in-
dicated for each of the respectlve task iorma!ts.

*
H 1)
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Plagetian task series first and a task based
on the conceptua‘Llearning and development
(CLD) model second. For the remaining sub-
jects, this ordér was reversed Subjects
from th klndergarten and ﬁrst second thlrd
. fotrth, and sixth grade levels recefved ail” *
the tasks in the battery. Becduse pilot data
o lndlcatea that preschool.children did not un-.
R derstand the instructions for thé comblnator-
ial reasoning task, the preschool Ss did nat
recelve that task‘. A . =
* As a rule, Ss received the entire battery
of tasks in one sitting., However, due to
scheduliny interruptions, it was necessary
for a number of Ss to receive the battery in
two slttlngs.
battery ranged from 22 mlnuaes to 60 minutes.
The Es were 3 males and'l fémale al% initheir
twenties. :

-

2

4
cqr

~

The administration’ tlme for the '

.

2[t should be pointed out that the present
stu..y served.as g pilot to a larger-scale lon-
gitudinal lnvestlgatlon (Hooper & Klausmeler,
1973) reélating a more comprehensive array of

° Piagetian tasks to a serles-of tasks based on
the model 'of conceptual learning and develop-
ment.

' | 8-

. Material.3
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. > Iy Table | y% -
. L . . . N .
DISTRIBUTION OF THE SUBJECT POPULATION BY GRADE, MEAN AGE, AND,SEX - '
L — S - ° * ’ ) - " ' t
T Graée " Subjects Males - Femaies Mean Age Range ",
Pre 0 - 23. 17 5-0 . 41050 .
) TKe.ct 40 - 23 17 6-3 5-6t0 6-9 . .
1 4 - 21, ., 19, 7-3. 6-8 to ) 8- 1
. A e -~
o2, 40 |, 23 17 82 7-9 to 8-9 \
™ . - ¢ H . . D
3 40 0 16 24 9-2, 8-9 to 9-9 °
NS .
VL 4 40 15 >~ 25 10-3 9-6 to'11-9
Y 6 - 40 25 15 12-2 11-7 toi3-0 =
. o ~ ' hd - . -
. . . o C, A LT
s N . “ . . -
and slxth grade levels received the entlre .. Assessment Tasks . . ° P

.

“~The materials and procedures used in the
elght assessment tasks are summarlzed below.

~Complete instructions for these tasks are pre-

sented in Appendix A; scoring sheets are giveh

L in Appendix B -

‘1, Free Sortlng‘(adapted from Kamii & Peper,

1969)

small red cirgle blocks
small blue circle blocks
small red square blocks
small blue square blocks
2 large red circle blocks
3 Targe blue circle blocks - ,©
\ 3 large red square blocks: ' -~
2 larg blue square blocks

wwww

.

3Throughout the descriptlons of materlals,
"small" (circle, square, tgiangle) refers to a
block with a circumference of 204 millimeters
and a thickness of 10 millimeters, "Large

. (circle, square, U}angle) refers'toa _block
with a circumference of 308 millimeters and a

thlckness of 10 millimeters,, -, &




. ongogdu_z_e_- The blocks were placed before S
a in a scrambled fashion so that the different
classes were scattered throughiout the arrange-

.ment.. E made‘inquiries about the hlocks until
‘s had verballzeo all relevant distinguishing
attrlbu‘tes. This'done, E instruéted to "put
together all the blocks that go with each
other." When finished, 8 was asked why he
grouped tliem as he did. Scores on the task
ranged from0~3 A subiect was consldered
to have p‘assed this task f his grouplngs were
based upon size or shape or color (or any, = *°
comblnatlon of thefnl as criteria; thus scores
ranglng from 1 to 3 were considered passing

' .
v _mggd_gr_e. For the first di¢chotomy, .S was .,
Y instructed to divide all the’blocks ‘into twor
‘bunches by placing one kind in each box. '
When. S:shad- finished, he was asked to explain
the way he divided the blocks. For the second
, . . and.third dichotomies, this procedure was re-
. peated; each time E asked.§ to divide the
. ‘blocks in a different way than he had done
A ‘before. 9fduring these thrée dichotomous
sorts, $ had dichotomized’the blocks accord-
\\lng to two of the three acc¥pted crlterla (size,
shape; and color), he was presented with a
fourth sorting opportunity. Scores on this
task ranged from-0 to 3. A subject was con-
sidered to have passed if he dlvlded the Blocks .
’ " by slze by shape, apd by cdlor. Therefore,
. % a score of 3 was desfgnated a pass for this
* task. o

-
“u

] . ,
- 3. Some-AlL (adapted from Kofsky, 1966):
' Materials.

LN : v
. 3 small rkd triangle blocks

2 small blue triangle blocks $
) 4 small blue square blocks . .
~ .l Q °

%

T Procedure? -The stimuli, all orlented in the
sam@ dlrectlon were placed ori the table.
The red blocks were mixed in with the blue as .
N were the triangles with the squares Prior to
the trial quegtlonlng, warm-up inquiries were
made so that S verbalized all attributes dis-
tinctive to the classes. The four trial ques-

. * tlons were then presented.

,  levelon this task. -
2. blchotomles (adapted from Kamil & Papers
71969) . ..
Mgtgr"lalg Stlmull were the same, as In the free
free sortlng task, supplemented with two flat
. open boxes, each about 9 Inches x 12 inches.
7 One box was placed on’ each slde of the group,
& df mlxed blocks. . S

N ’ ]
. 4 1, “Look at all the red blocks. . . . . '
> Are dll.the red blocks triangles?" o
- 2. "Look at all the triangle blocks. . .~ Do
Are all the triangle blocks red? " ;
3. "LooR at all the. square blocks. . .". . N
. Are all the square blocks blue?" . '
‘4, “Look at all the Elue blocks. . . . "

. Are all the blue blocks squares?!
Thesegquestlons were asked In random order.

For the last two questions presented, S was e
asked to justify his responses. Throughout , I -
this 'task $ was not permitted to manipulate™ ! *
the blogks: , Scores ranged from 0 to 4. To o

. pass thls task, a subject wa$ required to . -
answer all four trial questlons_ correctly . , M

. /

4. Cléss -Inclusion (ddapted from Kofsky, 1966). .

' -

_M_a_tmal,s- T e, .

3 small red triangle blocks :
2 small blue triangle blocks - . ; °
4 small blue square blecks .

'~ 3 small yellow circles .

‘+ . 2 small blue circles ’ R .7 |

o / B N
_i'_gge__u;g This task consisted of five trials '
présented in a _fixed order. Stlmull Coi't the . . .

*first trial.were three small red trlangle blocks ’ ¢
and two small blue triangle bloc& . The ques-
tion was, "Are there more triangke blocks or - 5 |
more red blocks?" Stimuli for the second <. |
trial were thgee small yellow circle. bloéks . - .o
and two small blue circlg blocks. ' The ques- £ ‘

. tlon was, "Are there more blue blocks ot more v

circle blocks 2" Stimuli for the fhlrd fourth ' .
and fifth trials were three small red trlangle
.blocks,. two small blue triangle:blocks, and - §-
four small blue square blocks. The questions R
were, {3) “Are there. more triangleblocks or . .
more red blocks?“ (4) “Are there more blue ; s
,'Blocks or more square. blocks ?)' and 15) "Are
“ there more blue blocks or more triangle St
blocks?" For each trfal, ghe blocks were .

“ blaced Such thdt the clas§ attributes followed '
no apparent order. For trials ¥, 2 and 3, E
labeled the, classes and asked S0 count the
members in each. Following S's answer to

“each of the last three triats., E asked fora -
justlflcatlon. The score range was from 0 to

5. To pass, a subject s requirgd to answer . . ~
all the trial questions chrectly. ’

o~

5. Matrices (adap.ed from MacKay et al. ,.1970).

Matgglals.' Pach mafrlx was arranged'-on a . .
square wgoden board’sectioned so as to

produce nine tndividufl squares, each 110 - ]

x 110.millimeters: . v . ’
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a. COrogs Clgggjfjcg;jgg am i
Stimuli were three small square blocks, ’
* three small circle blocks, and three;
small triangle blocks. Oné block of
each’shape was red, one was yellow,
and one was blue. The blocks were ar-
rayed on the color and shape d'lmenslons.
Clas on S on Mat
Stlm‘ull were nine cylinder blocks, each
havlng,a diameter of 65 millimeters:
three were 100 mllllmeters high, three
were 75 millimeters high, and thres'were
50 millimeters high. One block of each -
helghtwas red, one was yellow; and one
was blue. The blocks were arrayed on
the color and height dimensions.
¢. Double Sg[jatjog Matrix
Stimuli were nlne cylinder blocks; three
were 100. ml'lllmeters high, three were
75 mlllimeters hl,gh and three were 'S0
millimete?s high. One block of each
, helght had a tiiameter of 100 millimeters, )
“one was 65 millimeters in dlameter{ and
oné was”35 mllu’meter;s in diameter.s At)
the- cyllnders‘were blue, The'blocks ,
were arrayed on the wldtb and height -
dlmen ions. o
-~ .
Procedure. The three matrlx tagks were, pre-
sented in random order.4. For each matrix,.Ss
were asked.toperform, in “a fixed' order,.the
tasks qfreplacement reproduct:ion, and °
transposltlon. Instructionstwere identical
for each matrlx. .

i o

L
o=

°,
« -

-

r e

d L

a. Replacement. . .
E removed first ont, then two, and floally =
three (diagonally. placed) blocks from the °
matrlx, and each time $ was asked.to put
them bic‘k where they were before E re-

a4
moved ;

em,
ctioh..
E removed all the blocks from the matrlx
and 8 was asked to put them back so the
b5ard’looked just thle same as 4t did be=
.fore E removed them.'
'Transgogm .
moved all the blocks from the matrix
and then placed the block that had origi~
nally occupled the lowes left-hand 'square
on the upper left-hand square. S wag then
asked to place the blocks on the board s¢
they made 4 "pattern like they did before "

-

°c
o

8

.
’ L

Scores on each reproduction and each
transposmon matrix subtesk ranged from
0 to 4.. For each reproductlon and transposi-
tion subfask the child was given a oolnt
score’of 0, 1, or 2 on each dlmenslon.
1

‘t

-

-

-

/

-

i

' Kentical placement of columns was as'slgned
2 points, as'was the identical placement of
rows. Reversed (or lnterchanged) placement
“of columns was assigned 1 point, as was the
reversed placemént frows. Inconsistent ’
placement of columns was assigned a point '
score of 0, as was the inconsistent placement .

* of rows. In order to pass thé cross. classifi-
cation matrix reproduction sibtask, a subject
was required to classify one dimension in one

~ diréction and the other dimension in the ot
direction, In order to pass the classlflcatlon
seriation matrlx reproductlon subtask, a sub-
ject was requlred to classlfy the color dimen-
sion in oné direttion g‘nd to seriate the hel_ght
dimension in the other directlon. Ih drder to
pass the double serlatlon -matrix reproduction-.
subtask a subject was required to serjate,
one dlmenslon ln one directlon angl the other
dlmenslon in the otker dlrectlon. In order to
pass each of the transposltlon subtasks a u
subject was reguifed to fulfill the same criterla
as for the reprodu&tlon cases without moving

. the repfaced block. 2

v

.

. ®

P’
.
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6. Combinatorial Reasaning (adapted from * v
) Ggodn'gw, 12@2) - E :
1 i '
q H L

Materfals. .MLM 65“ counting chlps each
“chip the size of a nickel: "10 red, 10 green,
10-yellow, 10 blue; 10 white, 10" orange,
10 brown 10 llght Blue . ~ .

DR

Q-

-

I

P;ocgdg[e “E explalned that in thls game S

, was ‘o use the chips to make pairs of different

~t

. “colors. Using three-groups of chips (each. .
_group a .different golor) E explained ‘and demon;-
strated the two rules Of the game: - (1) each
palr must, have two colors gpnd :(2) each new

pair must bé a combination 6f colors not yet
formed‘ E then placed on.the table four dif-
ferent color plles of chips and asked § to form®
as many pairs as posslble ustng thelse colors.
When § flnlshed the chips were returned to,
thelr piles and S was askedto do the samé

with chips of six different’ colors.. Subjects -
who satisfied thé criteria of formlng 12 or’more
correct pairs, and who had no more than four
repeated palrs, were given two new colorstand™”
asked to contlnue making as many pairs as
possjble. Scores ranged from 0,to 28. The
total correct pairs formed were Calculated by~
subtractlng the number of repeated pairs from
the number of dlstlnct pairs a subject formed.,
A subject was considered to have passed if
the total correct nairs equgled 28, and a 'sys-.
tematig,approach (cf. Goodnow 1962, pp. 6-7
and 15-17) was used

>
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_Primaiy Resuits

* cross classiﬁcation transposition, tasks,

Results . . C

»

“ 4
Initial Consideration’s - .

Initid]l considerations concern the eval-

uation of certain order of presentatjon effects.

As indicated previously, one half of the pre-
school, kindergarten, and second-, fourth-,

and sixth-grade sublects received the entire \

Plagetian task seriew first and the concept

task serles based upon the CLD model second.

For the remalnlng subjects, this order of pre-
sentation was reversed. Irsofar as the
Plagetian task array is' concerned, there was
a notable absence of any significant présen-
tation order effects with the exception of two

cases. In the.free sogting tagk, subjects who'+

initially reéeived the Piagetiah task battery

significantly outberformed (mean score = 2. 38)

‘the comparison group (mean score = 2.06).

Conversely, subjects who lnltﬁlly received
the CLD model "equilateral triangle" contept
task weére superior (mean score = 2.03) to the
cofmparison group (mean score = 1,58) on the
dichotomies task. Comparison_ of the scores

of those subjects who.received the "Some-All"

task before the class Inclysion task (N = 139) |
to the scores of subjects who received these
tasks in reverse -order’ (N =141) failed to.re- _

veal -any signilicgnt differences on the respec-

Jivetasks, Ip similar fashion, a post factd

comparlson of the average scorés of subjects .
" on the three matrix tasks falled to ihdicate

any, significant differences due to ‘the slx .
posslble different presentation orders for
elther the reproductlon or transposition
measurement formats.

-

& ) . .
. The general performance patterns of the-
individual age~grade subsamples and the
overall composite sample are ptesented in .
Tables 2 and 3 {means and standard de¥ia-
tions) and in Tables 4 and 5 and Figures 1 to
7 (percentages of passing subjects).. Insofar
as thé mean scores are concerned, factorial
varfance analyses indicated slgnmcant grade
Tevet main effetts for all 11 measures (ség
Table 6). Significant main effects for the sex

factor were folind for the cross classification ¥ *

reproducttori and combinatorial reasoning
tasks. P values which approached signlﬁ-
cance were observed for the dichotomies and
In
all.these instances the female subjects'
scores exceeded those of their male counter-,

p&rts. The dge-grade level x sex interaction .

effect was significant for the "Some- All"
relationship task and approached slgnmcance
for the combinatorial reasoning task. In the

. 2 ~

RIC - e o

AFuText provided . M »
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- former case post hoc comparisons indicated

marginal Iemale subject superlorlty at the pre-.
} school level, t.e., t=1. 993, df = 38,

b <.16 (two-talled probablll iy value}, and a
variable pattern of nonsignificant sex differ-

ences at the remaining age- grade levels JRY -
ale superiority at the klndergarteh ahd second

and fourth grade leveis and hlgher female sub-

ject scores at the first, third, and sixth grade

levels. dn. the combinatorial reascning case,

while female superiority was shown at all age~

grade levgls except kindergarten, it was most
notable at the third and fourth grade levels,

l.e., t=2.262, df =38, p<+05andt=1I, 708

df = 38, p<.10, re.,pectwely.

~

t

Subsequent data analyses and associated

performances on_the basis of dichotomous pass/
fail criteria (Tables 4 and 5 and Figures 1 to 7) e

As anticipated, X2 gomparisons indicated sig-

niftcant improvements in criterial performances

"across the present.age-grade range (i.e., all
x? values exceeded 22:46, df = §, p < .001).
. Comparisons of male versus female perform-
ances.ror the overall combined saniple were
.nonsignificant excert for cases of female

superiority for the production of three dichoto-

mies (X2 =7.308, df =1, p< .01) and cross
classification matrix reproduction (x2
df =1, p<'.02) tasks. These patterns are in

essential agreement with the parametric analy-

ses of variance reported above.

Inspectlon of the trends presented in
Figures 1 to”7 permits cerwiin task-specific
generalizations. Initially considering the .
overall composite sainple of 280 children, the
relative difficulty of the Piagetian fask array

may be characterized in terms of seven approx-

imate ability groupingg. These are presented
in Table 7. - i
As Table 7 makes clear, there is a con-

siderable range of task difficulty in the present

measurement series. Figure 1 indicates that
the free sorting task was mastered by 75% or

more of the children at the youngest age~-grade
level.. A similar pattern is shown for the case

of producing a slngle dichotomy.
cent of the second-grade ¢

Eighty per-_

*dichotomy case until the fourth to sixth grade
levels (the remaining analyses concernirg the
dichotomies task will deal exclusively with

. this latter third dichotomy case).

. . The percentages of subjects who'passed

the "Some-All," class incluston, and com-
binatorial reasoning tasks are presented in

Figure 2. As anticipated from the results of
previous investigations (e.g.. Inhelder &
* [
. 11

=$§5.767,

T

‘ldren could produce
a second dichotamy, however, the 75% subject
passing criterion was not attained for the third

&

&

-

discussion will be concerped with the children's .
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. Table 2 .
* Y 0 N A "

. MEANS AND STANDARD DEVIATIONS Of THE ASSESSMENT TASKS ,

Ny . . s FOR EACH OF THE SEVEN GRADE LEVELS? - . ..
: ‘ o - d C Combinatorial
Grade . ~(N) Free Sort Dichotomies ~ Some-All Class Inclusion  Reasoning

Pre T , ) ' *.
Males 23 1.60 (1.16) .83 (1.23) 2.96 (.93). 2.65 (1.11). ~ :

« Females 17 1.65 (1.27) 1.00 (.17), 3.47 (.51)  2.71 (1.53)
Total 40 1.63 (1.19) .90 (1.19) 3.18 (.81)  2.68" (1.29) , )
S - .

K T - ’ . : .
Males 23 2.52 (.73) 1.35 (1.34) ,3.65 (.57) “3.22 (1.13)  7.70 «5.68)
Females 17 2.47 ( .80) 1,06 (1.39) 3.41 {62~ 2.76 ( .90} * 6.71 (5.29) .
‘Total 40 2.50 (-.75) 1.23 (1.35) 3.55 (.60) , 3,03-(1.05)  7.28 (5.46),

1(‘ } . o . ;ﬂs ’ - [
Males 21° _ '2.48 < .68) 1.24 (1.45) 3.48 (.68) 3014 (1.15) 10.24 (6.61)
Females 19 ~ +2.58 ( .84) 1347 (1.35) 3.68 (.48) 3,63 (1.21) 14.68 (8.76) -
Total 40 2,53 (°.75) 1.35 (1.39)¢ 3.58 (.59) 3,38 (1.19) 12.35 (7.93)

2 : * ’ z *

Males 23 ' 2.13 (.81) 1.65 (1.43) 3.74 (.54) 3765 (.98) 18.61 (8.88)
Females 17 2.47-( .80) 2.41 (1.18) -3.53 (.72) © 353 (I.23) .16%71 (8.87) -
Total 40 2.28 (.82) 1.98 (1.37) 3.65 (.62 3,60 (1.08) -17.80 (838)) 4

3 ) ‘. B, P
Males 16 *© 2.25 (.86) 2.00 (1.41) 3.63 (:63) ~3.38 (1.09)  18.19, (3.68)
Females 24 2.46 .( .59);: 2.21 (25 3.88 (.34) - 3.92 (1.28) 24.21 (6.72)
Total .40 2.38 (.70) 2.13 (1.30) 3.78 (.48)* :3.70. (1:22) 21.80 (8.46)

- . ° - I”' &‘

4 . . . N .
Males, 15 2,20 (.77) 1.93 (1.33) 3.93, {.26j  4.33 ( .82) 19.67 (9.60)
Females 25, ,2:36 ( .76) 2.76 (*.66)- 3.88 (.44)  4.40 ( .76) 2416 (6.57)
Total 40 2.30 -(-.76) 2.45 (1/04) 3.90 (.38) 4.38 (.77) 22.48 (8703)

’ 6 s L ) - . ) »
Males 25 2.40°( .65 2.44 (1.12) 3.84 (.47)  4.40 ¥ .82) 26.36¢ (4.08)
Females 15 2.40 ( .83). 2.53 (1.06) 3.93 (.26)  4.53 (s92) 27.20 (1:08)
Total 40 2.40 (~.71) 2.48 (1.09) 3.88 (.40) 4,45 ( .85) 26.68 (3.29)

Overall Samplé . R . . -
Males 146 2.23 (.86) 1.62 (1.40) 3.59 (.68) -3.52 (1.17) 16.80 (9.9_1)2
Females 134  2.35 ( .87) .1.97 (1.31) 3.70 (.52)  3.69 (1.29) 19.40. (9.60)
Total 280  2.29 (.87) ,1.79 (1.37) 3.65 (.61) 3.60 (1.23) 18.07 (9.85)

agtandard deviations are given in parentheses. . T

bData not for all 280 subjects. N ’ A
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. Table 3 .

Ve

-

MEANS AND STANDARD DEVIATIONS OF THE MATRE( ’ASSESSMENT TASKS

LY
FOR FAGH OF THE SEVEN GRADE LEVELS® S
T Cross Classification Classification Seriation Double Seriation
- . Repro- . Trans- Reﬁro:— ) Trans- Repro- Trans-*
Grade (N) . duction position duction position duction position .
Pre- . . . oo
Males 23 1.96 (1.46) 1:39 (1,41) -3.89 (1.41) 2.13(1.55) 2.91 (1-.56) 1.96 (1.61)
- Females 17 2.29 (1.53) 2.35(1.32) 3.41( .86) <2.65(1.66) 3.18(1.59) 2.29 (1.31)
Total 40, 2.10 (1.48) 1.80°(1.44) 3.23 (1.20) 2.35(1.59) 3,03 (1.56) 2.10 (1.48)
. : . s,
- . Males 23, 2.70 (1.26) 2.22 (1.73) -3.83 ( .49) 2.48(1.44) 3.39 (1.12) 1.91 (1.7%)
. J’emales 17 2.71 (1.31) 2.35(1.37) 3.47 (1.07) 3,00 (1.46) 2.94 (1.60) 2.24 (1.60)
.+t Total’ 40 2.70 (1.26) '2.28 (1.57) *3.68 ( .80) 2.70 (1.45) *3.20 (1.34) '2.05 (1.66)
- . ] > . ° ’
Males 21 3.19 (1.08) 2.95 {1.40) 3.43 (1.08) 3.52( .Bl) 3.90 ( .44) 3.29 (1.15)
Females 19 3.84 ( #50) 2.8411.30) 3.84 (-37) 3.53(1.02) 3.84( +69) ~2.79 (1.47),
: Tota! 40 3.50 ( .91) 2 90 (1:34) 363 ( .84) 3,53 ( .91) 3.88( .58)°3.05 (1.32)",
2 ’ '
3 L. o . @
Males 23 3.09 (1.35) 2.57°(1.34)" 3.96 ( .21) 3.48(1.12) 3.74(.92). 3.70 ( .93)
v Females 17 3.94 (+.24) 3.12-(1.32) 3.82( .39) 2.88(1.27) 3.76( .97) 3.06 (1.39)
Total 40 3.4S (1.11) 280 (1%34) 3.99 { .30) 3.23 (1.21) 3.75( .93) 3.43 (1.17)
- 3 ’ ' ‘ 1Y e
) Males 16 3,19 ( .91) 2.88-(1.31) 3.75(..58) 3.31 (1.14) 4.00 ( ,00) 3.69 (.70
. Females 24 3,58 ( .78) 3.42 ( .78) 3:92( .28) 3.63 (*.65). 3.96( .20} 3.88°( :45)
* 7. Total .40 3.439( .84) 3.20(1.04) 3.85( .43) 3i50( .88),73.98( .16) 3.80( .56)
. ¢ - o,
- 4 a .
$ «
: Males 15 3.67 ( .72)..3.47 ( 64) 3.73 ( .46) 3.53( ,64) 4.00 { .00) 3.53 ( .92) -
Females 25 +3.52.( .77) 3.46¢ .77) .4.00( .00) 3.604{ .91) 4,00 ( .,00) 3.80°( .58)
Total  40- 3.58 ( .75) 3.48( .72) 3.50.( .30) 3.58( .81) - 4.00Y .00) 3.70 ( .72)
. . 6 « ’ .
Males’ 25 3.64 ( .70) 3.56( .71) 3.96( .20) 3.60{ .58) 3.68 (1.11) 4.00 ( .00)
Females 15 3.80 ( .41) 3._27( .88) 3,93 ( .26) 3.47(1.06) 4.00 ( .00) 3.60 (1.12)
. Total. 40 3.70 ( .61)" 3.45-( .78) 3.95 ( .22) 3.55{ .78 3.80 ( .88) 3.85( .70)
: Over_al'l Sample , i |
‘Males 146 3.03 (1.24) 2.68 (1745) 3.67 ( .81) 3.12(1.23) 3.6Z (1. 02) 3.16 (1.41)
" Females 134 3.40 (1.03) ,3.02 (1:17) 3.79 (1.56) 3.29 (1.18) 3.70 ( ,97) 3,16 (1.30)
Total 280 3.21 (1.16) 2.84 (1.33) 3.73 ( .71) 3.21(1.21) 3.66 (1.00) 3714 (1,35
- R - AR —== i
RN . Standard deviations are-given in parentheses. T
1\ ) * ’ .
: 13
™~ ¥
: 23 ) ,
» ) »b * AN
- &
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- . Table 4 : : «
y PERCENTAGE OF susn:c'rs PASSING THE ASSESSMENT TASKS
Ty _ AT EACH OF THE SEVEN GRADE anm.s . .
rs
. -, - Class. Combinatorial
Grade (N) _Free Sort Dichotomies ° Some=-All Inclusion Reasoning
: P Pre : .J ' ’
Males 23. -  78.3 -~ 17.4 30.4 .3 - )
. - Females 17° 76.5 17.6 47.1 11.8
oTotal 40 , 77.5 17.5 37.5 7.5
. Q
¢ ’ K o - . ) *
" Males 23 100 30.4 69.6 13.0 0
Females 17 100 29.4 47 .1 0 0
. Total 40 100 30.0 60.0 7.5 0
1 *
Males 21 100 .. 38.1 57.1 9.5 0
Females 19 94.7 31.6 68.4 31.6 0o -
Total 40 ° 97.5 35.0 62.5 20.0 0
2 . * -
N . Males 23 95.7 47.8 78. 21.7 22.0
Females 17 100 76.5 64.'7 23.5 579
Total- 4Q 97.5 60.0 72.5 22.5 15.0
> A b .
3 “
ip .
Males 16 100 V"62.5 68.8 18.8 12.5
Females 25 100 «66.7 . 87.5 45.8 20.8
Total 40 100 65.0 89.0 35.0 17.5
. .
Males 15 100 53.3 93.3 46.7 13,3
Females 25 100 _ 84.9 92.0 §6.0 24.0
. Total 40 100 72.5 92.5 52.5 20.0
6 ‘ s
Males 25 100 * 76.0 . 88.0 60.6" " 480
Females 15 100 80.0 - 93.0 73.3 40.0
Total. ¥ 40 100 77.5, 90.0 65.0 45.0
Overall S;ample .
Males 146 85.9 45.9 68.6 24.7 17.02
Females 134 96.3 56.7 73.1 35.8 15.30
Total 280 96.0 51.1 70.7 30.0 16.3° <

bData not for all 280 subjects.




Taole S 2
PERCENTAGE OF, SUBJECTS PASSING THE MATRIX ASSESSMENT TASKS
_AT EACH OF-THE SEVEN GRADE LEVELS L.
Cross Classification Cl'as;\}téuon Seriation Double Seriation
* Repro~ Trans- Repro~ Trans~ Repro- Trans~
(N) - duction: position duction position duction position
Males 23 39.1 - 26.1 82.6 47.8 60.9 30.4 .
Females 17 47.1 47,1 82.4 58.8 76.5 29.4
Total 46 42.5 1350 82.5 52.5 67.5 30.0 .
K . U .
‘Males 23 ° ° 56.5 47.8 95.7 56,5 73.9 30.4,
Females 17 -  52.9 41.2 §8.2 70.6 64.7 35.8,,
Total 40 55.0 45,0 92.5 62.5 70.6 32.5 %] y
? - “

1 3 )
Males - 21 61.9 61.9 + 90.5 810 95.2 66.7 /_)
females .19 ' 94,7 63.2 . 100 89.5 94.7 52.6 N
Total . 40 77.5 62.5 95.0 85.0 95.0 (0.0 .

' x - -
2 ) . ’
Males 23 69.6 65.2 100 82.6 91.3 87.0
Females 17 ° 100 -76.5 100 70.6 94.1 58.8
Total 40 82.5 70.0 100 77.5 92.5 75.0
. /7
3
" Males 16 81.3 75.0 93.8 " 81.3 100" 81.3 .
Females. 24 83.3 9.7 100 91.7. 95.8 91.7
Total © 40 82.5 "85.0 97.5 87.5 97.5°* 87.5
. 4’\ - e '
Males 15 93.3 93:3 100 93.3 100 73.3
Females 25 96.0 92.0 100 92.0 100 88.0
" . Total 40 §5.0 92.5 100 92.5 100 82.5
. 6 . '
Males 25 96.0 100 “.. 100 96.0 92.0, 100
Females. 15 100 . . 100 - 100 93.3 100 667
Total 40 97.5 100 100 95.0 95.0 95.0
Ovérall Sample - , / .
Males 146 69.9 65.8 94.5 76.0 86.3 66.4
Females 134 82.8 74.6 96.3 82.1 90.3 65.7
Total 280, 76.1 70.0 95.3 78.9 .88.2. 66.1
L . ) - ’ ¢
e ’
- . o !
.i . 15 3
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Figure 2. Percentage of subjects passing the Some-All, class
inclusion, and combinatorial reasoning tasks at each of the
seven grade levels. -
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. Plaget, 1964; Kofsky, 1966), the "Some-All"
task was of significantly lesser difficulty
than the class inclusion méasure. For tife
"Some-All" task the 75% subject passing
level x)fus reached for the second- and third-
grade subsamples, this level was not even
attained. for the older fourth= and sixth- grade
subsamples on the class inclusion”task.
Combinatorial reasoning as assessed in the
child's systematic pair-wise comblnatlons of
cokors 1'3 clearly the most difficult task in the
present array. As expected for a measure re-
lated to formal operations period functioning,
fewer than 50% of the sixth-grade subjects
could successfully deal with these task
demands. K T
. A case of lntormedlate relatlve -task dif-
ficulty {s shown. for the various matrix tasks )
(see Figures 3, 4, 5, 6, and 7). Seventy-five

o .

Table

x
v, N S .
- -

L4

percent df‘tbe first-grade children could suc-

#essfully reproduce the cross glassifjcation

matrix, and 95% of .this age~grade group
passed the class/series and,bdouble series
comparative cases. For the matrix transpo-
sition tasks'the 75% criterion was reached in . " z
the first grade for the class/series case and )
in the second grade for the cross Classifica- \'
tion and double seriation matrices (see Figure
7). As expected (cf. MacK»ay etal., 1970),
the reproduction task requirement was less
dlfflcult ‘than the’ transposition lnstrucuonal
set for the double serlation. -and class/serles
matrix cases (Flgures 4 and 5), and these -

- differences were most notable at the younger

age-grade levels..A more extensive analysis
of the matrix task perfotmances is presented
in the final portion of this Results section.

£ S

o

‘& - ) . g

7

- SUMMARY OF SEVEN ABILITY GROUPINGS

Ability Grouping

F

% of Children Passing Task (N=280) .

I Producing one dlchotomy
- > . Free sorting
Reproducling the class/series matrix
Reproducing the double series matrix
’ 4
II Transposing the class/serles matrix
Reproducing the cross class mé_trlx
“Producing two dichotomies
III Understanding "Some-All" relationships
Transposing the cross class matrix
Transposing the double gerles matrix

IV Producing three dichotomies

V  Understanding class inclusion relation-
ships

VI Combinatorial reasoning (not glveﬁ to
¢ preschool S8s, N=240

. . 78.9 .
1

30.0

16.3

"
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Interrelationsnips Among the Tasks. The vari-
. ous pass/fail interrelationships within the

present task array are presented ln_Tables 8

to 14 for the separate age-trade subsamples

and in Tables 15 to 17 for the overall subject

sample. Ingpection of these tables reveals

a number of task relationship patterns and task
~ performance dependencies or Intertask puta-

tive acquisition sequences. Thése.issues

lead to two assoclated analysi$ questions:

(1Y the question of intertask dimensionality

and (2) the question of across-task scalability

. in terms of relative item difficulties. -
The Dimensionality of the Tasks. Haying

established that there exist strong relation-
ships among the 11. Plagetian tasks, we turn
to the investigation of the dimensionality of
- - these relationships, The task of-assessing
the dimensionality of pass/fail data has
.. captured the interest of researchers from
Thurstone through Guttman to_Bentler. The
techniques of the first two are utilized in the
present discussion. One approach to studying
relationships among binary items s that of
computing tetrachoric correlation coefficients
and employing principal components analysis
to the resulting estimates of pardmeters of
the assumed underlying multinormal distribu-
tion. - . -

For the 11 Plagetian tasks, the following
matrix of tetrachoric correlations was com-
puted by means of Saunder's method, using a
computer program written by Froemel (1970).

- The combinatorial reasoning task was scored
"fail" for all preschool children-to give a
matrix on the cqmplete sample of 280 children.
The tctrachoric correlations among the 11
tasks are presented in Table 18. These cor-
relation values were derived from the pass/

- fail patterns presented in Tables 15 to 17.

. The tetrachoric coefficient, like most
coefficients of association for 2’ x 2 tables,
gives a value of 1 when one cell is enrpty.

In particular, r
torial reasoning;

H

based on the entries, is

unity:
CR
? :
-0 1
5 2! 230 | 39
. v FS IS
0 ‘11 0

Considering first the six matrix tasks,
which represent more than half the tasks In
the battery and thus are likely.to determine
the principal gomponents of the entire set, we
see that both stimulus (cross class, class/
series, and double series) and mode

ERIC

<

N

for free sort versus combina-

35

(reproduction versus transposition) cqntrlbute
to the relations among the matrices. The
median of the three correlations within repro-
duction across r.atrix type is .670; within
transformation the mecian‘is .689; within
matrix type the median is .742. In contrast,
the median of the six correldtions having
neither matrix type nor operation in common
is .54."

A principal coniponents analysis of the
six® matrix tasks led to a first principal com~
ponent’that accounts for 70.3% of the total -
varlanqe', indicating the hfgh association
among the six tasks. Loadings on this com-
ponent &f variance range from .80 for cross
class reproductiott to . 89 for class/series

-~

reproduction. The second principal compo- ’

nent accounts for only an additional 10.6% of
the variance and separates the réprpduction
tasks, with positive loadings from .02 for .
class/series reproduction to .48 for double
series reproduction, from the transposition
tasks, with negativé loadings from -.03 for
Jouble series transposition to -.50 for class/
series transposition. Table 19 illustrates )
both the high degree of unidimensionality of
the tasks and the relatively sme ller but pré-
dictable loading of the two types of tasks on
the second factor of reproduction versus trans-
position method variance,

Although we see the matrix tasks to be
essentially unidimensional, the important
question for the current study is the degree _
to which this dimension is embedded in the
structure of the e-.iire Plagetian battery.

The complete set of 11 tasks was thus
subjected to a principal components analysis,
resulting in three principal components
accounting for 57.0%, 15,2%, and 8.5% of

e .
the variance, respectively._Communalities

-
based on these thrde components ranged from
a high of .94 for free sort and .98 for com-
binatorial reasoning (the least and most dif-
ficult tasks, respectively), which formed a
doublet factor because of their tetrachoric
correlation of 1.0, to a low of .58 for "Some-
All." All of the matrix tasks had relatively
high loadings on the first principal component,
with clas inclusion and cembinatorial rea-
soning also loading .slgnlf&cantly on this dimen-
sfon. .
- The second principal component was

determined_ by the free sort-combinatorial

reasoning dimension, with small negative .

loadings on the matrix tasks, while the third
component again distinguished between repro-
duction and transposition matrix tasks, as
had the second in the previous analysis, but
had its highest loadings on dichotomies and
"Some-All." Thus it would seem that while
there exist relations among this set of tasks,

25 ¢
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a, .

31 of the 40 Ss passed

3 of the 31 Ss passing

FS, ylelding a proportion FS also“passed CI,

27 of the 40 Ss passed
LSR, ylelding a pro~

Table 8
CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING ’
T . ; - THE ASSESSMENT, TASKS-- o ,
. PRESCHOOI; SUBSAMPLE® o <.
Y — - : - ‘4 — )
A i FS| 3D| SA|[..CI | CCR| CCT| CSR|.CST|' DSR | DST .
‘ .| a1] 'ef 12| s 12| | 25| 1s a9
77| .19} 39} .30 .30 .35 | 81| 48] 68 |.20
oo 138 | 6| 7| 6| 3| s | a} 7| s} 7| 3
B _1.86! 18! 86| .43 71.f .57 11,00] 731,00 |.43
sa | 12 6 15 2 6 5] 14 8 10 3
80 40| 38 .13 ] .40 | .33 f 93] ,53| .67 .20 :
» et | -3 3 2 3| 3 3 3 3 3 2,
. 1.00 {1.00 ¢ .67 .08 ]1.00f1.00 {1,00[+,00] 1,00 |.67
fccr| 12| s 6| 3| 174 10] 15] 10] 13 8
L) 20 .35 | 18] .43 | .59 | 66| ;59| 476 |47
ccr| 11 al s| 3{ 1w | 4| 14| 12 12 | 8
. 179l .20! 360 21| .71 | .35 |1.00] .86) .86 |.57
CSR| 25 71 14 3| 15| 147 33] 21| 26 | 12
_|.76) 21| 42| 09| .45 | .42 | 83| .64) .79 |.36.
csT| 15 s.| 8 3].10 | 12| 21| 21 a7 | 1
4.71] 24| 38| 241 .48 |.57 {23.00) 50| .81 |,59
LSR| 21 71 10 3| 18| 12| 26| 17} 27 | 11
28 26| ,37 | .11 48 | 44| 96| .637) 67 |41 * |
DST| 9 3 3 2, 81 8] 12| 1| 11 |12
251 .25 | 25| 710 671 .67 11,00 921 .92 1.30.
- ' L)
(S
aKeyi . g .
S cI DSR 4
s 31 | rs[ 3 DSR[ 27 DR [ 13
.77 .10 .67 .48
¢

13 of the 27 Ss passing
DSR, also passed CCR,

of .77,

~

yle ldln\g

of .10.

@\proportion

Tagk abbreviations are explained in Table 6.

T 26

v

.portion of .67.

o

B o~ —— P ——

vielding a proportion
of .48. °
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. - ] Table 9
. CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS, PASSING
THE ASSESSMENT TASKS-- = & '
- . -KINDERGARTEN SUBSAMPLE? .
< hd -
. v Y
s FS ap !l sal o'l ccr]l cor| csrl csT| DSR IpsT | CR
o | 20f 2| 2a| 3| 22| 18l 37| 25| 28 | 1377 o
. 1.00 .30 .60 ) .08 | .55 | .45f ,93) .63-] .70 [.33 | .00
- lsp 12 12 9 0 8 | .7], 21 7 12 |31 ~o0
.. 1,00 :30} .75 ¢ 00 | .67, { .58} .92} .5841,00 .25 1 .00
sa | 24 9f 24| 3| 12| 11| 23] 15| 16 8’ 0.
1.00| 381 601 .13 1 50| .461 .96 .63 | .67 |.3 .00
el 3 0 3 3 3 3 3 3 2 2 0
“11.00] .00 l1.00 ) .08 [1.00 j1.00[1.00]1.00) .67 |.67 | .00
ccr| 22 8 12 31 22 141 21 16| 20 9 0
“la00| .36) .55 14| .55 | ,64f 95| .73| ,01" }.41 | .00
corl 18 -7 11 3 14 18 16 14 (-4 | 9 0
1,00} 39! .61 | .37 .78} .45} .89 .78 .78 {.50 ] .00
cspl 37| 1 23 3| 21 16| 37] "24| 27 13 0
1,00/ .30} .62 {".08 .57 | .43} 93| .65 .73 |.35] .00
cst| 28 7 15 3 16 T4 24 25 17 11 o
1,00} 28] .60 .12} .64 | ,56) 96| .63! .68 |.44 ] .00
osl| 28 12 16 2| 20 14| 27 17| 28 12 0
1,00 43| .67} .07} .73 | .50] ,96| .61{ .70 [.43] .00
psr|. 13 3 8 2 g 9 13 11 12 13 0
1,00 ] .2 62 | .15 .69 | .6941.00] 85| .92 |.32 ] .00
CR 0 0 0 0 0] 'o 0 0 04 0 0
,00] o0l .o0) .00l ,001{ .00l 00| .00f .00 1,001 .00

~

‘8g5¢e key, Table 8; task abbreviations are explalx‘med»‘ln Table 6.

-~
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=, . Table 10
CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING

- A

THE ASSESSMENT, TASKS-~ .
FIRST-GRADE SUBSAMPLE®

FS| 32| SA] CI | CCR |CCT| GSR| CST | DSR |DST | :CR
P 39| 13| 24 8] 36 |25 | 37 | 34 | 37 |- 24 0
.98} .33 ! .62.] .2t | .77 .64 | .95 | .87 | .95 |,62 |.00
ap o B ulon a1 (a2 | 1| 13 ra| e o
93| .35} .79 1 .29 | .79 |.86.[1,00 | .93 N.o0o |.57 | .00
sa |- 24 w|Toes 2| 20 |17-| 24 } 22 | 24 | 14 0
.96 | .44 .63 1 .28 |..80 |.68 | .96 | .88 | .96-|.56. .00
c ‘8| 4 71+ 8] 6 5 8 8 8 [. 5 |- o0
. 1100} 50| .88 { .2b | .75 {.63 |1.00 1,00 f1.60 | .63 |.00
CCR ‘30| 11| 20 6| 31 |23 ] 31 | 28| 30 | 20 0
Z" l- .97 35| .65 | .19 | .77,1.74 f1.00 | .90 | .97 | .65 ].00
Skt 5] 12| 17 50 23 Fas | 25 | 25 [ 24 | 17 0
‘14.430 .48 | .68 | .20, .92 .63 |r.00 .00 | .96" | .68 00
CSR 37| 14| 24| .8} 31 |25 | 38 | 34<f 37 | 24 0
97| 37| .63 | .01 | .a2 .66 | .95 | .89 1.97 |.63 |.00
cst | 34| 18 22 8| 28 |25 | 34 | 34 | 33 | 23 0
. l1.00| 38| .65 | .24 | .82 1,74 1,00 |.85 |.97"].68 |.00
DSR 37 | 14 | 24 8 | 30 |24 [ 37 {33 | 38 | 24 0
97 | .37 | .63 },21 y.79 le3 |.97 [.87 |.,95 |.63 |.00
psy | 24| 8| 14| s 320 f17 ] 24 | 23 | 24 | 24 I 0
100 .33} .58} .21 ] .83 .71 [1,00 | .96 {1,00 |.66 | uu
CR ol o o] o a 0 0 0 0 0 0
.00 .00 “Zo0l .00 | .00 .00 [~,00 ! .00 | 00 |.00 |.00

s
A\

aSee key, lable 8; task abbreviations are explained in Tal;le 6.
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Table 11

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING
THE ASSESSMENT TASKS-- .~ .
SEGOND-GRADE SUBSAMPLE®
J -
g -
, FS| 30| sa’| ¢ |ccr| cer] csk| csT| DsR | LsT |.cCR
rs 39 |* 24 | 28 9 | 327 28] 39| 30| 36| 30 61~
, 98 | .62 | .72 | .23 | .82 .72{1,00 | .77} .92 | .77 | .15
'DI 24| 24| 20| 6§ 22| 19| 24| 20| 23 | 19 5
l‘v 1,00 | 601 .83 | .25 { .92 .7911.00 ! .83l .96 ! .79 [.21
. ¥ R «
- 28 | 20 | 29 71 25| 21) - 29°%| 23] 28 1 25 & .
97 | 691 .73 | .24 | .86| .721r.00 | ,791 .97 | .86 |:21
” . . .
cr C) 6 7 9 z| .s 9 8 9° 8 | -2
1.9 ; .67 } .78 | .22 | .781 .89 [1.00-| .8911.00 | .89 | .22
cor| 32|22 | 25| 7| 33} 24| 33|25 327 25°| -5
97 | 67 ) 76 1 .21 | .83 .73 (1.00 § .761 A97 | .76 |.,15
* cCT 28 19 21 8 24{ - 28 28 ] 26 27 24 4
1.00 | .68 | .75 | .29 1 .86 .7011.00 |-.93}..96 | .86 .14
-~ « {°
csr | 39| 24| 29 9 | 33] 28| 40 | 31| 37| 30 6
98 | .60 | .73 | .23 | .83} .70l1.00 | 78] .93 [.,75 |.15
csr. 30 20 23 8 |-25 26 31 31 29 25 4
97 | .65 | .74 J-.26 | .81 ] .sa11.00 | .77 .94 | .81 [.13
) N \L
cer | 36| 23 | 28 g | 32| 27} 371 29| 37 | 30 6
97 | .62 1 .76 | .24 | .86] .73 11,00 ! .75; .93.1".82 }.16
L'ST 30 ] 121 25 g b 251 24) 30| 25| 30 | 30| 6
: 1,00 63 | .83 {.27 | .83! .gof1.00 | .83 1,00 |.75 |.20}
CR ‘6.5 sf\z 5 4 6 4 6 6 |. 6
1.00 | .83 h.oof| .33 |.831 .67 11.00 | .6711.00 p.oo |.15 -

<

* aSee key, Table 8; task abbreviations are

explained in Table 6.
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Table 12

1)

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS FASSING
THE ASSESSMENT TASKS-~

THIRD-GRADE SUBSAMPLE?

-

N

o Fs | .3p] sa | €1 |ccr| ccr| CsR [csT| DsRj Dst| CR
s a0 | 26| 32| 1a | 33| 3af 39 | 35| 30| 2w 7
I8 400! 65| .80 | .35 | .83l 85! .08 .88 | .98 | .88 | .18
. D 26 | 26| 29 | 10 | 24| 21| 25 | 24| 26| 24| .4
1,00 | .65, .73 |°.38 21 .81 .96 |-92 |1.00 {~92 | .15
’ sa f 321 19y 32| 13 | 26| 28f 31 | 29| 31| 29| .6
1,00 { 591 .80 | ,41 | .81} .88 ,97 [.9v }-.97 | .91 ] .19

! X
o Lo 1T e e b e s
. 1,00 | 71| .93 |.35 |.93)] 93!1.00 |.93.01.001} .86 :29
. CC;‘ +33 |-24| 26 | 13 3] 20| 33 | 31| 33| 30 6
v 1,00 | .73} .79 V.59 3{ 881,00 |,94(1.001 911 ;18
cor | 34 | 2| 28 | 13 | 29| 34| 34 | 29| 33| r29 7
. 1,00 | 621 .82 -1.38 |.es| .85|1.00 |.85 | .97 | .85 | .21
osr | 39| 25| 81| 1a | 33| 34 39. 34} 38 34 7
o 1.00 | .64] .79 | .36 | .85 | .87 .08 |.87 | 97| .87 | .18
T ost | 35 | 2af 29 13 | 31| 20, 34 | 35| 35| 32 6
. 1,00 | 69| .83 | .37 [.80| .83| .97 |.88 |1,00] .01 | .17
o losg | 30| 28] 31| 14 fa3f 33| 38 | 35| 39} 34 6
N 1,00 | .67 .79 | .36 |.85| .85} ,97 |.00 ) .98 ] .87 | .15
cop | 35 | 24l 29 | 12 | s0f 29f 34 f 324 34} 35 6
1,00 { .69 .83 | .34 | .86 .83 .97 [.on} 97| 881 ,17
) cR 7 4 6 4 6 7{ 77 6| . 6 6 7
1,00 | ,571 .86 | .57 | .86 )1.0012.00 V.861 .86 1 86| ,18

agee key, Table 8; task abbreviations are explained in Table 6..

\
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Table 13
CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING
THE ASSESSMENT TASKS--

L .
FOURTH-GRADE SUBSAMPLE?

33ee key, Table 8; task abbreviations are explained in Table 6.

FS| 3D| SA| cI| ccr| ccr| cSR| cCsT| DSR| DST | CR

rs 40| 29| 37( 21| 38 37| 40| 37| 40| 33 8
11,00} .73! .93 ,53| .95} .93}1.00( .93 }1;00 | .83 | .20
. 29| 29| 27| 18| 28| 26| “29| 27| 29| 23 7
1.00f .73 .93} .62} .97} 901,00 .93 1,00 .79 | .24

371 27| 37| 18| 35| 34| 37|:34| 37| 30 8

1,00/ .73! .93} .49 .95] .92.11.00{ .02 |1.00 ] .81 | .22

or )] 21| 18| a8 21| a1 21| 21| 2| 21| 17| s
1,00 .86| .86/ ,5311.00}1,00/1,00/1.00 1,00 .81 | .24

ccrl 38| 28| 35| 21| 38| 35| 38( 36| 38| 31 8
100l 74f 92| .55} 95| ;92 /1,00 .95 |1.00 | .82 | .21

cer| 37| 26| 34| 21| 35| 37| 37| 36| 37| 31 8
1,000 70! .92 .7}..95] .93 |1.00| .97 |1.00.] .84 | ,22

csnl . 40| 29| 37| 21| 38| 37| 40| 37| 40| 33| 8
7]1.00) .73} .93] .63| .95{ .93 1.00-] ,93 |1.00 | .83 | .20
cstl 37| 27| 34| 21| 36| 36| 37( 37| 37| 31 8
L00f (73] .92} 57| .97 .97 |1.00| .93 |1.00 | .84 | .22

csr| 40 29| 37| 21| 38| 37| 40} 37| 40| 33 b 8
°}1.00{ 73} .53°| 53] .95] .93 {1,00.,93 |1.;00 | .83 | .20
sl 33] 23| 30| 7| 31| 31 33| 31| 33| 33 7
1,000 .70f .91 .52| ‘94| .94 ]1.00 .94 |1,00 | .83 | .21

R 8l -7 8| .5 8 g| 8 8 8| 7 8
1.00] .8811.00) .63[1.0011.00/1.00/1.06 {1,007 .88 | .20

31
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- ' ¥ Table 14 :
CONTINGENGY TABLE OF FREQUENCIES AND PROPORTIONS PASSING
' THE ASSESSMENT TASKS-~
N ' 'SIXTH-GRADE SUBSAMPLE®

. i .
b t
) F8| 3D| SA| cI | CCR| cCT| CSR| GST| DSR| DST| OR
- FS 40{ 31| 36| 26| 39| 40{ 40| 38| 38| 38| 18
. 1,00} .78} .90} .65 .98 |1,00)2.00] .95 | .95 | .95 | .45
' " 1D 311 31| 28| 20| 30| -31| 3af 29| 31 ) 29| 15
1,00y .77| .90 .65 .97 {1.00)1.00 ) .94°| ,97 | .94 | .48
A 36| 28| . 36| .25 35| 36| .36| 34| 34| 347 18
. 11.00] 278] .90f .69 | .97 ]1.00]1.00| .94 ] .94 .94 | .50 :
- 26 20f 25| 26| 25| 26| 26 24| 25| 25| 13
1.00] .77} .96| .65} .96)1.00{1.00) .92 | .96 | .96.] .50
cerl 39 80f 35| 25, 39} 39 39| 3714.37] 37 17
) 1.00} .77| .90} ,64| .98/1.00)1.00] .95 | .95 | .95 | .44 ’
corl 40| 31| 36 26| 39| 40| 40| 38| 38 38| 18
. 1,00/ .78! .90l .e5| .98 [1.00}1.00] .95 | .95 | .95 | .45
“losr| 40| 31| 36| 26| 39| 40| 40| 38| 38| 38| 18 . .
100! .78} .90} .65] .98]1.00 1,00 .95 | .95 | .95 | .45 .
csr| 38| 29| 34] 24| 37| 38} 38| 38| B36] 37 16
) 1.00{ .76} .89 .63 .97 11.003.00] .95} .95 | .97 | .42
psp| 38| 30| 34| 25| 37| 38y 38| 36| 38| 36 (f16) °
1.00{ .79| .89 .66} .97 )1.00}1.90] ,95 | .95 | .95 | .42 ”
psr| 38| 29| 34| a2s| 37] 38| 8| 37| 36| 38| 16 .
1,00} .76| .89] .66y .97)1.00)1.00) .97 | .95 ] .95 | .42
oR 18( 15| 18} 13| 17| 18} 8| 16| 16| 16 ] 18 ’
1.00{ .831:.001 .72! .9411.00/1.00! .89 | .89 |".89 [ .45

aSee key, Table 8; task abbreviations are explainéd 10 Table 6.

o
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Tai:»le 15
CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING
" THE ASSESSMENT. TASKS-- . .

a . .
- . ALL QFADES T~ .

FS 3D SA ct | ccr| ccr| csrf-cst| DsrR |Dst :

ks 2691 141| 1931 84l 206| 193] 257| 214| 239 |182 S
: 96] .52 .72] .31 77] .71 | .96] .sol .89 | .68 .

b | 14rf 143 1200 61y 128) 120 | 141| 125] 141 | 109 . .
99| .51 .84 .43{ .00l .84] .99| .87| .99 {.76 ‘ -

A 193 120] 198} 75| 159| 152 | 194| 165| 180 |143 |
.97% .611 .71 .38] .75 .7771 .98} .83 .91 .72

S ‘84 61 75 84 78 79 84} 80 82 |- 71
1.00) .73| .89 .30| .93| .9401.00] .95| .98 | .84
206| r28| 159| 78{ 213| 174 210" 83| 203 | 160
S .. ORI 971 60l .75 .37l .76l .a2! .99| .86l .95 |.75

N . \

cop| 193] 120f 152| 479 174| 196 194 180| 185 |156°
.98 .er| .78} .40| .89 .70 .99} .92| .94 .80 .

osp| 257| 141} 194| sal 210| 104 267 219| 243 | 184

.96] .53 .73 .31 .79 .73 .95 .89 .91 .69
° 214| 125 165 80| 183 180 219} 221{ 204 {170

CST| 970 .s1] .75| .36 .83 .e1| Joa| .79 .92 |.77 o,
nsr| 239] 141| 180 82| 203| 185 | 243| 204 247 |180
.97} .57} .73] .33| .s82| .75| .98| /83| .88 |.73
- bor| 182 109) 143| 71) 160 1S6| 184| 170| 180 |185 .

.981 .59 .77] .38) .86} .84) .991 .92 -.97 | .66

-

aSee key, Table 8; task abbreviations dre explained in Table 6.

33 .
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_Table 16

FREQUENCY AND PROPORTION PASSING THE COMBINATORIAL REASONING TASK
AND EACH OTHER-ASSESSMENT TASK COMBINING

KINDERGARTEN, FIRST, SECOND, THIRD, FOURTH, AND SIXTH GRADES®

~

- LY
LN

FS- 3D SA (CI CCRCCT CSR CST DSR DST

3

N Passing CR
N Passing Other Task 39 31 38 24 36 37 39 34 36, 35
Proportion © 1.00 .79 .87 .62 .92 .95 1.00 .87 .92 ".90

°

8Task abbreviations are explained in Table €. ..,

oY

Table 17
FREQUENCY AND PROPORTION PASSING EACH ASSESSMENT TASK
PLUS THE COMBINATORIAL REASONING TASK, COMBINING
KENDERGARTEN, FIRST, SECOND, THIRD, FOURTH, AND SIXTH GRADES®

s FS 3D S8SA CI CCR CCT CSR CST DSR DST

. N Passing Task 238 1367183 81 196 182 234 200 220 173
N Passing CR 39 31 38 24 36 37 39;“34 36 35
Proportion .16 .23 .21.30 .18 .20 .17 .17 .16 .22

3Task,abbreviations are explained in Table 6.

¢
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Table 18
MATRIX OF TETRACHORIC CORRELATIONS®

&4

-

FS 3D 'SA CI CCR CCT CSR GCST DSR DST CR 3
' FS: 1.000 ) ~ ) '
o 3D .664 1.000 T e .

SA .505 .595 1.000 - .

CI  1.000 .573 .663 1.000

'CCR .30z .678 .358 .709 1.000 , ’

CCT .743 .614 .481 .829 .802 1.000 )

CSR  .363 .70f .713 1,000 .849 .872 1.000 N

CST  .380- .496 .398. .773 .646 .844 .923 1.000

DSR  .498 1907 .382 .770 :828 .713 .916 .634 1.000
- .DST  .696 ‘.440 .425 .594 .671 .762 .928 .814 _.875 1.000

CR  1.000 .634 .901 .657 .625 .810 1.000 .325 .261 .651 1.000

N

ATask abbreviations are explained in Table 6.

[N

»
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Aruitoxt provided by Eic:

.Table 19

LOADX‘\IGS ON PRINCIPAL COMPONENTS OF THE SIX MATRIX TASKS (N=280)

Vartables® PCl PC2

.CCR | .80 .30

CCT .84 -.25

) CSR .89 : .02

cST x .82 -.50

» DSR .82 .48
- DST .86 -.03
' Eigen Value 4.22 .64

~

aTask abbreviations are explained in Table 6.

the data do not form a unidimensional pattern;
this is partly because of_ the difficulty factor
introduced by the extreme range from free

-sort to combinatorial reasoning but more impor-

tantly because, while slass inclusion seems

to relate to general competence ca the matrix

ngo

tasks, dichojomies and "Some-All" are more
strongly re lated to the s‘eprodu,,:mn-.ranspo-
sition dimenston, the status of which is

- unclear in Plagetian theory.

Applying a varimax rotation procedure to
the loadings resulted in the values given in
Table 20.

The major effect of this column-varlance
maximizing rotation on the original principal
component loadings was to emphasize the
separation;of the matrix tasks from the others
by placing the second, factor directly through
the free sort-combinatorial reasoning doublet,
thus increasing the lcadirgs of all non-matrix
tasks on this factor.

To the extent, then, that principal com-
ponents analysis of tetrachoric correlations
is a technique robust with respect to the -
problems of the analysis of binary data with
a wide range of item difficulties, it seems
that these tasks as presently constructed ]
contain several performance dimensions. Thus,
further development -is-needed if it is-desired

_to discover invariant sequences other than
. those predictable from itém difficulty alone.

While the problem of spuriously high
relations leading to doublet factors may be
solved relatively easily by onitting tasks of
extreme easlness, such as free sort, the large
number of matrix tasks seem to create two
"matrix” factors whith remain apparent when
these tasks are combined with the,others. To

"overcome this artifactual structure, cross

classification and double seriation reproduction
were selected as single measures of their
respective constructs and an analysis was
performed on a subset of six measures, none

*

36
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tinuum,

s
~

of which had tetrachoric intercorrelations of
unity.

Deleting free sort, transposition matrix
tasks, and the classification seriation repro-
duction task and applying the principal com-
ponents with roots greater than 1, accounting
for 55.9% and 19.4% of the total variance,
respectively. A third cor ..nent accounted
for 9.4% of the variance. Loadings of the
six variables on the first two components are
given in Table 21.

The loadings on the iiist- component exhi-
bit-a fairly narrow range, from .68 to .82,
sugges:ing nearly equal amounts of tommon
variance for the six tasks. The second seems
to plck up a contrast between combinatorial
reasoning and “§ome-All“ on the one hand and
the matrix tasks on the other. While elimi-
nating the extremely easy tasks and matrix
transposition resulted in a set for which the
main dimension loads nearly equally onall
tasks, the loadings are not-impressively high,
suggesting that while the tasks have a signi-
ficant amount of shared variance, partly
because all are age-related, unique variances
remain high, and taken as a set, they do not
represent a reliable measure of a single con-
This, of course, does not demon-
strate that the underlying.structures do not
lie on a single dimension; it does suggest
that further attention to reducing sources of
performance variance in tasks embodying
Plagetlan concepts is needed lr a simple

. -structure is to be uncovered.

, Guttman Scale Analysis. Several appli-
catlons of Guttman scaling (Guttman, 1950)
have been made to the Investigation of the
sequence of acqu'sition of Plagetian tasks
(Kofsky, 1866; Wohlwill, 1960); the results
have been unclear. The technique was
applied to the present data for purposes of
comparison with earlier studles.




Table 20 !
VARIMAX ROTATION OF FACTOR PATTERN FOR 11 VARIABLES

" Principal Components _*

’ Variables® 7 PC1 PC) . pC3

FS Y1 .96 .04

3D .24 .23 .86

SA .07 51 .56

CI .57 .72 .16

CCR .65 . .06 .51

*CCT .74 .37 .23

\ CSR .75 " .47 ' .32
CST .89 - .10 .05°

DSR .65 . .02 " .63

. , DsT’ .80 .23 .18
CR .19 .94 .26

Percent of Total Variance " 34.8 27.8 18,1

f .
aTask abbreviations are explained in Table 6.

J Table 21’
+  PRINCIPAL COMPONENT LOADINGS OF A SUBSET OF SIX VARIABLES

. nci Components ¢

_Varlables® ° PC1 PC2

. 3D .82 -.18
SA .68 , .56

Ci .78 .08

CCR .76 -.36

DSR .75 -~.58

CR .68 .59

Eigen.Value 3.35 ‘ 1,17

"aTask abbreviations are explained in Table §.

[N

Before examining the results of a scalogram
analysis of these ddta,'u 1s essential to clari~
fy the point that Guttman's cosfficient of
reproducibility {CR) does not itself determine
the dlmenerbnailty of a set of itams. The
index, 1 -yk. where N = number of subjects,
K = number of items, and E = errors (depar- ,
tures from ideal patterns), was proposed only
as a measure of the degree to which knowledge
of a subject's total score enables one to
reproduce his pattern of responsées to each
item. Clearly, if items vary sufficiently in
their average age of attainment, the coeffl~
cient will be high, even if there exists no
single underlying learning hieraichy relating
them. For example, most American children
learn addition before learning French, but a
large number of French children demonstrate

-

that there s nothing necessary about this

sequence. Some of the confusion surrounding

the interpretation of Guttman scales stems
from overgeneralizing a familiar introductory
example to scalogram analysis. While mea-
surement on a ruler leads to perfect scales
and is unidimensional, the coriverse, that

a high coefficient of reproducibility implie's
an underlying “ruler," is not true. Items )
such as, (1) "is over three feet tall," (2)
“weighs over 70 pounds, " and (3) "solves
formal reasoning tasks," should lead to a
good scale, but this example is not so subr
ject to overgeneralization Merely showing
that two phenomena are age-related does not
demonstrate that a single process explains
their interrelations.

37
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If the ‘probability of passing these three

iteme in a population is .9,.,5 and .1,.and
the items are otherwise independent, the
probabilities of observlng each possible pat-

-tern will be: .
A B C - Probability
9 5 1
1 1 -1 . 045
1 1 0 .405
ls’:?tl:ms ! 0 0 - 405
. 0 0 0 . 045 »
.90
1 0 1 . 045
Non- 0 1 0 .045
Scale 0 1 1 .005
Patterns 0 0 1 . 005
.10

In this situation, the expected number of
errors for 100 subjects is 10, CR= .97, and
to demonstrate, at the .05 level, significantly
fewer ervors than predicted by chance, the
score -patterns would have to exhibit no more
than 3 errors, or CR= ,99. If the items were
all near .5 in difficulty, however, a.value of
CR of .86 (fewer than 44 errors) would suf-
fice to demonstrate more than chance repro-
ducibility. Thus no "standard" level of coef-
ficient of reproducibility exists.

. Investigations of dimensionality require
that tasks representing each structure be made
as similar in difficulty as available perfor-
mance variance permits; this Is necessary if
there is to be any possibility of obtaining
evidence for numbers of ideal patterns signifi-
cantly exceeding the chance level derivable
from products of individual item difficulties,
assumed to be independent.

A scalogram analysis program (Werner &
Morrison, 1967) applied to the complete set
of 11 Piagetian tasks for 200 subjects (qrades
K-4) yielded a CR of .91; only 67 of t* 1
subjects exhibited ideal scale pattern.
was assumed that the failure of these itews
to approach a perfect scale was due to the .
inclusion of the classification seriation matrix
tasks in the set, since Piagetian theory would
predict developmental synchrouy for the
structures underlying these tasks and the other
matrix tasks while investigations of their per-
formance difficulty in the current and previous
studies (MacKay et al., 1970) have provided
confllctlng evidence as to relative difficulties.

In addition to the classification seriation
tasks, the free sort task was omiited from the
second analysis since its easiness *(.95) made
it inappropriate for scaling. The set of
remaining items approached the various cri- '
teria for scalability; most "e:rors" were due
to the fact that "Some=-All" was very near in

-
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/as compared to expectatlon.

difficulty to the two cross classification

acks but not strongly related to them.
Finally, by deleting the "Son‘.e-All“ task,
an acceptable 7-item Guttman scale was
obtained, with 56%- of the patterns corres-
ponding to ideal patterns and CR = .93;
CR =, 85 was expected.due to chance, using
Sagl's (1959} procedure. More impressively,
Loevinger's (1945) method of counting errors
led to 204 errors, as compared to 538 expected.
This dlscrepqncy amounts to nearly 25 error *
standard deviations, suggesting that the prob-
ability of chance occurrence, had these
items been selected a priori, is negligible.
However, since the result was obtained by
deleting four items, it is best regarded as

tentative until replicated.

Table 22 presents the frequencies of the
ideal scale types and the most frequent non-
scale types for each Guttman scores. = - =

While the ideal patiétn 4 was obtained
more frequently than the Guitman model would
predict, reflecting the higher interrelationship
of the matrix tasks to each other, partly due
to shared method variance, patternz of failing
one or all of the matrix tasks in the order pre*
dicted by their relative difficulties were rare
This suggests
that future analyses using this technique might
profitably drop the reproduction-transposition
distinction and determine which single tasks
best operationalize cross classification and
double serfation skills. While in the present
data deleting transposition tasks would have
improved the scalability of the remaining items
more than deleting reproduction tasks would
have, fhis is largely due to the relative easi-
ness of the reproduction tasks. The question
of which tasks best operationalize the under-
lying constructs (most probably notthe matrix
tasks) is not strictly a question for data anal~-
ysis. Thus, while the scale analysis leads to
a scale of quite‘high reproducibility, the

nclusion of the four matrix tasks seems to
have affected the content to the extent of
possibly distorting the underlying relationships.
By deleting the "Some-All" task, scalability
was achleved at the cost of losing all com-
parability with Kofsky's scaling study, since
in creating a scale from her data, she deleted
class inclusion, the only other identical task
in the two studies. These resul‘ts highlight

a difficulty with the Guttman technique. If a
set of items do form a scale, the investigator
may take a subject's total score as an indica-
tor of which particular items were passed. If
the set requires deletion of items of theoretical
interest to create a scale, simple replication
of the scalability of the remaining set will

not result in information about the dimension-
ality of the domain. Scaling operations




Table 22

FREQUENCII::S OF IDEAL SCALE TYPES AND THE MOST FREQUENT

*

- .

Guttman

Ideal Expected

NON-SCALE PATTERNS FOR EACH GUITMAN SCORE? * . .
\CR CI 3D. DST CCT CCR DSR Score Frequency Frequency
. i :
1 1 1 1 1 1 1 7 30 30
1 1 0 1 1 1 1 7 8 ‘
0 1 1 1 1 1 1 6 20 71 . /
0o 1 0 1 1 1 1 6 4 '
‘0" 0 1 1 1 1 1 S 8 12 : Lt
0 ¢ 1-0 1 1 1 5 6 o
0 0 0 1 1 ‘1 1 4 16 11
1 0 0 1 1 1 Jd 4 * 5 .
¢ 0 o 0. 0 1 1 1 3 4 23
0 0 0 0 0 1 1 2 7 26
0 0 1 0 0 1 1 2 S
0 0 0 -0 0° 0 1 1 9 15 5
0- 0 0 1 0 0 1 1 7
0 0o 0 0O 0 0 0 0 i7 62
aTask algbrevlatlbr}s are explained in Table 6. .

would seem to be most usefully performed c>,na
sets of items that have been independently
shown to be unidimensional, and as factor
analysis suggested, the inclusion of the
matrix tasks seems to have affected the dimen-
-sionality of the current items.

]

Additional Matrix Task Analyses .

The purpose of this final results summary
is to compare the present performances on the
- various matrix subtasks to the earlier findings
Jf MacKay and his associates (MacKay, 1972;
MacKay et>al., 1970). Considering first the
ata concerning the children's replacement
responses .(possible score range ‘of 0 to 3},
very few!subjects (9.3%) committed replace-
ment errors on any of the matrices. No errors
were found in the older subsamples, and 19 of
the overall 26 cases were found in the pre-
school and kindérgarten groups. More impor-
tantly for¥8e comparisons to follow, there were
few differences among the replacement errors
for the three matrix types, i.e., 12, 8, and 14
instances for the cross classification, class/
series, and double seriation matrix cases,
respectively. ,

‘ As indicated previously, there was a sig-
nificant increase in the number of subjects
passing each of the matrix subtasks across the
present age—-grade range. Comparisons across
a more restricted 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 E

subtask there was a significant incfease in the |

proportion of successful subjects, i.e., all |

X 2 values exceeded 9.40, df =3, p < .025. |

This is essentially similar to the findings of the

earlier {nvestigation. ° |
In the MacKay et al. (1970) study, trans- ‘

position of the matrices which involved.a con- |

tinuous dimension (double seriation) was a sig-

nificantly more difficult task than reproduction

(see however, MacKay, 1972, for-a case of . -

equivalent transposition-reproduction difficulty |

in a sample of severely subnormal adults), - ° |

Examination of the present matrix pass/fail fre-

quencies reveals a concordant pattern of rela-

tive task difficultie§. X 2 comparisons of the

number of successful subjects on the reproduc-

tion subtask versus the transposition subtask of

the double seriation matrix showed the former to

be significantly easier at the preschool (27 vs.

12), kindergarten (28 vs. 13), and first grade

(38 vs. 24) levéls. Combining the preschool

through second-grade subsamples (N = 160},

130 children passed the reproduction case and

79 passed the transposition subtask (X2 = 35.88,

df=1,p .001). Similar comparisons for the

.class/series matrix also revealed reproduction

to be the easier task, i.e., the frequency of

passing subjects for reproduction versus

transposition for the preschool to second- )

grade subsamples was 33 versus 21, 37 ver-

“sus 25, 38 versus]34, and 40 versus 31;

the ‘total frequencies were 148 versus 111
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(x2=127.73,df =1, p< .001) for the com-
bined younger subject subsamples. In con-
trast, there was no’significant difference be~-
tween the number of successful reproduction
versus transposition cases for the cross
classification matrix at any of the separate
age-grade levels, although the comparison for
the 160 children in the composite younger
group--103 passed thgreproduction subtask
and 85 passed the transposition subtask
(x2=4.18, df =1, p < .05)~-was marginally
significant. In the preschool through second-
grade composite sample, combining all the
reproduction and transposition cases for the
three matrices indicated that the former task
was significantly easier, i.e., N = 480 with
381 versus 275 passing cases (X2 =54.09,
df=3,p< .001) .4 .

« A more direct comparison of the relative
dhlfflculty of the reproduction.versus the trans-
position matrix subtasks’is shown in Table 23.
(Note that for Tables.23, 24, and 25 the com-
parisons within grade levels are binomial tests
with cne-tailed probabilities for Table 23 and
two-tailed probabilities for Tables.24 and 25.
The composite subsampie comparisons are
McNemar Tests for the Significance of Changes
with associated X2 values and one-tailed
probabilities for Table 23 and two-tailed proba-
bilitie s for:TabI&3™7 and 25.) All of the
within-grade subsample comparisons on double
serlation significantly favor the easier repro-
duction task, and only the first-grade sub-
sample comparison fails to indicate a similar
significant relative difficulty pattern for the
class/series matrix. For the cross classifi-
cation matrix, only the first-grade subsample
and the composite preschool to second-grade
sample comparison reach significance. One
may conclude, therefore, that matrix repro-
duction is sggnlflcantly easier than matrix
transposition, and this is particularly true
for the double serfation and class/series
matrices. ' .

In considering the relative difficulty of
the three basic matrix types, we shall examine
the reproduction and transposition cases
separately. The relevant comparisons for the
reproduction case are presented in Table 24. ¢

4It {s recognized that the use of the X 2
statistic may pe inappropriate in the present
context since the repeated measurement Jesign
does not typically denote tndependent vbiser-
vations. However, the lack of presentation
order effects and the similar task contrast
patterns found for the-related sample {nierence
tests reported in this study would seem to
discount the importance of these reservations.
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.ages for the various composite sample totals,

Considering initially the three matrices te-
gether, Cochran Q values for the number of
passing subjects were 17.04 (presthool),

18.00 (kindergarten), 1C.89 (first grade), and
9.25 (second grade), indicating significant *
differences across the matrix reproduction sub-
tasks (all probabilities less than .0l). Repro-
duction of the cross classification matrix was
significantly more difficult than the counter-
part class/series case at all of the younger
age-grade levels and in terms of the composite
sample. A similar case of relatively greater
task difficulty for cross classification compared
to double seriation is also shown, i.e., only °
the second-grade comparison fails to reach an
acceptable significance leval. Finally, the
double seriation reproduction task appears to

be of significantly greater difficulty than the
class/serles reproduction case, and thls.ls
most notable at the preschool and kindergarten
age-grade levels where a sufficient degree of
inter-task variability (absence of ceiling ef-_
fects) permits direct comparisons. Thus, the
relative task difficulties for the three matil:
reproduction cases-are as follows: cross
classification > double seriatio:. > class/series.

In the matrix transposition task case, the
relative difficulties are somewhat less distinct
(see Table 25). Considering initially the three i
matrices together, bochran Q va.ues for the
number of passing subjects were 7.88 (pre-
school), 9.91 (kindergarten), and 9.94 (first
grade), indicating significant differences
across the matrix transposition subtasks (all
probabilities less than .05). The douhle seri-
ation transposition task is clearly more diffi-
cult than the class/series matrix case. In
addition, the cross classification transposition
task is alsé of\greater difficulty than the class/
serirs counterpart, at least insofar as the pre-
school, first grade, and overall composite
sample comparisons are concerned. There is
nbviously very little difference jn the relative
transposition task difficulties for the cross
classification and the double seriation matrices.
Thus, the rel-tive task difficulties for the three
matrix transpusition cases are as follows:
cross classificativn = double seriation > class/
series.

Returning to the reproduction tasks again,
Table 26 presents the number and percentage of
children who passed the reproduction tasks and
who exactlv reproducéd the various matrices as
ortyinally uresented w them (see scoring pro-
cedures_in the Methods section). The percent-

i.e., 78.6%, 80.4%, and 98.5% for the cross
classification, class/series, and double seri- /
ation matrix cases, respectively, closely par-
allel the earlier results of MacKay et al.,

(1970, pp. 793-794).
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Table 23
COMPARISON OF. THE RELATIVE DIFFICULTIES OF THE
REPRODUCTION VERSUS TRANSPOSITION MATRIX TASKS

Preschool

Kindergarten

First Grade

Second Grade

Comblngd

a

CCT x CCR CST x CSR DST x DSR
,CCT_ LGS 4 > ,DST_.
CccrR+_10] 7 CSR +| 21 {12 psr+ [11] 16
-1 4119 -Lol 7 "3 - it
,CCT _ LCST_ 4 L DST_
CCR+_14! 8 CcsR+| 24 113 CpSR+ |12 16
-1 ala -l 2 - Ll
LCCT _ b ,CST_ \ L DST_
CCR+! 23| 8 CSR +| 34 | 4 DSR+ |24 14
SIEEAN -Lol 2 - Lol »
LCCT _ LCST_ a , DST_
CCR+] 24 9 CSR + | 31 9 DSR + |30 7
-l al 3 -Lolo - ol 3
oo S LCST, , DST _
ccrR+| 71 | 32 CSR + 13|34 DSR + |77 53
114 | a3 -2 In . - |2 | 28

X2=6.283p<.00 X%=26.694p< .001 Xx2%=145.455p< .00l

ap< .01 (one-
bp < .05 (one-

»

tailed). ,
tailed).

-
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Table 24
]
COMPARISON ‘OF THE RELATIVE DIFFICULTIES OF THE
. v REPRODUCTION MATRIX TASKS
. * "CCRx DST CCR %XCSR CSR x DSR
Preschool LDSR_ 4 . , CSR _ . DSR _
CCR+|13. | 4 CCR + | 15 2 CSR + Lzs 7
-104 1 9 | - 5 - 6
»
Kind ren - . , DSR _ + CSR _ LDSR_ 4
’ CCR+[20 | 2 CCR+ | 21 Tl csR+ (27 |10
-_8 110 - |16 2 l -1 2
First Grad LDSR_ . CSR , DSR _
: ccr+ (30 | 1 ccr |31 | o csrR+ |37 | 1
- s 1 -7 {2 - 1
Second Grade . + DSR - + CSR - + DSR _
CCR + |32 1 CCR + | 33 0 CSR + | 37 3
- s 2 -2 0 - o 0
Combined , DSR _ . . CSR _. . DR _
CCR+[95 | 8 | * CCR+J100 CSR+ 127 { 21 |,
- 135 122 - 148 9 -.1_3 9

X2=15.721p<.001 X2=37.961p<.00l X2=12.042 p< .00l

A

3p < ,05 {two-tailed). 4
bp < .01 (two-tailed).

B 4

A}



. Table 25

TRANSPOSITION MATRIX TASKS

COMPARISON OF THE RELATIVE DIFFICULTIES OF THE

[}

CCT x DST ! CCT x CST

CCT + [.12 2

K‘;ndgggartgn + DST | + -

Secor\\g Grade + DST _ + CST _
i CCT+|24] 4 CCT + | 26 6
To- s 6 -ls | 7
Comblnad 4 DST _ + CST _
CCT +|58] 27 CCT + | 77 8
. -|211 s4 5 la

’ r

x2=.521" 4. X2=14.881 p<.00}

CST x DST
LDST_  a
csT+ |11 ] 10
-1 18
LDST_ 4

, DST _

CST + |70 41 I
Lol s |

X2 = 19,220 p < .001

-ag < .01 (two-tailed).
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Table 26

.
-

NUMBER AND PERCENTAGE OF SUCCESSFUL SUBJECTS, ACROSS THE
YOUNGLR GRADE LEVELS, WHQ EXACTLY REPRODUTED THE VARIOUS MATRICES

Cross Classification Classification Seriation Double Seriation
Exactly Exactly Exactly
No. Reproduced No. Reproduced No. |_Reproduced
Grade Passed | No.| % of Passing| Passed ! No.| % of Passing Passed| No.| % of Passing
Pre }7 9 52.94 - 33 22 66.7 27 27 100
K 22 |13 ©59.09 37 32 87.49 28 .| 28 100
1 . 31 29 83.55 38 29 76.32 38 | 36 94.74"
2 33 30 90.91 40 36 90.0 37 37 100 ’
Composite | 103 | 81 73.64 148 | 119 80.41 130 [128 98.46
A
| Table 27 -y
"NUMBER OF SUBJECTS FAILING EACH DIMENSION OF EACH MATRIX SUBTASK
FOR THE VARIOUS AGE-GRADE LEVELS '
— . ‘ & _
Cross Clsssification Classification Seriation
* Repro- Trans- Repro- Trans- Double Seriation
Grade’ duction positicn duction position Reproduction Transposition
color shape|colorishapd color|height|color|height]diameter helghg Filame}er height
@Pre 21 71 11 19 19 3] 7 8 19 9 11 11 28
K 13 7 18 13 F 1 3 9 13 4 12 | 17 ) T 24
1 7 2 10 8 1 2 1 6 1 2 7 8
2 6] 3 10| 5| o] o a| 8 2 3 5 8 |
3 5 2 p, 4 3 1 0 3 3 ‘1 0 2 3
4 2 0 3. 0 0 0 2 2 0 0 3 5
6 0 1 0 b 0 0 1 2 2 2 1 2,
All sa |26 |64 |48 | e |12 | 28| s3 | 19 |30 |4s 1 ea
Crades ( A
- 1 4
.! -
c‘ +
. t
Table 27 presents the types of error re- Misplacements based on height were also the
sponses {color vs. shape, color vs. height, predoniinant error category (contrasted with
and liameter vs. height) for the matrix per- the width or diameter dimension) for the double *
‘ormances. The predominant error category seriation cases, i.e., 66.22% and 64.62% of
for the cross classificatory tasks is culor the total sample error cases for the reproduc--
misplacement, i.e., 67.50% and 57.14% of tion and tx’ansposltlon tasks, respectively.
the reproduction and transpusition error cases, This latter tendency cuntrasts with the previ-
respectively, for the overall combined sample. ous findings of MacKay (1972, p. 601) which
In contrast, for the .lass/series matrix tasks tadicated that gorrect responses on the double
the present children made more errors on the seriation transposition task were more likely
height dimensicn (66.67% and 65.43%) than to focus upon the height dimension than upon
on the color dimension (33.33% and 34.57%). the diameter dimension. :
) . o -
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J Discussion

The present research study investigated
the classificatory abilities and related mul-
tiple relanonahty skills of 5- to i12-year-old
children. The concept task series included
sorting skills, understanding of "Some-All"
anc class inclusion relationships, and com-
bipatorial reatoning in axdiuion to reproduction
and transposition of multiple class, class
series, and double seriation matrices. As
anticipated 1n view of th> praviods < tatea
classificatory concept issessnent research
mamed scuie improvement )”er

" the present age-grace range (see Taples 2 to

- jects for all the various task settings.

5, and Figures 1'to 7). Significant age-graue
main effects were found for the mean trials
{Table 6), and percentages of successful sub-
There
was a general absence of significant sex
differences or sex-grade level interactions.
Few of the major presentation order compari-
sons were signiﬁcaﬁt.

The relative order of difficulty of the

- present Piagetian task array, in terms of the

-~

total sample (M = 260) performances may be
characterized as representing a series of
underbying ability groupings (see Table 7).
The scaling analyses generally substantiate
this picture. For the entire series of il task
settings, the obtamed reproductnility coef-
fictent of .91 with 67 {33.5%) of the subjects
exhibiting perfect scale patterns suggests the
presence of a quasiscale. More definitive
conclusions are possible for the reduced 7-
item array as evidenced in the performances
of 200 subjects (kindergarten to fourth-grade
subsample). In this instance the reproduci-
bility coefficient of .93 with 56% of the sub-
jects demonstrating ideal pas$/fail patterns
indicates a reasonably reliable scale. Con-
stdering these seven tasks and acknowledging

_the relatively low difficulty present in the free

sorting tadk and‘assummg' the "Some-All" task
to be of approximately equivalent difficulty to
cross classification transposition {free sorting

[

.~

1

L

and "Some-All" were not included in the
secondary scaling analysis), the following
task difficulty order appears: free sorting <
double series reproduction < cross class
reproduction < cross clas.; transposition <
"Some-All " ‘understanding < double series
transposition < producing three dichotomies
< class 1nclusion understanding < combina-
torial reasoning. In retrospect, one might
speculate that the free sorting and mairix
reproduction tasks actually represent pre>
operational abilities while combinatorial
reasoning assesses _a/ﬁgrmal operations
period abiiity. This would permit the con-
crete operations period "label” to be assignred
to the intermediate difficulty level tasks
(matrix transposition, "Some=-All," sorting
consistently and resorting exhaustively on
three criterial attributes, and class tnclusion).
In general, the present item difficulty results
are in close accord with the earlier findings
of Kotdky (1966), i.e., the concordant dif-
ficulty patterns fqr:the free sortmg, "Some-
All, " dichetomies, and ‘class inclusion tasks.
Although the present stuay was not
designed to explicitly evaluate the structural
postulate of Piagetian theory dealing with
Intra-stage correspondence, certain post hoc
generalizations are possible. Piaget has con-
sistently predicted developmental synchrony
for performance on task settings derived from
the classifrsatory and relatzonal groupements—--
cf. Piaget (1965, pp. 240- 243 1970a, pp. 723-
727; 197Cb, pp. 24-27 and 65~ 66) and
Inhelder and Piaget (1964, bp. 278-290). Thus
one would expect the respective matriy tasks
to be of equivalent difficuity (Hamel & Van
Cer Veer, 1972; Shantz, 1967; Smedslund,
1964). This. was clearly not the case in most
instances for the younger subjects in the
present sample. Moreover, Piaget also ¢on-
tends that tasks derived from the additive
grouggmenis should be mastered at approxi-
mately the same time as thcse based upon the

. o 45




multiplicativeé cases, i.e., groupement I,
primary addition of classes, and groypement
III, bi-univocal multiplication of classes (cf.
Flavell, 1963, pp..173-179 and 190-193).

To the extent thet the present class inclusion
and cross class fmatrix tasks represent these
respective gmggmgm_ a notably dlsparate
item difficulty pattern is evident. Class in-
clusion is clearly much more difficult than any
of the matrik tasks. As the scaling analyses
suggéét, there is very little evidence for
intra~stage correspondence in the present
results except for the sixth-grade subsample.
It may well be, as suggested by Flavell (1970,
pp. 1037-1040), that the stage correspondence
or concurrence postulaté must undergo consid-
erable revision in the light of recent noncon-
firmatory empirical evidence. . 3

The possibility that a single unitary factor
or dimension (e.g., as represented by the con-
crete period groypement operations) underlies
the present subjects’ performances seems rather
remote. As the results of the dimensionality
analyses indicated, several.performance dimen-
sions are‘present in the composite Piagetian
task series. Even when a subset of tasks was
examined {see Table 21) tvvo, and possibly
three, principal components were necessary to
accdunt for 75.3% to 84.7% of the task vari-
ances. Thus, while thé first component ac-
counting for 55.9% of the total variance indi-
cated uniformly consistent loadings for all
tasks (i.e., .68 to .82), the remaining task-
spec flc variances suggest that the present
tagk ar Xray does not represent a singlé psy-
chological dimension. Much of the observed
common task variance may indeed be a result
of shared method variance and this is, of
course, most notable for the six matrix tasks.
. Taken in conjunction with the task difficulty
patterns discussed above, the dimensionality
analvses certainly indicate a number of distinct
factors (all of which are related to chronologi-
cal age) as operative in the present subjects’
Piagetidan task performances.

A relatively small number of previous
investigations have applied factor analytic
techniques to the analysis of concrete opera-
tional task interrelationships. The majority
of these studies present factor patterns and
task loadings which are similar to the present
findings . Vernon (1965) administered a broad
range of intellectual tests to samples of
English and West Indian l1-year-old boys.
The test series included two Piagetian task
arrays (arithmetic-orientational and visuali-
zation-conservatior). While both of the
Piagétian task clusters loaded algnltlcantly
(.70) on the first-crder or “g" factor, there
were also significant loadlngs on a perceptual
factor for both subject subsamples and on a
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“practical” ability factor far the English sub-
ject subsample. A gimilar case of multiple
factor loadings was found by O'Bryan and
MacArthur (1967, 1969) for a series of 15
concrete operational task performances of 85
males (mean age, 8 1/2 years). Following
oblique rotation, two separate factors were
found which were said to correspond to the
two basic forms of reversibility--inversion
and reciprocity--postulated to underly chil-
dren's understandings of class and relational
concept tasks, respectively. Moreover,
these oblique primary.factors were not corre-
lated with each other. A third noncorrelated
factor was identified as "logical inclusion”
and revealed a significant loading only for a
class inclusion task such as that employed
“in the .present assessments.

A recent longitudinal assessment of nor-
mal and retarded children's logical reasoning
and moral judgment-conduct (Stephens, 1972;
Stephens, Glass, McLaughlin, & Miller, 1969)
has also indicated that a number ¢f separate
factors are -necessary to account for the per-
formance variability across a series of
Piagetian measures. The total sample of 150
children and adolescents (age range, 6 years
10 months to 18 years cn initial testing and
8 years 10 months to 20 years on second
testing) received g series of Piagetian concrete
and formal reason%sks, the age- apprcprlate
Wechsler Intelligence Scales, and the Wide
Range Achievement Tests (a total of 47 separ-
ate variables). Five factors were identified
for the initial test scores, and seven inter=
pretable factors resulted from the retesting
scores. In both instances the Piagetian tasks

~ loaded on factors distinct from those defining
the WISC, WAIS, and achievement tests. In
the initial assessment analysis, 23 of the

. Plagetian tasks showed significant positive
loadings (i.e., exceeding .25) on a single
"operativity" factor. In contrast, as in the
O'Bryan and MacArthur (1969) study, a separ-
ate factor was defined by loadings from a °*
hierarchical class inclusion task. The data
from the second testing session indicated
separate factors for conservation, spatial
orientation, spatial imagery, formal reasoning,
and class inclusion-combinatorial understanding.
The second principal component found in the
varimax rctation for.all 11 tasks in the present
study (see Table 20) also revealed high posi-
tive loadings for class inclusion (.72) and
combinatorial reasoning (.94}, thus offering
further evidence for a separate Class Inclusion-
combinatorial structure factor. This factor
accounted for 27.8 percent of the variance
compared to 34.8 percent for the first princi-
pal component identified by the uniformly
consistent matrix task lcadings.
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Berzonsky, (1971) administered tests of
causal reasoning, concrete operations (seri-
ation, conservation, and class inclusion),
and formal reasoning (combinations and pen-
dulum) to 42 male and 42 female first-grade
children. Although the majority of the concrete
period tasks were found to load on a single
factor following varimax rotation (in this study
the sertation task Proved to be the exception),
a total of five separate factors were identified.
These results were interpreted as not supporting
Piaget's claim that non-naturalistic {precausal)
reasdning is related to a preoperational logical
status. Berzonsky (1971) concluded, “While
both abilities were cleariy identified they
bear little relationship to each other. The
results are also at variance with the unitary
nature of logical thinking postulated by
Inhelder and Piaget (1958). Instead it is
suggested that at least three relatively inde-
pendent abilities are involved [p. 475]."

The one exception to this consistently
nonunitary picture of Piagetian concept per-
formances (including the present results)
would appear to be a recent methodological
analysis of the egocentrism construct by
Rubin {1973). In this investigation, measures
of cognitive, spatial, role-taking, and com-
municative egoceatrism, and conservation (the
Goldscnmid-Bentler Concept Assessment Kit,
Form &) were given to 10 boys and 10 girls
from kindergarten @and second, fourth, and
sixth grades (total N = 80). Following vari-
max rotation, all of the tasks were found to
load significantly on an initial "decentration”
factor which accéounted for 56.9% of the total
variance.

Insofar as these dimensionality studies
are concerned, it would appear that factors
unique to Piagetian concept task requirements
can e readily observed. This is especially
true for heterogeneous task arrays which
include non-Piagetian standardized tests (e.g..
Stephens, 1972; Vernon, 1965) or wide age~
rance subject samples (e.g., Rubin, 1973;
Stephens, 1972). Yet the probability of
obtaining nonrelated Piagetian factors for
restricted age samples (e.g., Berzonsky, 1971;
O'Bryan & MacArthur, 1969) and wider age
intervals (e.g., Stephens, 1972; the present

_results) appears equally likely.

Finally, certain conclusions regarding the
children's matrix task performances are in
order. The performance patterns of the present
subject sample on the various matrix tasks
are in some respects concor;lant with the ear-
lier results of MacKay et al’. (1970) but notably
disparate,in a number of important aspects.

As was shown in the earlier study, children's
overall understanding of the matrix task
requirements improved markedly from S to 8

years of age, Also, the reproduction subtasks
proved to be of significantly lesser difficulty
than the transposition subtasks, and this wgs
particularly evident for the two cases which
dealt with a continuous dimension, i.e., a
the class/series and double seriation matrices
(see Table 23)., Moreover, the great majority
of children who successfully reproduced the
various matrices responded by presenting an
identical reproduction (see Table 26); this is
in essential agreement with previous findings

.of MacKay et al.

In decided contrast to these essential
replications, the contentions. that

"The ability to construct a matrix

composed of discrete categories

{cross classification) is develop-

mentally an earlier acquisition

than the ability to construct one

composed of relational variables

(double seriation) . . . fand)-. . .

A matrix- composed of discrete

categories in both directions (cross)

classification) is of equivalent

difficulty to one constructed of

discrete categories in one direc~

tion and a relational variable in

the other (class/series case)

[MacKay et al., 1970, p. 795]
are not borne out in the present result patterns.
The overall relative matrix difficulties weré = -
cross classification > double seriatign <
ctass/series for the reproduction task require-
ment and cross classification = double seria-
tion > class/series for the transposition task
requirement (see Tables 24 and 25). In addi-
tion to these contrasts with the results of
MacKay et al. (1970), the greater difficulty of
cross classification compared to double seri-
ation (reproduction case) and the equivalent
difffculty demonstrated for the transposition
cases fail to agree with Lagattuta's (1970)
findings. -

In the present’investigation, explicit
attention was directed toward an accurate
replication of the MacKay et al (1970) inves-
tigation. This included consideration of the
stimulus materials, instructional sets, and
scoring procedures utilized in addition to the
selection of closely comparable subject

) samples. The single major exception to this

concerns the task materials used in the double
seriation matrix tasks. In the earlier Bruner
and Kenney, (1966) and MacKay et al. (1970)
studies, clear plastic beakers and open-ended
gray plastic cylinders, respectively, were
used. The present study, in contrast, used
solid wooden cylindrical blocks of comparable
height and diameter dimensions. Frum an
assessment task viewpoint, the two investi-
gatl:ons are decidedly similar.
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In tenrs of yeneral research paradigms,
the present study umbodies an Jmherently
superior within-subject assessment Jdesiyn,
i.e., all the children received all the ta.ks,
thus permitting Jdirect comparisons of relative
task difficulties. This superiority is particu-
larly 1wtewarthy 1n view of the fact that pre-

. it oy
_sentation order effects were notably absent.

The present study included 280 subjects while
the earlier investiqétions of MacKay et al.
(1970) assessed 90 and 48 children, respec-
tively. In addition to these considerations,
the present investigation, in apparent.contrast
to the MacKay et.al. (1970) study, distin-

" guished between appropriate directional and

aondivectional inference tests (i.e., the one-
tailed probability values associated for the
age-grade levels and the reproduction versus
transposition subtask comparisohs, and the
two-tailed probability values for the various
matrix type comparisons such as cross class
versus double serles). .

The fact that the present res alts substan-
tiate the pattern that reproduction tasks are
significantly less difficult than transposition
tasks as found by Bruner and Kenney (196%)
and :4acKay et al. (1970) presents some as-
surance that we are indeed lealing with simi-
lar behavioral phenomena. In this rejard, ~
while the present results c.icerning the com-
parative difficulty >f the cross class and the
double series matrix cases disagree rather
sharply with MacKay et al. (1970), the data
are in general accord with the original re-
search of Bruner and Piaget. Bruner and Ken-
ney (1966, p. 158) found that 60% of the 5-
year-olds, 70% ot the 6-year-olds, and 80%
of the 7-year-olds could successfully repro-
duce the double series matrix. The compari-
son percentages for the present appropriate
age-jrade groups are 67.5%, 70%, ani 95%,
respectively. For the doukle seriation trans-
position case, the comparison percentage
values are in less clear ajreement, 1.e.,
0.0% for Bruner & Kenney vs. (30%), 284 (32%)
{32%), and 80% (60.0%) for the 5-, 6-, and
7-year-old subjeéts. In similar fashion, al-
though Inhelder and Piaget did not utilize any
Jirect counterpart to the present reproduction
and transposition subtasks, their contention
that “children reach an operational level in
the multiplication of series about the same
period (7-8 years) as cross classification
{p. 278)" agreés with the present case of
equivalent difficulty for cross class ard
double series transposition.

These general performance similarities
notwithstanding, there appear to be certain
critical methodological deficiencies in the
present hatrix task formats. These deficien=~
cies concern the suppose.dly equivalent task

“

requirements for the ctoss class and dJdouble
series matrix cases. One wuuld presume that
all task solution requiremeints and tustructional
sets would be comparable for the reproduction
and transposition problems. Any performance’
differences between the cross class and Jdouble
series matrices would thus be attributable to
stunulus array Jdifferences stemming from the
logical categories at issue, i.e., Jdiscrete
class exemplars representing class intersec-
tions (e.g., ﬁd circles) versus ordered items
representing continuous underlying dimensions.
This may be an operationally valid judgment
for the reproduction subtask, but it 1s clearly
not true for.the transposition cases.

In actuality, transposition, as Bruner &
Kenney (1966) define the term, applies only to,
concept’tasks such as multiple seriation in
which the relevant relationships among the
stimuli are asymmetrical. The concept of
asymmetrical relations is a Jdeifining attribute
of "transposition." In contrast, the defining’
relationship in a cross classification problem
(matrix format or otherwise) 1s a symmetrical
one, i.e., the relation of an exemplar to its
class. Thus, the cross classification matrix
1s logically incapable of satisfyiny the mini-
mum requirement for a transposition iistruc-
tional set (C. J. Brawner i, personal commuui~
cation, November 24, 1972). }

As these logical considerations imply, the
present cross class matrix transposition task
may be "solved" in a number of ways so long
as the color/form placements are consistent
across the three ¢olumns/rows. The essential
arbitrariness of the placements of the class
dimensions permits a greater number of correct
patterns than is true for the double series
transposition counterpart. However, the pre-
sent matrix formats simply do not permit any
rigorous Jetermination of the relative difficul-
ties-of multiple class versus multiple series
concepts. What is required, of course, is a
task format which would operationally ¢quate
the cross class and double series transposi-
tion problems. Consider the following argu-
ment: .

We wish to determine if a child 1s capable '
of classifying a set of objects simultaneously °
on two dimensions. After carefully construct-
tnyg three squares, three circles, and three
triangles, and painting one of each shape red,
yvellow, and blue, we confront a child. What
do we ask him to do? We may ask him to ar-
range them in a nice pattern on a three-by-
three grid and observe whether he spontane-
vusly builds one of the 72 arrangements con-
sistestt by rows and columns of the 504u x 72
configurations available to him. While spun-
tanevus sorting may give us information con-
cerning his aesthetics, it1s difficult to draw

a
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conclusionstabout his ability to cross classi-
fy from this task. We must make it clearer
what is expected of him. s
On the other hand, if we exhibit the ob-
jects already cross classified in one manner,
remove them from the board, and ask him to
put them back the \qu they were, we confound
the task with visual and perhaps verbal, mem-
ory. Displacing one object from one corner
of the board to another and asking the subject
. to rebuild the transposed matrix adds a com-
ponent of spatial ability to the memory task.
Spatial ability, the ability to rotate a
visual image in short-term memory, is, how-
ever, something other than the ability to cross
classify. The transposition task may conceiv-
-ably be solved with reference to a visual
image. Two of the eight acceptable solutions
to the transposition task represent rigid trans-
_ formations of the original pattern and do not
provide unequivocal evidence that the subject
possesses the ability to cross classify.
. An appropriate task, in which success can
be attributed to the ability to consistently sort

on two dimensions, is involution of the matrix.

After presenting the objects arranged in a
cross classification, we remove them from the
board and place ome that had neen in a corner
in the center position. Tne child 1s asked to
put the other objects on the board to make the
same kind Of pattern as before. None of the
eight possible solutions are now reflections
ur rotations of the original visual pattern.

While cross classification can be tested
with matrix stimuli in this manner, double
seriation cannot be. A double seriaticn is a
cross classification of ordered attributes in
which the center cell is fixed and any of the
eight possible arrangements is a rigid trans-
formation of the initial array. Since any
Jdouble seriation is a special case of a cross
classification, the question of relative diffi-
_ culty admits of only two possible answers if
stimulus salience is held constant: (1) either
Jouble seriation is no different from any other
cross classification or (2) the additional per-
ceptual cue of seriated values of attributes
will enhance performance.

Employing the Bruner and Kenney (1966)
stimuli, cylinders varying on height and dia-
meter, we may present in Task A a cross clas-
sification which is not a double seriation,
e.g., placing the short, skinny cylinder in
the middle cell. After removing the pieces
from the board, the tall, fat cylinder is placed
in the middle cell and the subject is asked to
put the other objects on the board in the same
kind of pattern as before. Although the cylin-
ders are seriable, they have not been seriated,
and this cross classification task may differ

» from the color-form task only in stimulus

<

saliency. Task B is identical to Task A ex-
cept for the placement of the cylinder inter-
mediate in height and thickness in the middle
cell, thus forcing ahy correct cross classifi-
cation to be a double seriation. By counter-
balancmj Tasks A and B, the relative diffi-
culty of the two tasks canfie determined., . We
are here comparing the difﬁculty of producing
a double classification with that of producing a
double seriation, with stimuli and number of
possible solutions held constant. At is clear

that Task B cannot be more difficult than Task A. ‘2

The only empirical question is whether B is
sxgmficantly easier than A The authors}
presently conducting an investigation utilizing
matrix task formats as described here in addi-
:tion to the original cross class and double
series cases devised by MacKay et al. (1970).

In conclusion, the following primary
results have heen shown ir the present inves-
tigation:

1. As expected fiom previous research

on children's classificatory concept

acquis'tions, therc was a significant
improv: .nt across the age range (5 to

12 years) for ail the tasks employed.

Few significant sex differences were

found. \

). Consideration of tne pass/fail per-

formance patterns and associated

scaling analyses revealed a generally

reliable order of task difficulty, i.e.,

free sorting < double series reproduc-

tion < cross class reproduction < cross
class transposition < "Some-All" under-

standing < double geries transposition .

<producing three dichotomies < class

inclusion understanding < combinatorial
reasoning. These cross-sectional

findings suggest the possibility of a

" similar acquisition sequence for an
individual child over the present age
range.

3. The task dimensionality analyses

indicated that several performance

factors are present in the overall Piagetian

task series. This suggests a relatively
» nonunitary picture for cognitive growth

as assessed by classificatory tasks

related to concrete operations period
functioning.

4. The subsidiary matrix task analyses

indicated major discrepancies with the

previous research. As anticipated, the
matrix reproduction task requirement
was consistently less difficult than

the matrix transposition task. The

comparisons across the three matrix

types indicated the following orders of
difficulty for the younger subjects:

(a) reproduction task--cross classification
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> double seriation > classification seri-
ation, and (b) transposition task--cross

. classification = double seriation > clas-
sification seriation. However, major °

conceptual and methodological deficien-
cles in the present matrix transposition
task formats preclude any definitive
generalizations at this point.

60’

S. In essential agreement with the conten~
tions of Inhelder and Piaget (1964) and
Kofsky (1966), the child's understanding

of the logic inherent in class inclusion
relationships (combinatorial structure)
evolves -gradually and is contingent upon
the earlier mastery of certain classifica~-
tory skills of lesser complexity.
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GROUP 1 ’

t

. —————
———
———

3 small blue squares 3 small red squares

Materials:
‘ 2 large blue sguareé 3'large red squares
3 small blue circles 3 small red circles
3 large blue circies 2 large red circles
Warn-Up - R
o The examiner®places all objects randomly on the table and says, "Here

-

are some blocks for us to work with, Tell me what you see."

)

If the child doed not spontaneously say, “red," “blue,”" "circle," "square."l

|

~

“big," "little,” the examiner picks up two blocks at a time for contrast and
asks the child, "Are these (just) the same? How are they different?" or "What's
different about them?" The examiner conti;ues this process until the child has
beenvpresented w%th contrasts representing each of tﬁe attributes (color, size,
shape) that he did not say spontaneously. When the child correctly identifiqs
an attribute, the examiner indicates that he is correct and repeats the name -
of the attribute. To conclude the warm-up, the examiner summséizes, "'Good,

T
are blué, and thatasome are big and some are small." }

|
!
f

you told me that there are squares and circles, that some are red and some

Criteria

Any child who cannot distinguish, as indicated by some form of labelin%5

between the attributes presented --111 be eliminated from the sample. |

|
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FREE SORT
The examiner places all objects randomly on the table and says, "Put

together all the blocks that go with each other." (The examiner should not

use the-words alike or different.) When the child has ‘finished, the examiner .

asks, '"Why did you put the blocks together like this?"

The examiner may repeat the directions three to four times, but the
child should not be pushed. If the child responds, the examiner should be
certain to ask if the child is finished before asking for an explanation.
If.the child does not respond, the examiner should go on to ‘the firat

) dichotomy.




DICHOTOMOUS SORTING -

Materials: Same as in the free sort Easks, plus 2 flat open.boxes.

-

First Dichotomy .
The;examiner mixes all the objects randomly, puts two boxes in front !
of the child and s§§s, "Here.are two boxes. Now I want you to divide these -
blocks into t;o bunches. Put one kind in this box, and ohe'ki;d in this box."
. Wﬁen the ébild has finighed, the examiner, pointing to one box and then the .
other, says, "Why did you put these in here ‘and these in here?"
The examiner may repeat the directions three to four times, but the
child should not be pushed. If the child makes any kind of dichotomy, go on to
the second dichbtomy. Ié.the child does not respond ‘at ali, the examiner k c

“ should go on-to the next task.

T

Sceond Dichotomy .

The obiects are again mixed and the examiner says, "Last time you 3

separated the two (colors, 'sizes, shapes). This time I want

you to make two bunches in another way. Put one kind in here and one kind in

here. Remember, do it in a different wé;ﬁ" (If the child ‘starts to repeat his

first dichotomy, the examiner allows him to finish what he started.) Wh:? the
child has fihished, the examiner, pointing to one box and then the other says,
"Why did you put these in here and these in here?"
The examiner may repeat the directiohs. If the child makes a sécond dichotomy )

.

of any kind (including a repeat of the first dichotomy), the examiner should go on

4
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to the third diéhotomy. If the child dbes noe pond, the examiner should go
on to the next task. .

[y R ~

Third Dichotomy

The objects are again mixed and the examiner says, "First yoL separated
the two (éolors, sizes, shapes), and then you separated the
two (colors, sizes, shapes). This time I wint you to make
two bunches in even another way. ;ut one kind in here #nd one kind in here.
Remember, do it in even a different way." (If the child repeats his first‘ar

- .

Sceond dichotomy, the examiner allows him to finish what he sLaned.j When the |
thild has finished, the examiner, nointin} to one box and then the other says,
"Wny did you put these 1n here and thes¢/in here}“

At this point: (a) if the child has made two of the three possible
dihotomies, the examiner should go on to a fourth dichotom}. repeating directions
for the third dichotomy; (b) if the child has made‘only one of the dichotomies or

has made all three dichotomies, the examiner should go on to the next task.

v




GROUP 11

SOME~ALL

Materials: &4 blue squares
- ) 2 blue triangles
L . o 3 red triangles
> Procedure: ¢
i The examiner places the blocks on the table in random order, the Qlocks
. all oriented in the same direction, and says, "Tell me what you see here." 1If

~

® the child does.not spontaneously say, "triangle,

" “squaxe," the examiner asks

what shapes he sees. If the ¢hild does not spontaneously say "red," "blue,”
the examiner asks what colors he sees. The examiner says,
"1. "Loak at all the red<blocks." Wh;n the child has finished looking the
- examiner continues. "Are all the red blocks triangles?"

2. "Look 3t all the triangle blocks . . . . Are all the triangle blocks red?"
"Look at all the square blocks . . . . Are all Qh? squa}e blocks blue?"

+4. "Look at all the blue blocks . . . . Are all-the blue blocks squares?”

. °

The four questidns are presented in random order. For the last two ques}ions

presented the examiner asks, "How do you know?" ‘

61
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CLASS INCLUSION \
- 2
° Q
Materials: 3 red triangles: 3 yellow circles
2 blue triangles 2 blue circles

4 blue squares

Procedure:
For‘each task the-examiner places the glocia on the table in random
order. The child may count the blocks but may not manipulite or éroup them.
1. Mate:ials:’ 3 red triangles, 2 blue triangles.
The examiner places the triangles, all oriented in the same
diréktion, on the table and says, "Tell me what vou see here.
If the child does not spontaneously count the blocks, the ‘
examiner asks, "How many triangle ﬁlocka are there? How many » l
blue blocks? How many red blocks?" The examiner then asks,
"Are there more triangle‘blocks or more red blocks? . . .°more
triangle blocks or more red blocks?
2. Mat%rials: 3 yellow circles, 2 blue circles.
The exapiner places the circles on the table and asks the
child to count them (as in 1). The examiner then as%s, "Are
there more blue blocks ;r more circle blocks? . . . more blue -
blocks or more circle blocks?"
3. Materials: 3 red triangles, 2 blue triangles, 4 blue squares.

The examiner places the objects, all oriented in the same

direction, or. the table and asks the child to count_then



(as in 1). The examiner then asks, (a) "Are there more triangle

blocks or more red blocks? . . . more'triangle blocks or more 0

red blocks? How do you know?" (b) "Are there more blue blocks

or moge square blocks? . . . more blue blocks or more square

blocks? How do you knqw?" (c) "Are there more blue blocks

or more triangle blocks? ., . . more blue élocks or more triangle :

blocks? How do you know?" .

If in any case. the subject does not respond, or responds in terms of the

wrong attributes, the examiner may—reﬁeat the questioning once.
On the last three trials the examiner asks, "How do you know?"

> <
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GROUP IT1
. CROSS CLASSIFICATION MATRIX

The examiner places the blocks on the board in the following positions:

S
A . B! Blue ]
A O (] Yellow
é%k é%; EJl Red

E

- ¥

«

From where the child is sitting, red is on top, yellow in the middle, and blue
on the bottom. Squares are at his/her left, circles are in the center, and

! triangles are at the vight.

Warm-Up

The examiner places the nine blocks on the table and says, "Tell me what

you see here." If the child does not spontaneously give the attributes, "tyiangle,"

“circle, square, ' the examiner asks what shapes he sees. If the child does

>

not spontaneously give the attributes "red," "yellow," ''blue," the examiner asks
what colors he sees. y .

The examiner then says, "Now I am going to put the blocks on here in a

special way." He places the blocks on the board saying, "Look very carefully

at how the blocks go."

GPO BO7 2634
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Replace;enq

The examiner says, "Now I am going to take away one block and I want
you to put it back so that the board looks just the same as it does right now."
These directions may be repeated in order to insure that the child realizes
wiat is expected of him. If the child tends to watch the examiner while
listening to the directions, he is asked to watch the board carefully before
the examiner removes the block. The examiner then removes one block (randomly
selected), puts it on the table near the bottom left of the board, and says,
"Now you put this block back where it belengs.” When the child has finished
the examiner'says,‘"Now I am going to take away two blocks and I Gzﬁh you to
put them back so the board looks just the same as it does right now."” The
examiner then removes two adjacent blocks (randomly selected) and says, 'Now
you put these back where they belong." When the child has finished the examiner
says, "Now I am goihg to take away three blocks and I want you to put them back
so the board looks just the same as it does right now." The examiner then
removes the blocks on one of the diagoanals and ‘says, '"Now you put these back

where they belong."

Reproduction
The examiner says, "This time I am going to take all of the blocks off
the board and T want you to put them back ‘so the board looks just the same as

it does right now. Look at the board very carefully so you can remember just

what it looks like."” When the child has finished looking the examiner removes

the blocks, mixes them, and says, "Now I want you to puththe blocks back so that

’

the board looks just the same as it did before."
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Transposition

The examiner says, "This time I am going to take all of the blocks off
of the board again. Then I am going to put one back, but it will He in a
different place. I want you to put the blocks back so they make a pattern like
this one. Now, look at the board again very carefuily so you can remember just
what it looks 1ike." When the child has finished looking the examiner removes
all of the blocks, mixes them, and places the bottom left-hand block (blue square)
at the top left-hand corner. The examiner then says, "Now you put all these

blocks back on the board so they make a pattern like they did before. Renemoer,

this one must stay right here.” If the child 1ifts the blue square, he is

reminded that it is to stay in its place.

General

The child is always reassured about his performance whether he repiaces
all the obiects correctly or not. If at any time the child replaces th% blocks
incorrectly, they are placed correctly by the examiner before Proceeding to the
next task. However, when this happens the examiner reassures the‘child that he
is doing well and explains that he (the examiner) is arranging the blocks for

the next game. After the warm-up, the exaniner pever mentions the color or
?

shape of any of the blocks.'

66 o ’ 74
ERIC :

.
N .




e

ERIC

Aruitoxt provided by Eic:

e

sy R

CLASSIFICATION SERIATION MATRIX
' \

The examiner places the blocks on the board in the following positions:

{tn

B-1 | ¥Y-1 | R-1

|ty

~
» -

From where the child is sitting, the tall cylinders are on the top,vthe nedium
cylinders are in the middle, and the short cylinders are on the bottom. The
red cylinders are at his/her left, yellows are in the center, and blues are at
’the right. ‘ .
Warm-Up .

The examiner places the nine blocks onvthe table and says, '"Tell me what
you see here." If the child does not spontaneously give the attributes,® "red,"
"yellow," "blue," the examiner asks what colors @e sees. If the child doe;/not
spontaneously mention tpe different heights, the examiner points to blocks
differing in height (same color) and Aaks how they-are different.

The examiner then says, '"Now I am going to pug the blocks on here in a
special way." He places the blocks on the board saying, "Look very carefully

at how the blocks go."
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Replacement . »

The examiner says, "Now.I am goingsto take away one block and I want you
to put it back so that the board looks just the same as it does right now."
These directions may be repeéted in order to insure that the child realizes
what is expected of him. %f the child tends to watch the ex;miner while
listening to the direétions, he is asked to watch the board carefully before
the examiner removes the block. The examiner then removes one block (randomly
selec;ed),'puts it on the table near the bottom left of the board, and says,
""Now you put this block back where it belongs." W%en the child has finished
the examiner says, "Now I am going to take away two blocks and I 'want you to
put them back so the board looks just the same as it does right now." The
examiner then removes two -adjacent blocks (randomly selected) and says, "Now

you put these back where they belong." When the child has finished the examiner

says, "Now I am golng to take away three blocks and I want you to put them

back 2o the board looks just the same as it does right now." The examiner
then removes the blocks on one of the diagonals and says, "Now you put these back

where they belong."

Reproduction
The/examiner says, "This time I am going to take all of the blocks off

the board and I want you to put them back so the board looks just the same as

it does right now. Look at the board very carefully so you can remember just

what it looks like." When the child has finished looking the examiner removes the '

blocks, mixes them, and says, "Now I want you to put the blocks back so t'.at the

board looks just the same as it did before."

LT
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Transposition
The examiner says, "This time Ivam going to take all of the blocks off of
the board again. Then I am going to put one back, but it will be in a different

place. I want you to put the blocks back so they make a pattern like this one.

Now, look at the board again very carefully so you can remember just what it
looks 1ike." When the child has finished looking the examiner removes all of
the blocks, mixes them, and places the botfom left-hand block (R-1) at the
top left—hand corner. \The examiner then says, "Now you put all these blocks

back on the board so they make a pattern like they did before. Remember, this

one must stay right here." If the child lifts the cylinder, he is reminded

that it is to stay in its place.

General

The child is alway% reassured about his performance whether he replaces
all the objécts correctly or not., If at any time‘the child replaces the
blocks incorrectly, they are placed correctly by the examiner before préoceeding
to the next task. However, when this happens the examiner reassures the child
that he is do}ng well and explains that he (the examiner) is arranging the
blocks for the next game. After the warm-up, the examiner never mentions the

color or height of any of the blocks.




DOUBLE SERIATION MATRIX

The examiner places the blocks on the board in the following positicns:

s

S-1 | M-1~} F-1

It=

From where the child is sitting, the tall cylinders are on the top, the medium
height cylinders are in the middle, and the short cylinders are on the bottom.
Wide cylinders are at his/her left, the medium width cylinders are in the center,

and the narrow cylinders are at the right. !

“

Warn-Up .

The examiner places the nine blocks on the table and says, "TeIl me what
you see here." 1If t;e child does not spontaneously mention the different
heights, the examiner points to blocks differing in height (but not width)
and asks how they are different. If the child does not spontaneously mention

‘L. the different widths, the examinér points to blocks differing in width (but
not height), and.asks how they are different. (If'the child hesitates, the

examiner may provide him with the words "gkinny" and "fat.") .
The examiner thén says, "Now I am going to put the blocks on here in a

special way." He places the blocks on the board saying, "Look very carefully

at how the blocks go."

70

ERIC

Aruitoxt provided by Eic: -




ERIC

Aruitoxt provided by Eic:

Replacement
/
The examiner says, "Now I am going to take away one block and I want you

to put it back so that the board looks just the same as it does right now."

These directions may be repeated in order to insure that the child-.realizes

/
what is expected of him., If the child tends to watch the examiZer while

listening to the directions, he 1s asked to watch the board carefully before
the examiner removes the block. The examiner then removes on% logk (randomly

selected), puts it on the table near the bottom left of the bofrd, and says,

"Now you put this block back where it belongs."” When the child has finished the

examiner says, "Now I am going to take away two blocks and I want you to put

them back so the board looks just the same as it does right 7ow." The examiner

- 2
then removes two adjacent block (randomly selected) and says, ''Now you put these

bhck where they belong." When the child has finished the examiner says, "Now

I am going to take away three blocks and I want you to put fhem back so the
board looks just the same as it does right now.”" The exam?ner then removes
the blocks on one of the diagonals and says, "Now you put these back where
they belong." /

I )
. 3 )
Reproduction /

The examiner says, "This time I am going to take 811 of the blocks off

the board and I want you to put them back so the board looks Just the same as
!
!

it does right now. Look at the board very carefully so/you can remember just
' i

what it looks like." When the child has finished looki?g the examiner removes

the blocks, mixes them, and says, "Now I want you to pﬁt the blocks back so that ‘

the board looxs just the same as it did before." ’
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Transposition
The examiner says, "This time I am going to take all of the blocks off
. I
of the board again. Then I am going to put one back, but it will be in a

different place. I want you to put the blocks back so they make a pattern

v+ like this one. Now, look at the board again very carefully so you can
remember just what it looks like." When the child has finished looking the
examiner removes all.of the blocks, mixes them, and places the bottom left-hand
block (F-1) at the top left-hand corner. The examiner then says, "Now you

put all these blocks back on the board so they make a pattern like they did

before. Remember, this one must stay right here:" 1If the child 1lifts block

* F-1, he is reminded that it is to stay in its place.

General

The child is always reassured about his performance whether he replaces
all the objects correctly or not. If at any time the child replaces the
blocks incorrectly, they are placed correctly by the fxaminer before proceeding

to the next task. However, when this happens the examiner reassures the child

" that he is doing well and explains that he (the examiner) is arranging the

blocks for the next game. After the warn-up, the examiner never mentions the
height or width of any of the blocks. ”
\
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COMBINATORIAL REASONING

Materials: Counting chips: 10 red, 10 green, 10 yellow, 10 blue, 10 white,

10 orange, 10 brown, 10 light blue.
Two Colors
The examiner places on the table the pile of 10 red chips and next to
these the pile of 10 green chips and explains, “Now we are going to work with
Here are some red chips and here are Some green chips.’

chips of different colors.

With these red and green chips I can make a pair like this (RG), one red and one

. .

green." .

Three Colors
The examiner then places on the table a pile of 10 yellow chips and says,

-

"Let's use the yellow chips too. Now, I want you‘to make a pair of colors that
is different from this pair. Put your palr right here under this (RG) one."
If the child hesitates, the }xaminer repeats the directions. If the child still
has difficulty, the examiner may repeat the directions a third time and help the
child to make a second pair (either R¥ or GY)..

When this is done ;he'examiner says, '""Cood, you have two different pairs

of colors; now, put together another pair of colors that you don't have yet.

Put it here (under the two paris already completed).”

The examiner may repeat

81 :
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the directions if necessary. If the child has particular di%ficulty, the
examiner puts down one of whichever colcr 18 needed and says, "Put another
color here next to the--—--one. Put another color that is not----- (the color
already paired with the color pfesented).“
Rules
The examiner explains, “This was practice to help you understand the game
with the chips. There are two things to‘geﬁember about using the chips. First,
remember that each pair you make is to have two different colors. Does this
paif (RR) count?" If the child says, "No," the examinerégsks, "Why?" 1If the
child says, "Yes," the examiner repeats the instructions and presents a
second example (YY or GG). Once the child understands the rule, the examiner
continues, "So, the first rule is that each pair has two colors. Second, remember
" that each time you are to put down a new (different) pair of colors. In this
game this (GR) counts the same as this (RG) since they both use the same colors.

Each time you put down a new pair of colors.”" The examiner then puts down

another pair of colors that is the reverse of a pair altead; out and asks, '"Does
this.count?" If the child says, 'No," the examiner asks, "Why?" If the child
says, ''Yes," the examiner explains that X and Y are the same two colors as Y and
X so they do not count as a new pair. The examiner then presents a second pair
that §s the reverse of a pair already on the table and discusses it as before.
-

Once. the child understands the rule, the examiner has him help put the chips

back in their color piles.




Four Colors i

<

When the chips are again in their color piles the examiner takes out the

.

pile of 10 blue chips and places the four piles in a horizontal row about 15
inches in front cf the child and says, "Now, show me all tjfe pairs you can make

using these four*colors. Remegber, each pair must have two colors and each

time you are to put down a new pair of colors." If the child seems to have
A .

difficulty startiné the examiner may repeat the directions twice but may not

manipslate the chips. If the subject pauses for a loné time or says, "That's

all," before completing all six possible pairs, the ekxaminer says, "Look and

see if you can find any more pairs." (This prompt may be given only once.)
i When the child has finisted the examiner asks, "How did you decide to make this

pair, then this pair . . . 7" The examiner then has the ct 'ld help him put the

v

chips back in their color piles.

i

Six Colors ' T
o

The examiner then adds a pile of 10 white chips and a pile of 10 orange

chips to the horizontal row of chips (they are placed at -ne end of the row to

~/// the child's right) and says, "Here are some white chips -e orange chips.
/ Now there are six colors. I want vou to_show me again how many pairs you can

w

make. Remember, each pair is to nave two colors and each time you are to put

down a new pair of colors.," 1If the child appeérs to have difficulty starting,

the examiner may repeat the dir-ctions twice but may not manipulate the chips.

1f the subject pauses for a long time or says, "That's all," before completing -
all 15 pocsible pairs, the examiner says, "Look and see if you can find any
s
' v
_~ - . oy
4 - r) -
¥
o N
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" more pairs.” (This prompt may be ‘given only once.) When the child has finished

the examiner asks, "How did you decide to make this pair, then-this pair . . . ?"
Eight Colors

° Leaving the chips as the child has arranged them on the table, the examiner
then presents 10 brown chips and 10 light blue chips’saying, "Now, here are some
brown chips and some light blue chips. This time, I want you t‘o show me how

many more pairs you can make. Show me how many more pairs you can make with

-

(now that you have) these new colors."
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Scoring Sheets For Classification Tasks
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Name N .

School

Grade

Birthday

Age

Sex

Examiner

. Date . &

Order of Adﬁinistration

GROUP I
Free Sort
Dichotomies
GROUP II
Some-All .
Classg Inclusion
GROUP III .
. Cross Classification Matrix -
s . Classification Seriation Matrix
} Double Seriation Matrix

GROUP IV

> . _—__ Combinatorial Reasoning <
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FREE SORT Time
"Put together all the blocks that go with each other."
Approach:
1. Criteria
a. keeps same
b. shifts
c. can't tell
2. Works quickly and efficiently
a. yes
b. no
c. yes, then no
d. no, then yes
#
Product: >
1. No response
Graphic Sort
a. no. of blocks used
b. arrangement (pattern)
3. Non-~Exbaustive. Sort
a. no. of plocks not sorted _- .
b. all blocks sorted, but mistakes made
4, Exhaustive Sort
If 3 or 4, 1s the sort according to:
a.” size e. silze and color H
b. shape f. shape and color * b
c. color g. size, shape, and color
d. size and shape h. other
Justification: .
"Why did you put the blocks together iike this?" | .
1. No justification N
2. Irrelevant justification
3. Relevant justification -
a. size shape "~ color
b. other
)
¢ Time
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FIRST DICHOTOMY : Time

’ L4
"Divide all these blocks into, two bunches. Put one kind in here and one kind in

LN

here."
Approjchs
. < 1. Criteria ‘ N
a. keeps same o . .
b. . shifts
c. can't tell °
2. Works quickly and efficiently .
.. a. yes
o b, no ,
’ c. yes, then no
d. no, then yes - .
Product: N
1. No dichotomy .
a. Graphic Sort , .
(1) no. of blocks used .
(2) arrangement (describe) ) .
‘ b. Non-Exhaustive Sort
. (1) no. of blocks not sorted
. (2) all blocks sorted, but ‘mistakes made . Ly,
c. Makes small grouping, but fails to dichotomize the groups according to
a set criterion . e :
. d. Equivalent Sort
e, Other b
iy

2, Dichotomous Sort

: 4
. *  Criterion: . L)
- (for 1ib, 1lc, 2) . .
a. size R .
b. shape .~
* ¢. color
Justification: ?
"Why did you put these in here and these in here?" .
R 1. No justification '
2. Irrelevant justification * d
4 ¢ c <
3. Relevant justification
a. size shape color

- b. other

v T T

Time _ _

-
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y SECOND DICHOTOMY Time

"Last time you separated the two ' (sizes, shapes, colors).
This time make two bunches in arother way. Put one kind in here and

ofie kind in here. Remember, do it in a different way."

Approach:
) 1. Criteria
4., keeps same
b. shifts
¢. can't tell
2. Works quickly and efficiently

a., yes .
‘“ b. no
¢, Yyes, then no
. d. no, then yves
v Product:
1. No dichotomy
- a. Graphic Sort ,
(1) no. of blocks used
(2) arrangement {describe)
b. Non-Exhaustive Sort
(1) no. of blocks not sorted
" (2) all blocks sorted, bLut mistakes made
° ¢, Makes small grouping, but fails to dichotomize the groups
according to a set crit- ‘ion
d. Equivalent Sort .
e. Other . )
2. Dichotomous Sort

Criterion:

(for 1b, lc, 2)

a. size

B b. shape

¢, color
Justification:

1,
2.

e 3.

.

ERIC
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"Why did you put these in here and these in here?"

No justification

Irrelevant justification - .

Relevant justification
a. size shape color
b. other _

Time

¥
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THIRD DICHOTOMY Time

"Pirst you separated the two (sizes, shapes, colors), and then
you separated the two (sizes, shapes, colors). This time I want‘
you to make two bunches in even another way. Put one kind in here ard one
kind in here. Remember, do it in even a different way."

Approach:

1.*' Criteria
a. keeps same
b. shifts
c. can't tell

2. Works quickly and efficiently

a. yes
b. no ¢ - -
c. yes, then no
d. no, then yes
Product: )

1. No dichotomy

a. Graphic Sort .
(1) no. of blocks used
(2) arrangement (describe)

b. Non=Exhaustive Sort
(1) no. of blocks not sorted
{2) all blocks sorted, but mistakes made

c. Makes small grouping, but fails to dichotomize the groups
according to a get criterion

d. Equivalent Sort

e. Other

2. Dichotomous Sort
Criterion: : K}
; -

(for 1b, lc, 2) ) . Y

a. size
b. shape
c. color

Justification:

"Why did you put thege in here and these in here?" }
1. No justification

2. Irrelevant justification

° 3. Relevant justification
a., size shape color
b. other

: Time

o
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FOURTYH DICHOTOMY . Time

"First you separated the two .. _(sizes, shapes, colors), and then

. you sep:rated the two , * (sizes, shapes, colors). This time I
want you to make two hbuuches in even another way. Put one kind in here and_

one kind in here. Remembér. do it in even a different way."

Approach:

_ 1, Criteria s
a. keeps same
b, shifts

c. can't tell

2. Works quickly and efficiently
. [ a. yes ‘
b. no
¢. Yyes, then no
d. no, tien yes

Product:

1. No dichotomy
’ . a. Graphic Sort .
(1) no. of blocks used o .
(2) arrsngement (describe) _ o
- b. Non~Exhaustive Sorxt
(1) no. of blocks not sorted .
, (2) all blocks sorted, but nmistakes made ‘
c. Makes small grouping, but fails to dichotomize the j-roups
according to a set criterion
d. Equivalent Sort
e. Other _ _ —

2. Dichotomous Sort

Criterion:

(for 1b, lc, 2)
a. s8ize . .

. b. share .
c. color s

Justification:

» [3

"Why did you put these in here and these in here?"

1. No justificatioh

2. 1Irrelevant justification .

? 3. Relevant justification
. a. size shape color N
b. other - . . d |
Time ' ‘
. .
83
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SOME-ALL

Materials:

Time

4 blue squares
2 blue triangles
3 red triangles

Randomize order, ask for justification on ldst two ("How do you know?")

[

- —_—

84
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"Look at all the yed blocks . . . . Are all the red blocks triangles?"
Answer: Yes* No

Justification:

"Look at all the triangle blocks . . . . Are all the ciiangle blocks -

red?"
Answer: Yes No* 3
Justificatibn:

L4
"Look at all the gquare blocks . . . . Are all the square blocks

blue?" -
Answer: Yes* No .

Justification:

"Look at all the blue blocks . ... . Are all the blue blocks square?"

o
Answer: Yes No*

Justification:
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CLASS INCLUSION

1. Materials:

™

3 red triangles, 2 blue triangles

Time

"Are there more triangle blocks or more red blocks?"

P 4

f

Answer: )

a, more triangles*

b. more reds

c. other :
[]

2. Materials: 3 yellow circles, 2 blue citcles
!

b

"Are there more blue blocks or more cir¢le blocks?"

Answer:

a.
b.
i4 c.

3. Materials: 3 red triangies, 2 blue triangles, 4 blue squares
4

more circles*
more blues
other

i

'

t

f

'

3a. "Are there more triangle blocks or more red blocks?"

.

I

Answer: X
a. more triangles*
b, more reds ,
c. other
N
" n 1 i
Jugtification ("Howido you khow?") X —

¢

i

/

3b. "Are there more blue blocks or moreisquare blocks?"

An
a.
b,
c.

Justification ("How do you know?'')
Ll

swer:
more blues*
more squares

other

«

< 3c. "Are there more blue blocks or more triangle blocks?"

. Angwer:
a. more blues*
b. more triangles e
¢c. other 1 2
t i
Justification ('How do you- know?") ['_ .
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CROSS CLASSIFICATION MATRIX

b. transposed (indicate)
c. inconsistent (draw)

Trgnsposition

86
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Replacement
One block
a: placed correctly
b. other
Two blocks
. placed correctly
b. placed in reversed order
c, other
Three blocks
a. placed correctly
N R b. other
Reproduction
Color
a. identical
b. transposed (indicate)
c. inconsistent (draw)
Shape
e a. identical \

Time

O p

> > b
= O | @ p-

HY)

17

[tms

173

Time
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Aruitoxt provided by Eic:

CLASSIFICATION SERIATION MATRIX

Replacement.
One block
a. placed correctly

b. other

Time

Two blocks
a. placed correctly
b. placed in reversed order
c. other

Three blocks
a. placed correctly
b. other

Reproduction
Color
a. didentical
b. transposed (indicace)
c. inconsistent .(draw)

Height -
a. didentical "
b. transposed (indicate)
¢. inconsistent (draw)

[y

Transposition

'

»

Time

S
B Y R
B-1 | v1]|Rr1M2
B-2 | -2 | -2 |2
B-3 | Y-3 | R-3 |3
E
S
E
S
E
s
r-1
E

87.
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DOUBLE SERTATION MATRIX

Replacement
One block
a. placed correctly

. b. other

~

Two blocks -
a. placed correctly

b. placed in reversed order

$-3 143 {F-3 |3

c. other 1
. E
\
3
rd
Three blocks
a. placed correctly
b. * other
E
s s
Reproduction
Width
a. 1dentical b
b. transposed (indicate)
c. 1inconsistent (draw)
Height
.a. identical )
b. transposed (indicate) E
c. 1inconsistent (draw) -
e s
T .
xransposition P-1
J
E
Time
E4 ¢ N ) oro $07-268-3
88 .
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N “Show me all-.t:he pair.s you can make using t:hese & col. ox"s. Ren!emUer, each .
. pa;.r nust have, twg coléf‘s ands.each time you are t:o put: down a ney* pair of colors. to~. -,
. e . - - R . _—_— : .
b, - Four Colors : ~ . ) - . . . , -
‘ A R - \ .. “Lo . .
e v RY . _* GB ° . . :_number correct, pairs -, . .
Lt T RB- ¥B° . Yy . number repeats %+ ¢ ® '
- » . - ¥
. . F 3 v . 2 o , ’ .a“ R ) .. . ’ L Y . \
‘ . n ’ ’ o . .
SO Approach. . . . ’ ° TN . ., .. =
. e J1. X& remain g colors 'Y & remaining colors, etc. . . <
4 " 7 2. Makes surg each color there 3 time{. X-+ 3 (all cther colors), Y + 3
) - _(all ot:her colors), etc.,-resulting in redundant: pairs. . N e .
; 3. ‘Random pairs,.né apparent sySt:em. P .z
A + 4. Starts - then " e o y ) o .
R .’5. -Other _* : ', ) Ny . , T -
. v S N . i ¢ a .
j - ‘. [] > ’ 4 2 ‘ .
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Yustificationi, "How did- you decide o make this pair, then this 'pair . . . 2" L -
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SR . : y 1%
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RW GO oot e number correct paixs ’ - :
-. RO LR L. number repeats :
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SR . 3 . . ) ¢,
Approach . * T . :
1. *X & remaining cologg, Y & remaining colors, etc. & vl o,
- 2, Makes,.sure ‘eash color there 5 times, X + 5 (all other colors), Y+ 5 *
(all other colors), etc., resulting in redundant’ pairing. * )
: 3. Random pairs, no apparent system. . S,
. . 4. Starts . then - - . ' T v . /
e, * 5. Other ; L . . . ‘ .
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) @ o ~ . number correct pairs ¢4 .
Loy C . - number repeats - new pairs v
. M N number repeats - old pairs - ~ :
'S . ~ . 4 - .
) \ . -7 .
Approach: § .
L1, X & remaining colors, Y & remaining colors, et:c. . M
b 2. Makes sure each t:hev-e 7- times, X +° 7(all other colors), Y + 7 (all
N other colors), etc., resui ing in redondant pairo.. . ~
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4.  Starts then . o L .
5. Other o * j .. . .
PR . Spe ) .
. BN Y .
° * -
- Justification: - . ! . L R
L2 - )
A * : o
. LY A ' .. ¢ "
- 4 . -
. . i .
Fl . 0 . I& " [N ‘ A "
’ . ’o
] -
. (/ * A
i l."- N : L 9 . i\
. - 9
T N ; ) * °® t N . !
“ o -3
£
» ] N .
p & . N
. -
L] ‘ ‘.
¢ ) ° . r
. . A -
. . P v
. > ¢ * - B s ‘
. - "' \ .
. v VN , -
S 13 . ‘
[N . ’ . . . ! .
- v .
< ﬂ .
. ¢ .
. ) . . N
v » " hd - ‘ ]
-‘ . -
b * ) st ’ . ; ~
. « ) N ' A )
C " . \
-
r ! L4 : N GPD NOY~265=2
o0 " 98 -
o . . N -
1] ’ . *
+ o [l
. ’

‘o




» /‘i' o N - -~ FEE e
g ¢ . . \ .. 3. . - /’ - e 7. A . i ¢ ~ o "
. P T . & .- N ‘
N . a » . - -
\ ¢ - ! . - LS KR £ - ’l" > 8 ’ 1 4 T - ‘ ) ' ~e, .
> N ‘ . . . AN e
- ’ Ao t N Yoo LR ; y e e i
. National Evaluation Committee / o s . -~ T, . .
’ ¢ Lo : . I " .
« T R [} R o PN .
i llelen Bain ! Chester W. Harris . '
Past _President s Graduate School of Edueation ‘" B
\Ia Educatmn Association ! . University of California . 'an
o Lyl(. * BourWe, Jv. ' Hugh J. $cott .- ey . K
. . lnsmute for the Study of lntgllectual Behawox Consultant . . : ,
University of Colorado National Eval"htlon Committee v .
< Sue Buel . * - H. Craig Sipe \ g K "
Dissemination and Installation \Services . Department of Instruection * ) .
N Northwest Regional Educationhl Laboratory . State University of  New quk '%;}

.. . * Francis S. Chase » G. Wesley Sowards | : . ;
P -Professor Emeritus Dean of Education . R
Umver%lty of Chicago . : Florida International University. R

George E. Ul(.l?aon . Joanna Williams X \,, ¢
. ' Col_lgge"of Education ) Professor of Psychology and Educatlon . N <
. - University- of Toledo Columbia, Umversxty X c )
. a . » . -
.~ 3
' . | Y ) " . . * K
’ . P i \ S o
o v ‘ o . v .
* - . ° ” - 0 ¢ ’
Executive Committee T . R - .
: " . : . .
RS T Wlllmm R. Bush Donald N. McIsaac !
. . Director, Program Planning and Management, Associate Dean, School of Eduoa’*.lon 5
. Deputy Dirvector, R & D" Center- t? * University of Wisconsin ¢ “ " :
y o M “Vere DeVauit ‘ . Richard A. Rossmiller, Commlttee Chalrman ° . et
- -Professor , Director - R 8, ) e
School of Educatlon . . R & D Center . 3 .
! » Herbert J™ Klausmeier . Len VanEss g ™ R
% Principal lnve@tolxzator * Associate Vlce Chancellor e - " 3
R&D Center X > University ‘of - Wusconsm-Madlsog L "
Joel R’ Levin : . Dan Woolpert. . - :
‘Prineipal Investi ator ° g . . Director, Manageimeny, Syqtqms ro. : T
'R& D Center < : R&D’ Center . ’
. . . . ‘l‘- AL . . - LN . .
- . » '
L4 B . . -
1 'S - . !
: .o i ’ ~ e 4 : el :
B . . . ¢ L} * * ¢ ~ - '4 N -
Faculty of Principal Inyestigators . Wt
. * N ) . s R a , 4
. - . o - , .
/ Vernon L. Allen -, R o L. Joseph Lins oo, 7 -
- P
Professor - Professor ' .
Psychology S .~ Ingtitutional otudles
' 4 v
B. Dean Bpwles ] James Lipham : . .
Associate Professor Professor I‘ o . . N
‘. . Educational .Administration. | ., : Educational Admlmstratlog . . .
Frank H. Fatley I . *  ‘Wayne Otto : l\ . ) Y
a Assocmte Professor ° Professor., B .
F(luca*lonal Psychology Pe o Currictlum and Instyuction . . :
Marvin J. Fruth ° . ) Robert Petzold . N -
. Associate Professor . , Préfessor ) .
3 Educiitional Administration Curviculum and Instruction . . .
John G. I{_arvey , . »  Thomas A. Romberg «f ° - .
o Associate _Professgr ° : Associate Professo . . 7
. . . Mathematics ‘ Curriculum: and [ struction . ! y . f.
Frank H. Hooper Dennis W. 3puck ‘ .
Associate Professor . ‘ . o Assistant Professor 0
Child Development Educational Adwministration =« ° : *
Herbert J. Klausmeier . ° ‘Richard L. Venezky N . )
V. A.' C'. Henmon Professor - \ Assoclate Professor 7 s .
. ' Educational Psychology * \ . ‘Computer* Science * s . / ¢ s
Gisela I:_abou\'ne o e . Larry M, Wilder - -
’ Assistant Professor: V TAssisth . .
Bd i ssistant fessor . .
o ucati.~al Psychology . Communication Arts ,, ~. o . )
Joel R. Levin .0 ¢ ’ T
. . Assoctate Professor 99 » L ‘ » B . <,
. 3 -Educational Psychology : .l . . .
Q . . . . Voo R L. e .
EN,C s s . ’%: *a ) h\‘\:“ : . . . ) ’ -
. . . ~ R, .. )

.
s o




