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. , ' ABSTRACT.

o Pattern_iﬂvolvee eIESSes,_ order\-end relations,
three strucfureé genereilf cohceded vtb be the‘bases.9£"
nefhematics. As well, tﬁey are embodied idl the Piagetigh
coepepts of, conservation end' classificatidn,~ tvo mental

o ) - ‘ ' . . 7
operations postulated by the Genevans as" necessary fow»

mathematical undetspandihg;

The present étudy Qas, des1gned prxlarlly to
investigate the pattern proce551ng abllltxes of élenentary
school chl;drep. Five ‘pattern ‘processes (ihterpolate,
contiuue, reverse, select and' .generate),, " two forls
(geonetric and nunerical) and tvo arrangenents (lznear and'
matrix) vere 1ncorporated into a hierarchy of 20 tasks. ’,A
secondary aim  of ~ the study was +to determine the
’relationship,: if_'any, betveen. the‘; chihdren‘s phttern
processing. ability and %heit level of development in
Plagetlan conservat1on and classification at the stage , when
- they are ‘entering the’ perledf of concrete-o;eratlopal
-fhought; L - ‘ : . | Lo
B . ~ T
A sanplequ 100 Grade three children iaselselected
rahdelly frca '%1 classroons within the Edmonton Rublic
: 3

[

. School Syéten. No. adaptatlon classes of speciallyﬁ*Ehosen'

iv



_pupits' vere included' houever, no restriction vas placed on

childten of low intelllqence or physical handicap. The

battery of tests administered to the sample included the

Pattern Processing Test, ’Piagetian conservatlon- and

classificaiton tasks, and standardized tests in nathenat1cs

, achlevement -and 1ntelllgence.

\ - : . i
It was found that the Grade three pupils in the
sample were able to solve a v;de variety of'.pattern
ptocessin@ ‘prohlens with varyinq ' degreesv »of - success'
depending on the difflculty conponent built into the 1tens.‘

The performance of the Children- on ‘the four generate tasks

ranged fron randonness to the production of sequences and

matrices having more coaplex- pattern descriptions than those:

: presented by the 1nvest1gator in the tasks wlth preset

correct ansversv ' Althodqh a %et' of characterlstics to
dlStlﬂgUlSh the successful pattern processor does not emrerge

fron this study, hlgh perfOrnance on the Nunerxcal' ‘Matrix:

~Interpolate’ task, 'as' vell as hlgh scores on nathenatlcs

achievement and :‘1nte1119ence, seen _:4 szgnlflcant.
Furthernore, it appears that a child at Grade three level is
unlikely to be highly successful “in. pattern-proce531ngd
unless he has the abil1ty to‘conserve area along uith ~the

class1f1catory Sklll of class inclusion.’

Categorization of the errorv responses into a
, ) , Y )

v
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~~-limited number of strategies indicated that the children
. : 4 .

tended ,to exhibit rigidity as well as logic of a sort in

their unsuccessful efforts to solve pattern problems.
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"CHAPTER I

INTFODUCTION AND STATEME OF THE PROBLEN

Slnce the, begznnlng of man \in -+ vrded bistory,

" the phenomencn of pattern has occupied n important place in

his culture.' Klahr and Hallace (1970) pointed out that "the
ab111ty to detect environnental regularltles is a cognltive
skill essent1a1 for surv;val (p 243) .. They add, "Man has g
pPropensity to seek and capacitx\to find serlal patterns in
such dlverse areas as music, economlcs and the .Weather

(p 2“3) " Ncwhere is pattern .more clearly displayed than in

mathematlcs, whose relationshlps embody1ng order, rhythm and

1

harmony can he seen in artlstlc representatlon of \all ages
from the cave palntlngs of the Australlan aborlglnES,
through the artists of the Rena1ssance, to modern sculptors

d1n, hoore and Epsteln. o ’ ' @

‘Adgording  to Nipan  and Peldétein~. (1973),

mathematics ,is ~itself an- art,l which "expresses 'beauty.i

through a system of definitions, axioms. and theorems
(p%531);" Johnston (1968) added’ a  warmth o his"
apprec1at10n of mathenatics as an art, |

The 1deas, the loglc, the patterns of nathematlcs
fit together in an elegan harmonious -way 1like-

the sounds of a musical conp051t10n, the words of
- a poet, or the colours of a palntlng (p. 328)



_relations of guanrlty, "and the relations of sbace (1929,

mathematician, - Nevertheless, 1£ nathematlcs is accepted as.

In his autcbiograpby, Hardy (1965) claimed that, "a

. mathematician, 1like a painter or poet;, is a nmaker of

patgerns. If his patterné'are more permanent than theirs,

it i;\hecause they are made with ideas (p.s8y).n
. ) N \"vv’ ) ' i »
\ o
. \\h '

_ Tha%e;”ﬁpattern'“’ is ' basic toA ‘mathematical

relationshirs is conflrmed time and time again by the grear |

ﬁmathematic1ans. -In fact, the phiIOSOpher-hathenaticlan

Alfred North Whitehead (1968) declared wlthout qualification
that. "Hathematics ‘is the stud§ of pattern . (p.106).
Horeover, he spec1f1ed that "for ‘the purposes of educatlon

mathematics . conszsts of the 'relagjqns of number, - the

_ : , _ *
p.83).m o '3 : - ' " C

mhere seems to be no justlflcatlon for Whltehead'sf'
v1ew of mathematlcs belug restrlcted to hlgher educatlon"or
even to the secondary school. Yet such notion ~ of
mathemarlcséia-pattern is not reflected in. the videly used

elementary programs, which encourage a mlnlmal awareness of .

'pattern; If pattern. activ1t1es are’ 1ncluded, they . are

usually fOund. in the enrlchment exerc1ses for the most

. successful puplls. The young school chzld, not yet at td :
'stage of 'ahstract thought ‘and not necessarily a vhlgﬂ' :

. @achiever, can ~hardly. be' considered a knowledgeable

:



A

an essential part of the elementary s hool curriculum,n he

deserves the opportunity to experience mathematics through

the study of pattern, an integral part of 'the

4y
i

mathematician's craft, T /
|
!

"
oy,
: .
'

: Further 'evidence to’ justify“theﬂclain‘that‘the
topic of pattern has a legitimate place in 'the 'content of
school 'mathematics is provided by the psychologists who
concentrate cn the epistemological aspects‘ of mathematics.

0

One such researcher is sScandura for wvhom the aim of

nathematics education is not to produce mathematicians so

much as to develop. students "uho think-creatively, who‘can

T,

think like g: mathemat1c1an (Scandura, 1971 p.6)."» From his
analy51s of the mathematical process,./he has listed 'six

pProcessing skills. The first of these is "the ability to

detect regularities,“ which involves "perce1v1ng ~a pattern

or drawing out or abstractggg that vhlch is comaon to a

‘ .
,'number of examplee(p 6). Another psychologist," Margaret

Donaldson (1963), used prohlems "involving seties °

r extrapolatior in 'order' tov‘examine children's thinking

i'processesi She connented that successful solution is often,

based on "an 1narticulate feeling for rhythn (p 137)
Although it nmay be‘ argued pers6a51vely that

experiences in pattern should be included 1n the content of

:elementary nathematics programs, “their vappropriateness 2i‘\;/



'conservat;on, the acknowledgenent that a spec1f1c proper

¢

]

the child's 1level of cognitive growth should be considered

as wellﬁ The’ psychological theory that_seéms to have most

‘relevance tc elenentary' school children is Jean Piaget's

.

notion of developmental stages with specific reference to
the "advent of concrete-operational thinking, a necessary
condition before a child can fornm abstract mathematical
concepts (ﬁiaget, 1953)'f Two characteristlcs of a ch11d who

has reached the concrete- operational stage are conservation

Vand c1a551f1cat10n, mental structures whlch Piaget maintains

are important fcr mathematical understandlng. Piaget's

claim is supported by other researchers such . as Almy (1966),

'Cathcart (1C69), Relmer (1968) and Riggs (1970)

In the 1ntroduct10n to The e Early gowth of Logic

in_the Child (Inhelder & Plaget, 1969), a research report on

o A w—— o e s s v

the development of cla551f1catlon and serlatlon, it’ is

stated . that “a part of Piaget's thesis is that & cgrrect

understandlng of clas51f1catory relatlons 1s essent1 ‘to an

adequate conceptlcn of number (p.xv1i) o With rega"J \{o'

i &

of an object remalns 1nvar1ant desplte transformatlon in

another property, Piaget (1965) has vrltten"

In a word, whether it be a matter of contlnuous or .
W dlscontlnuous gualities, of quantltatlve relations - -

perceived in the sénsible universe, or of sets and
numbers conceived by thought, wvhether rt be a
matter of the 'child's earliest contacts with :
number or of the most refined axiomatizations of ‘
any intuitive system, in each and every case the

. conservation - of somethlng is postulated as. a

y

e



necessarny ccndition for any matheuatical
understanding (p.3). ‘

Mathematicxans of note have pointed out the

intimate relatlonship . between pattgrn and mathematics.
Research, hoth in -/Geneva .and. eisewhere, has';supported
/Piaget's ccntention ~that a childrs mathematlcal
understanding\ depends on his prlor attainment of the mental
structures of conservatlon and c1a551f1cat10n. It ’seems a
natural extensicn of . . the relatlonshlps among pattern,
'mathematlcs and developmental psychology to con51der the
nature of the process of pattern and its place in a child's
cogn1t1ve development at the stage where he is enterlng the
*period vof concrete-operatlonal thought Thus we would be
taking another step forward in our knovledge of how chlldren
learn mathematlcs. '
. ) v
raforErzcar FRAMEWORK -
Illustfations to support the contention -that
”patter is 'integral' to human experience are followed by a'
summary of the generally 1nadequate Psychological theorles
and research pebta{nlng to pattern as a- process. The yajor
.dlSCUSSIOH will focus on the. pattern process as a .synthesis
of, the Hcther Structures- of the Bourbaki School’ of
Mathemat1c1ars and Jean Plaget' nentai sttuctures‘ within_

his theory of cognitive development.’ To 'conclude;this



Section the hierarchy of tasks will be discussed, with

particular ‘reference to ‘the contribution of information

Processing research.

For the human neophyte, pattern has jts beginnings
in expesience of the environment. The recurrent
regularities - of eating and‘vsleeplng, of daylight and
darkness, extend to contact with .the organzc wepld -where
' pattern can be seen in the stumps of trees, lh the
honeycomb, in the arrangement of the Petals of a
chrystanthenun.. B'Arcy Thompson's On Growth___d Form (1966)
is devoted entirely to examples of environmental. patterns
which he often attempted to 'represent in geometrlc form.
:he' blologlcally orlented Plaget has commented that "every

11v1ng being is arranged accordlng to dlfferent plans of

"symmétry (Beth & Piaget, 196¢, p.203) .

different patterns, ‘a -fundamental of liiing

organiSms, according to Doavell (1970) . Thus’ pattern can be
considered a two-way contact between man and the natural'

N

werld. Newell ang Slmon 's (1972) statelent that "man 1s the

mirror of ‘the unlverse in thch he llves and all he knows
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shapes his- Psychology (p.866)" endorses the integral
relation between patterni'{n the environment and human
experience. thtehead (1929) commented that "the notion of
the importance of pattern is as old " as civilization
(p.10§)." A natural parallel can be draen between the'
generic characteristic of man to seek structure in the world
(Wertheimer, 1970) and\a child's increasing experience with

pattern.

Eattern in, the Psychology sci®els |

—

4 ' .
Slnce the rise of Psychology as a d15¢1p11ne,\_the

study of patternv has proceeded along two dlvergent paths.
éé Qﬁm group, e=pec1ally the Gestaltists, concentrated on shape -
‘ pattern within the fleld of perception; 3 vhlle the.
psycholegists interested ;in‘ measurement used patterns,
usually in the form of numerlcal serles, as the vehlcle. for
lntelllgence ~test1ng. . Hore recently, this k1nd of use has
been extended to the study of thlnklng.

3 A ' ggrg_pt;g nd pattern. The Gestaltist School ' of

-‘Psychology, founded in Gernany, malntalned that there is an .
/ essentlal unlty flowlng th ough nature (Perklns, 1969),« and -
N that each natural phen menon is ma whole, vhose.structure

can be explained nelther by the gqualities of -its’ 51ngle

€lements, ner by the relatlonshlps between these elements -



(Arnhein, 1903,'p.72)." The-uhole cannot he inferred fron
“the parts taken Pseparately. Thus the emphasis is on
"organised wholes; separated ‘from the other wholes but
united u1th1n themselves by their dynamic patterning {Hill,
1971, P.96). Because - of their elbhasis on vholes, . the
"Gestaltists were not concerned with the pattern process. *®on
‘ the other hand their "perceptual good form" causes no

conflict with tﬁe idea of pattern as recurrent regularity.

o

RN

A similar situation is observed in the work ' on.

-3

perception by psychologists such as Gihson (1969) , the Picks . °

(1970), Vernon (1962, -1970) and Zaporophets (1970). They
have looked at perceptual developnent and learhing in 'vhich.
perception is the process. Where pattern appears in these

L4
studies, 1t is as a product a vehicle for the overt
’a

»

, manifestation of perceptual act1v1ty., , o P

' Furthermore, .on the basis of exten51ve research,

Piaget (1969) concluded that perceptual act1v1ty is' not a

1

suff1c1ent ccndition even for the recognitiou of relatlons.
gg;;ggg_ggg\the negsugelent of in telligence.
Since the turn ‘of ,'the century, pattern in both geometrical
and numerical forms has been the neans of much psychological
measurement of ;ntelligence. Tests vith sections on pattern

include the wes ler Inte;; igence scale for Ch_ld;en, SR&!S.:

(



. .some ratlonale for

reasoning (E. 1) ‘ "'£

Short_Test oj Edgggg&ggg}_ﬂgigigz. ‘the _g_gggg-A de;so

Iest, the Qg}ijorp;a_§hogt =fo £! Test of Hgn;,l_ﬂatur;tx‘ the

Layco _5 _Mental Ab_;;_x Test, the Tgrmgn g;ggp_zest t_of Mental
AbllztyL and Cattell's Culture Fajr Te st _of 4. <Thus it is

clear that psychologlsts con51der pattern to be one. of the
I |

keys to the measurement of cognltive funftl nlng. Yet the

f

.authors of these tests seemed to assune tha, the solu%zon of

numer1ca1 'relatlcnshlps prOV1des a measure of intelllgence%’

because such , itens dlfferentiated be%ueen .Subjects,

f-fit of scores to a normal curve was apparently,

he critlerion for- item selectlon. None of the manual’s for

tests mentloned,,lnclude a discussion on wvhy, for

’ 1nstance, number ser1es are used.. Writing in 1926,

Thorndlke ccncedeJ that "all scienrific 'measurement . of

':;.1ntelllgence that we have at Present are ‘measures of 'some

product produced by the person or animal = in 'guesrion

. (Ihorndlke et al.; 1926 p 11) » Hévever, Raven.§;9su) gave

test a ,person's capac1ty to apprehend Reani gless flgures,

see the relatloqs betueen thenm, ‘ana by uorﬁlng out hov each

'flgure should be completed "develop a systematlc method of_

. o i

A typlcal example is the work of the Thurstones on -

. Primary -Mental Abllltles. In thelr -;‘?‘ ,md@bgraphs

'(mhurstone}i 1938; Thurstone & Thurstone, 1941) , the concern

Sy - v ) . Py

%
Al -
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i

is for statistical analysis' of the sixty tests. These

' ‘ . i e ’ R . !
j cychometrists admitted' that "the number factor can be’

_appraised in eduCational'achievelent“testé, evep though . the

fundamehtal‘ nafure . of numerical thinkiﬁg 'is not yet

,understood (Thurstoné & Thurstone, 1941, p. 5) . W

o

uaigacet Donaldson's  (1963) search of the

7 : ' c : .
" literature ccnvinced her that test constrdctors have not for

o

4" ‘ L o
instance, the nature of. the pattern process_ dem

the most part acknowledged the: need to guestion, for
méa by

their items. "There is ‘now aitradition in the choicq of

-

1

intélligencé‘test items; but as a* _rule no theoretical
justification can be offered (p,ﬁ1)."

.

s

formulated a model of'thelst:ucfure of the ipteiléct. He

o

did at least recognize - that the trénd typé qf'tesg'for~:’

re;étion-cognition ébilitiés ;is‘ closest to the Piagetf

concept of seriation and?canfbe;presented in varipus forms,
including figural (geometric) and the‘ﬁatrix. However these

comments vere limited .to a. single paragraph ‘énﬁ‘ did not -

t

pursﬁe the natdre of the process tasks invdlved. S L

a
5]

o

centributed to our.knoviedgeiof battern, paftiéﬁléfly with'

reéard tovindugtiie.thinking.

e

One excéptioﬁ - may  be Guilford (1967) = who

-~ The measurement specialists, nevertheless, have ~

Using university students as '’

-
e

.:;'
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mnm

found five  tests  with

his sample, Thwrstone (19138)

'significant saturation in he
I

characterfstic”common to‘fhese\\

the,subjeqttto flnd a ,rule or pr1nc1p1e for each 1tem in the

'test (p.86) . Tvo of these tests desxgnated as Number -
Serles, thCh had the hlg%cst loadlng, and Pattern Analogies

1nvolve recurrent'-regularlty. In the 1901 study utllleng“

Kigh school students, there were six tests ,1n which -the

*factor I appeared 51gn1f1cantly. Of these, Letter éeries,‘

wlhh the hlghest 1oadlng, and Number Patterns were- of the

'

. 2 o
'trend type. L o D

"

. ¢ s ) . ".. . ’
Pattern_angd the.studx of thipking., ".In contrast to

‘~thet psychometrlsts wWhose efforts have been directed tovards

ana1y21ng 1ntelllgence, thete are other .PSYCHO¢OQLStS ﬁho

Rave concerned themselves with thought and associated

T By . ’ \ ‘ -
.. ccnstructs. However, relatively few researchens have

‘concentrated . on thinking, = the ternm 1tself hav1ng a

chnnotatidn"of .activityL7 Among - these *are Frederlckb

Bartlett, Margaret Donaldson amd Jerome Bruner, . *
[3 ’ L P L )

P

flndlng ‘the most 11kely strdtegles used “by. adﬁltisubjectS‘to

solve . ser1a1 prcblems. He \ 1nvest1gated 'humber“ and

orientation "séries which regulred elther 1nterpolatlon or

extrapolatiqn. He hoted that extrapolatlon ‘iS’j"usually

* . - 1 .
LI ’ . L5 - t
. - .

factor I (Inductien). ‘The‘

sts was that they "demanded

o, e Bartlett (JQSB)U as_ particularly- interestedjinff”

se? T
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&
considered tc make more dlfflcult demands than 1nterpolat10n

/ °
{

- . (Ee34) . v - HlS own resuglts supported this vieu, as did -

Donaldson S 1963 7tudy in uhlch,tgn-year_old children‘tended. ’

v ‘f'\ i
to cubstltute nngerpolatlon for extrapolation uhen faced

‘ulth alphabet pProtlems. Thus to contlnue 2 series is likely
to be harder than to £ill in gaps.‘(Thls evidence can be

LY . : »
c1ted when the order of dlfflculty of pattern tasks is being

ccn]ectured; S
» n R . ’ : . 3 " ' _ o
—ff ' i _ Serles extrapolatlon problems prQV1ded Donaldson
: . . .
r", . . (1963)p’u1th the data for” ana1y21ng errors in chlldren s’

thinking. she llsted four main varlables in problenms of

this type as a) the nature 6f the. terms, b) the complex1ty

ef the terms, c) the complexlty of the\relaglonships between

-tHe terps and 4d) the COmputatfonal diffi 1ty. : She also

.

extended nm

bcoks are prmhted in the Western world, the left to—rlght

movement seekw to be more natural In fact, Plaget (1969)

pointed out thet 1t is a hab1+ which becomes 1rrever51b1e.

- "It would neces51t-‘e a whole new learnlng process 1n order
P )

%€ write’ frop ' Tight 6 %%

Series . to ghe right can - Me -speculated as belng less

Jut  .that the end from uhlch the series is to be~

ay affect the dlfflcu&ty. ’ Because of the vay

(p. 32) " Hence to. contznue a’

s
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age of the succcessful subjects.. Donaldson stated that in

the course of the period from ten to twelve years; "these

children came to understand what it means to extend a series

\

(. 1u8). | S | .

Although Jerome Bruner in his study of tjunki
has not spec1f1cally 1nvestlgated patterns in geometrlc or

numerlcal form, one .particular * experiment on multlple'.

ordering is fpertinent.. Subjects were presented with- set

o

of nine’' plastic glasses varylng in three degrees of helght
\\\and three degrees of diameter. When the tumblers were
scattered, «<<hildren of five. ye&rs and older were able tox
restore 'the ~originai conflguratlon. ihe s1tuat10n was
‘repeated with a tumbler p051t10ned by the 1nvest1gator ‘SO
that a reverse transposition was required. Bruner (1973)‘

reported that the seven year o014, in contrast to younger

children, - L o "1 . .

is more likely to gause to'  treat. the
transposition as a problem, to talk to hlmself

about "yhere this should go." The relation of
place and size is for him a problem that requires
reckoning, not simply copylng (p 341) .

t

As the number of p0551ble errors was nlne, and there were

only ten =ubjects aged seven years. the mean number of two

€rrors seems quite significant and indlcates that even oldere

'chlldren may have dlfflculty 1n reverszng a matrix.

!

Even'though their aim was  not particularly to’

B

N '
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. ‘ ‘ v ) .
analyse the nature of pattern, among them, Bruner, Bartlett

and Donaldson have touched on a‘nunber of aspects of the_

-

pattern frocess.

» Pattern and—the Structures of Mathematlcs and Cognlt ve

Development

.Inv the last forty‘years two intellectual giants
haue appeared. Jean Plaget has establlshed an extensive
fpsychgioglcal framework to explain the cognltlve development
‘of chlldren. The other is "Nicholas Bourbakl" representlng-
a group of eminent French mathematlczans who have .attempted
a 51m11ar task by constructing an archltecture for the.
universe of mathematlcs (Bourbakl, 1950).7 Plaget hlmself
has demonstrated the parallelism between-the‘tvo_structural
B systens;l _ihe ‘synthesis, ofaathe Bourbaki 'and P1aget1an
structures Erovides the construct of the pattern process.

.

5

=

h Mother

1939, the abst tact nature of mathenatlcs as a

j'the.focus of study’ by the anonymous Bourbak1

enphasis .on str1ct1y loglcal arrangement and 1n51stence on

-'the maxlmum generallty, the group has sought ‘the fundamental,o
structures thch are common among all the different: branches
of mathematlcs. vInstead of fragmentlng mathematlcs 1nto the

tradltlonal flelds, the Bourbak1 came to the conclu51on that
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.there are three basic and irreducible structures, namely,

the algebraic structure, the ordering structure and the .
topological =tructure.’ ‘From‘ these'“mother—structures all
other - topics in mathematics . can’ ue drawn by conblning,'
dlfferentlatlng or spec1a1121ng the fundamental structures.

| Tne algebraic structure'can be"illustrated by tne
operations of ’add1t10n or multlpllcation each of vhich has’
the posslblllty of comb;nlng a dlrect operatlon with an’

inverse operatloh The form of rever51b111ty negates the

"operation and‘so”produces\a null. product when the direct and

1nverse/operatlons are performed joxntly.

Al

The pattern process exhlblts thlS same 'structure?

for example, a. number sequence whlch 1nvolves success;ve

| doubllng is. nu111f1ed by the same sequence - being halved

This proce occurs vhether the pattern is belng contlnued

or reversed 1n elther dlrectlon. 51m11ar1y, for a geometric

'pattern uhere colour and shape are the propertles being

manipulategd, contlnuatlon and>_rever51on are complemeutary

!

~orerations. . . S

. “ ) C )

The seccnd fundamental structure is 'the 'ordering

structure Hh1oh is based on relations. The structure

.

1mposed on’ real numbers by ‘the relatlon of 1negua11ty 1s an

'-example. A D> B can be transformed 1nto B<a by appllcatlon'
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werld (p 12).

16

'ef the " law of duality so that the relatlonshlp between the

T~ . IR

entltles reuains constant Thus the two statements can be
LY

descrlbed.as reciprocal,

‘Patterns are sets of elements related by a common .

property, and obv1ously have an orderlng structure. ‘The

feature of reproc1c1ty 1s also present. The elements of a

- number series urltten from left to rlght ,express -the sanme

relatronshlp when wrltten ‘in the opposite order. A matrix’
containing a geometrie pattern based -on colour and form .can

be reflected.-” Although the arrangement of the elenents is

different, t@e relatlbnshlps wlthin the pattern remain the

: - Y
sanme. )

Tcpol glcal structures, 'whlch fbrm,»the ,tbird '

'mother-structure -lé the Bourbak1 scheme, ‘are bgﬁed“"on

ccncepts such - as proxlmlty, . contlnulty,r éontinuous
: .

'correspondence and llmlts.~' In both 11near and matrlxv

patterns' the 1dea of nelghbourhood 1s e71dent. One of the

obV1ous taske a=SOQ1ated Hlth paﬂtern is. the regulrement to

- contlnue. Even in- the absence of 1nstruct10ns, humans have

the: natural tendency to contlnue a pattern, just as ,in the_”
phy51cal env1ronment. Sawyer (19‘5) drew attentlon to the
Close llnk hetween the lnotlon of jcontlnulty anﬂ pattern

which‘ is "the cnly relatively stable thlng in a changlng

-
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~ggt§g;g;_§~g;§g_t opereti on. - Plaget'
'developmental ~theory has been sumnarlzed by Flavell (1963)

and in numerous studlesﬂ for .example,. Cathcart (1969),

Martin (1973), Reimer (1968) ‘and Towler (1967) _ The fourn.j

stages whlch have been clearly and brlefly descrlbed in.wa

Red

number of putllcatlons by Paaget himself (196aa, 1969, 1970 P
1971, 1972) are: " |
i. The sencory-motor, pre—verbal stage;

ii.:'Pre operatlonal representatlonal stage'
’ . Lo

iii.V-Ccncrete-operat;onal stage° and

f

“iv. Formal cr hypothetlc-deductlve operations.

- : : v
;

Central‘ Plaget's theory of the development of
knowledge is his notion of an operatlon which is the feature
:-dlstlngulshlng the concrete°operat10nal stage' from : fﬁ@ :
predecersor, o o | | |

To know is to nodlfy, to<transforn the - object, and |
to understand the process of this transfornatlon,’"-
- and as a consequence to -understand . the - way ~the
- Object’ is ccnstructed. An operation is thus the
- essence cf kncwledge; it is an interiorized- ‘action
which - modlfles the object of knowledge (Plaget,
496aa, Ee 8) . ‘ ' '

L
n‘

'Piaget ‘gave examples of operatlons, the emphasls belng on

actmons thCh enable the knower to get at the structures« of '

the partlcular transformatlon._ }J;.

. An operatlon would con51st of jo1n1ng'objects in-a-
class, to ccnstruct a. classification. . Or- an
operatlon would consist of orderlng, or ‘puttlng
\thlngs in a series. Or ‘an operation vould ~consist -
of countJng, or of measurlng (p 8).. . ‘
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These descriptignS‘ and categories can'be.applied“

to the pattern process equally  yell. - -This process,

incorporates tasks, - so thére " is abundent actlon. It is

~interiorized Since the search for further elements'.in " a

pattern requ:res mental con51deration of the glven elements.

A

Ancther condition laid gown’by Piaget is that an

operatlon must be. rever51ble, “that 1s, ‘it ‘can take-piaCe in

°

both dlrectlons, ‘for 1nstance, .addlng or .subtracting,\‘

j01n1ng or . separatlng (p.8) .m In the operatlon of pattern

-jﬁgbntlnulng cr*rever51ng glves a parallel 51tuatlon.

"u‘. . T . v T '
! .o . ) 1

v34;f*“ . A thlrd property of Plagetlan operatlons _is that

'théy are never 1solated they rare - llnked together into
lstructures of 1ncrea51ng complexlty' The pattern process,

whether expressad “in geometrlc or numer1ca1 form, by 1ts

3
very natu;e 1ntegrates cla551f1catlon of propertles and - the -

orderlng of thlngs in a serles, both of whlch‘are hamed ag-

operatlons-_ Thus the pattern process complles with all

three - c0nd1t10n< 'set out by Plaget to cetegorize an
L. ‘ T * ' ’
;operatlon. o

..

gg_rygkig ang‘Piégetian-strﬂctnregg_

_Independéhtl . of - the Bourbaklan movement, _Piaget also

reduced the 1nd1v1dual mental structures built oqgt of
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orerations tc "three kinds of elementary structures in ‘the

chilad, corresponding to operations of classes, relations and
‘continuous transformations (Beth- & Piaget, '1966, p.186),"“
all of which are properties'of the pattern process.

According to Piaget, the ' operatlon ofk
classlflcatlon 15 "in the simplest, most elementary form, an
algebralc structure (Plaget, 1964b, p.35),v because the
operation of the union oflciasses contains the negation form
of reversibility, an inversion which amounts to annulling
the orig;nai'operation. hs classification is a'contributory
operation within the more_complex pattern process, it can be

stated that pattern embodies this mental structure,

The seconﬁ' structure in both the Bourbaklan and
:?Piagetian schenes seems o be 1dent1cal except for the
label. = Bourbaki's "orderino structure" ‘and Plaget's
"relatlons" are -equivalent concepts (Piaget, 1964b' Beth ‘6'
~'Plaget, -1966). "~ Similarly ; the  reciprocal- \f/orm "~ of
‘ reversibilitp is .e, property' common to both structures},

vPiaget (19-72)~ pointed out that the notlon of tran51t1v1ty
uith its‘bits..reclprocal property 'is "tled to . theb
structuratlon of a serles (p 10) Thus the pattern process

Hlth -its enmphasis on,relatlonal order,ls a-manlfestetionpof

both muthematical and‘psYchological,structure.
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The parallellsm between the Bourbakian topologlcal

structures and P1aget's third mental structure of contlnuous

transformaticns:is strengthened when pattern is used to

illuminate the ‘two concepts, ~Pattern which involves the .

is

tcpological Eroperties ot neighbourhood and contlnulty
also an example of Piaget's contlnuous transforma

All operatlonal subject structures cos uppese a
complnation of production and conservat1on. There

is always -scme production, that is some kind of oo
transformation taklng pPlace. sSimilarly there is
always sone conservation, something that remains
unchanged throughout the transformation. .These

two are absolutely inseparable. Without any’
transformatlon we have only static ktdentity....
Without any conservation ve have orly constant
change (1972 P.17). " , \

In the pattern process, particularly in the numerical form,
there is transformation from one element or unlt of elements
td the next. No pattern can exist ‘unless transformation
occurs. - Similarly unless a child can’ keep the relationsh;p

’

n‘ponstant, his pattern.becomes‘a random sequence or array..
N

" Supmary. '.' The interreiationships ‘between . .

mathematics, pattern and the operations of ‘classification

and conservation as 'representatlve or- a psychological.

»transformatlcn 1n the .child, are 1llustrated lin Flgure 1.

nathematlcs is - concerned vith' number ‘and space.

uathematlcal understandlng, it ' has ~been pointed out, is
dependent on operatlonal conservatlon amd cla551f1cat10n,

hence, they are shown as part of the edlface of- mathematlch

:Pattern can te categorlzé> as a Plagetlan operation to whlch '

<




gPlaget's corresponding mental structures.

e : | | . STy

ccnservation and classification contribute; Nith the fu51on'

i
* i

of these psychologlcal operatlons pattern is recognized not

s

- only as part of matgematlcs hut is identifled ‘as the uery

ccre of Mathematics Education. 1In this key p031t10n pattern

2

_becomes the embodlment of Bourbak1 s mother-structures and

4
4

—SEsaesc - --—._——.—-——.

From the literature, five" battern tasks can be

8

nabstracted. "The crder of dlﬁflculty is . Postulated from a

number ‘of transltlve comparlsons.. ‘In .the studies on
thinking_tby -'Bartlett f1958) and,"Donaldson‘ (1963);
interpo}aticn_ wvas found to be ea51er than extrapolatior or"
continuation. From Plagetlan research on5 operatlons and

reversrblllty,, tc continue a pattern from left to rlght 1s 3
less d;;flcult than the opposite task (Inhelder 8 Plaget,

1967) The order arising from ‘these comparisons is ai'

'1nterpolate, b) contlnue, and c) ' reverse. That selectlon

should come next is based on a brlef comnent by Plaget and
Inhelder (1973) Ln their study of memory and 1nte111gence.

In a test of recall, "flve- to elght-year olas have greater

‘ dlfflculty in’' . selecting the rlght model than -~ in

reconstructinc, it 7(p.377f " Although memory vas the focus‘

-0of the i:esearch.L it seens logical to transfer thlS' flnding -

to ‘the present study of pattern. The generation‘of‘a
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.than does knowledge of number., -

L .23

' 2,
pattern requlres the child to use‘;he abillty not only to

devise. a relationship but also to continue it. . Dependent on‘

thé specific 1nstructlons, a child may genenate‘a attern by'
a reverse procedure.' Henge,to,generaﬁe ie pdaéé% leetminl
the'hietaréhydef.féské;‘ e | |
| d !

' Thei,domeins ef 'the"pa;tern tasks'i for  this t
rarticular spudy are- censtralned 1n two ways, namely form

and arrangement. Geometrlc form 1nvolv1ng the propertles of

/]

fcclour and Shape,'and numer1ca1 forn‘iimlted to the set of

whole numbers are the two selected. The orderwqf—difflculry‘

is derlved from P1aget (Beth & Piaget,. 1966) who “produced

{-emplrlcal ev1dence to 1nd1cate that c1a551f1catlon by fshape

and colou; comes earller in a Chlld's cognltive developnent

I

N - . e

"The cher constraint .is . in the vmatter  of .

arrangement. . Once agaln the researc% of Plaget and ‘his

- associates (Beth 8'@1aget 1966- Ingelder 8 Piaget, 1967;

Plaget & Inhelder;‘ 1973) 1s c1ted as grounds for statlng

_ that llnear cne-dlmen51ona1 tasks are easler than matrix

' two d1mens1ora1 ones.’

\ | L

Houever, one questlon remains unanswered .Are

_matrlx tasks in- geometr1c forn ea51er than llnear tasks in

'

numer;cal fcrm? Because an understandlng -of number depends

. ) } . P R .
: ¢ ’ -y
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on operatlonal c1a551f1cat10n,

the 'earlier

/

ge
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it is llkely that at Jleast

q

cmetric matrix tasks wlll be less difflcult

than any of the numer1ca1 tasks.

-

. g3 o , s
et The hierarchy of tasks is set out in-Table 1, °
IR I o o '
| //;;;:; 1 T
HIERARCHY oF PATrERN TASKS o "'?‘\d
— y j” T - -+ - 1
|\~Patternt 1 Geometric [ -NumeriCal .
|- DV ANE * — —
" 1" Task. R Llnear l Matrix | Llnear | Hatrlx ! .
— —t { + { —
| Interpclate N A | F - | K | P
| Continue- { B [ G -} Ty . Q
I Reverse | c H = M | ¢ R |
| Select - i, D |- I | P N' t s 1
| Generate | E J 0. i | -
¥ S i i 1 1 3

r

The postulated order of dlfficulty for each column is from

top to bottom.

J“hypothesi?ed

as

numerical fernm,

-~for each arrangement the geometrlc form- is

B

belng ea51er

l:order. ' f

-

1/

than - its corresponding L

dlff;cu%ty v1th1n a ‘Specific

geometrlc task can be drawn from the psychologlsts focusing7-~

on’: 1nforhat

b

ion.

processzng

experluents to . study the

acqulsltzon

2 W5

of

concepts,

research. -‘FIn

. developlng

mechanlsns of thought and the

_Al}en

Newell, Herbert Slnon and



v thelr Plttsburg assoc1ates (Klahr & Hallace, 1970; Newell &

PR

- ee-

o

a . & ’ ) ' : 0

Simon, 1972; 51mon & Kotovsky,w'1963) have.inci@entally

‘provided a’ con51derab1e number of llnear pattern types

S o ) 25

ordered accordlng to the amount cf dlfflculty experienced by o

'

_ycung chlldren. o L -

PURPOSE OF THE STUDY

v LN . Rl
A

The purpose of thls study is to examine pattern as

anv operatlcnal procecs in relation to Piaget's theory of

cognltlve develcpment at  the ‘Stage fvhen abstract

v

mgthematlcal concepts are-beind formed in  the child.

| The spec1f1c purpo@?s@are t@ exapipe
“I. the ebllety of Grade three pupils T ”ffﬁ. G
-a; tc inte;poﬁate,, . ? . . | : s
p.lte'gonfinue;'" U ) i =
;‘ c. tb-fejerse; S ' ‘i- R )
d. tp‘seléct, and o . o ¥
. to,genarate. B T ; ,
'geemetric and numerical patterns. Lo

’ % ' . ; P Ve
< e N ) . . ’

2. the “relationships} if aﬁy, of these pattern abilities to

conservation cf -

a. number, and 4 I , .
ERvwtet -}5 ' . 2, ) B N .

b. area. ‘ ‘ S . o g




3. the relat'onshlps, 1f any, of thvé% patteln abllxt}%% to

ﬂ\
classeN, and ‘
nultiplicative tlasses.
TR hips, f any, of thvéQ patteTn abllltiﬁ$ to

! 3

b. intélllgence:
. ¢. age; and SR C S ‘

d. sex.
, o NYPOTHESES

The followind hypotheses Wil pe tested:

B

1. There is no simpl® %tructure erlvable from Grage three

pupils! ablllty tc B - ' .
FE a."lqterpolate, ' ' o . "1

o YR I o . '

a

b. continue, g
c. reverse, ‘

- a. select, and™

e. dgenerate . ’ . . : o

geometric and nu:7r1Qa1 Patterns ‘whe? set in 1lineaf ahd,
~ ‘-/\ ’

matrlx arrangeme t.

2-1.‘Thére are no S}gnlflcaht carf\latlons betveQn Gpade

P ¥

thtee puplls' ablllty to
—
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a. interpolate, o
b. continue,
c.sreﬁerse, . -
d. seléct, and
e.‘generete ~ ' ;
geometric and. nuqericel "patterns, end their ability to
ccnserve ' | - ’
a. number, and | : )

(@)
b. area.

3. There are no significant correlations between Grade
three pupils® ablllty to ' _f

a.'lnterpolate,

™ b. continue,

C. Leverse,
d. select, and

e. generate

i

'geometric and numerical pdtterns, and, ‘their ability to

classify:
a. additive classes, and
' N L
b. multiplicative classes.

4

T There is no =1gn1f1cant correlat1on between Grade three
J

'puplls' perfcrmance on’ the Pattern Proce551ng Test and

L
Q. mathematlcc achlevement,

b, intelligence,

I
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C. age, and

4. sex. )

: CLARIFICATION OF TERHS
ggiiéggi A set or series of elements jrelateo"‘by"a common’h“
'property or propertles uhlch allow for 1nterpolation or—
extrapolatlon of further elements from the same set.

- o .
Ext apglg _; The erten51on of a serles in accordance with,
scme‘rnle of relatlonshlp between the elements.

e

Igterpolatlon- The filling of gaps left 1n a serles by

s s e, it iy e i S . e,

elements acccrdlng to some rule of relatlonshlp.

——

Ccnservation: A sgecific propérty of an object-is'said to bef
.ccnserved if that property ‘ remalns_ constant : desplte
"transformatlcn in the shape and arrangement of that object.

3 .

, gransformatlcn- The operatlon of chang1ng the conflguratlon

e S S mnaad,
-

of an object without changing the spec1f1c phys1cal property‘
cr propert1e= belng studied, ; _ T _ : , v“
§

——

C;gssgigg icn; The operatlon of - grouplng objects 51m11ar 1n'7

some way intc a a class. S PO S '

L4 . N . -

Additive Cosposition of Classes: The organizatiop ‘among - a
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'set of nested classes where each one is included in the next
8

larger one.

A+ Al =C A=cC -t

uul_;gl;catlge Com9051tlon of Classg§, The - partitioning of

all the elements in a set on ‘the basis of tﬁoﬁ different'
propertles. - |
’ A+ Al = c”. B+ Bl =c
f2§i£252_29§£; An acfivity .whiCh ihvélfes 'patterﬂ'vaﬁd_
_requires a ‘subject, for 1nstance, to 1nterpolate or contlnue'

a serles.

' _DESIGN OF THE STUDY

: | - v ‘ S
_; vThe following is an overviey of ‘the feseefehi
.desighe‘ A mqrerdetaileé ae¢ouht iS'réportediin Chapter 1171,
N - B . o o
The -population froum- which the sample‘wasAdrawn'
, eqnsiéted ‘of“the'}pgpils belOngiﬁg’ te 11" Grade three'
classtooms"in.°f6ur elementary schools of an urban school'
board .The sample of 1006was selected randomly from +this -
‘ populatlon. SRR l S  'fA; . ‘ R |
InstrumentS, to 1n§estlgate.p§tternrproce551ng and

Plagetlan ccnservatlon and class1f1cat10n vere admlnlstered

tc each suhject, elther in group situatlons or. 1nd1v1dually.
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As vell, mathenatics‘ achlevement, 1ntellzgence and numbers

knowledge scores vere obtalned for each subject _A* slmple

‘ cclour dlscrimlnatlon test was also admlnlstered.

'The data were subjected to factor analy51s and
Pearson Product~mcment correlations.

© ASSUMPTIONS .

It is assumeq "
a. that a childvs response to a task is ‘a true'
. répresentation 'of his mental activity at that .

: R N o

—

k. that mot1vat1onal factors will _not 1nf1uence
51gn1f1cant1y a. pupll's/peq.brnance on the varlous'

4

. tasks..

L S r” LIHIfATIbNé |
S _ . A F
» 1. Short~term memory 1sbobv1ously demanded in anym~
teske regulring cognltlve effort., In the Pattern Proces51ng' r
Test,ltems, the g1Ven informatlon is always present and acts-
as an external memory (Newell & 81mon,_ 1972) Hence the_ﬁf

'problem of ‘memory. is reduced though not ellmlnated 7

2.  During  the _edmimistration ‘of the Pattern




3N
‘ProcessingoTest, learnlng may take place and therefore ‘the ‘

'fdrder of tacks wlll be held constant.

3. T‘rhe selectlon of particular .formsbﬂand,ﬁ.~

arrangements are constralnts on the' pattern tasks and so
limit the puplls' exposure to the coloured geometrlc shapesﬁd'

and the set of whcle numbers..

4. Lack of knowledge of number facts may affect a
Chlld's perfcrnance on the numerlcal pattern tasks. B As a -

'fcheck on thls varlable, a test on. the number combznatlons‘q

.correspondlng to those 1nvolved 1n the pattern tasks aias'

B A N

given,
4 SIGNIFICANCE OF THE STUDY
- Traditionally Mathematlcs has been a school'

"an appre01at10n of mathematlcal pattern is fundamental to a

:subject av01ded by students when they had Athe ch01ce- yet o

genulne, acceptance of mathematlcs by our puplls as: relevantd:

to thelr lives (Hurray Rust 1971, p 60) " If such a c1a1m
is' Valld, then the study of pattern should be an 1ntegra1

“part of every mathematlcs program, uhether 1n the elementaryﬂr‘

' ti-fté S
or secondary school, or even beyond SR T

‘The ?prime_ importance:'of this :tppic mayp;’be .

.'Q
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‘Iapproached " from. ancther angle, A major goal of mathematlcs‘
,cducators is that children should enjoy, apprec1ate and
part1c1pate 1n‘:;thematﬁcal s1tuatlons (Johnson, 1968). 7he
topic of. pattern lends 1tself to this -end : uouever,rw
' teachers need to be conv1nced that the top1c is more ‘than a’
: recreatlonal/ entertalnment useful for fllllng ln free tlme.
If pattern is to be con51dered a ba51c component : the
:elementary echool program, knowledge of the pattern process
Hand where 1t f1ts in a’ chlld's cbgnltlve development become
‘de51rable. Hence the preparatron of a Pattern Proce551ng

,Test may prov1de a serv1ce to teache%s " who wlsh to learn

more about the capabllltles of thelr puplls.a'

)

OUTLINE OF THE STUDY

Y

?

. | Y rerlew _of the . relevant llterature Hlil bf;w
presented 1n Chapter II. Chapter IIX contalns an account o: |
the des;gn and admlnlstratlon of the 1nstrumentatlon,;
‘followed by ‘a dlscu551on of the research procedures and an
_evaluatlon of the 1nstruments. = rhe results -of th ',data.
.ana1y51= used to test the hypotheses aret contalned lnp
“Chapter Iv- u1th a categorlzatlon of errors 1n the chlldren's
V'responses to the Pattern Proce551ng Test 1n Chapter V The‘

_flnal chapter, Chapter Vi '1ncludes a summary and dlscu551on

Jofv ~the flndlngs as well as some 1mp11cat10ns for educatlon*k

¥




and suggesticns for future res

earch.

33
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CHAPTER II

. REVIEW OF RELATED LITERATURE

The two main topics consxdered in thls chapter are
the pattern ‘process and the . Plagetian ' concepts of
conservatron'and claSsiflCation. A survey of the llterature
on thei pattern' process beglns the chapters 1In the second

section a brief desctlptlon'ot «1aget1an conservation and

cIassification is_'folloued hy‘;a summary of the research

' pertalnlng to, the particular aspects belng investlgated in

the present study, namely conservatlon of number and area,

and the cla551f1catory skllls of addltlve and multlplmcatlve
: compos1t10n. - A dlscussion on the relatlo, of. pattern to

'mathematlcal ab111ty concludes the chapter.

THE PATTERN PROCESS

7

Although, over the centurles, examples of patterns

have been 1llustrated and dlscussed in the llterature of art

.and musrc,' nature .and mathematlcs, the pattern process has

‘been recently brought 1nto focus by two dlstlnct yet related

in their study- of thlnklng, Frederick Bartlett 'and h1s

ffellov researcher Hargaret Donaldson have. shed llght on’ the

-

3y L

~"groups of reeearchers. Through the use of pattern sequences :
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"pattern ‘prccess; “Herbert Simon and his Pittsburgh
associates have analysed the pattern protess in qgajunctlon
.Hlth thelr work on artificial 1ntelllgence through computer
I51mu1atlon.~ Both groups have contrlhuted to the termlnology

”whlch helps to deccrlbe more clearly the pattern process.

Although they do not as  yet form a ‘body_of
llterature. the 1solated 1nstances of reported research on
pattern by mathematlcs educators prov1de a base for further
exploratlon cf the pattern pProcess withlh-‘the' mathematics

~curriculun.

Within his major concern for  the process of

_thlnklng, Bartlett (1958) gathered s;gnificant' 1nformat10n

- jabout pattern ,almost 1nc1dentally. In acceptlng that

thlnklng is "the use of 1nformat10n about somethlng .present_
to get somewhere’ else (p.24),"™ he faced the probiem of
- finding nore restrrcted forns of th;'king amenabler to
.inveétigation. The pattern ' process became central “to hls
'research with the 1ntroduct10n of the 11n1t1ng factor, of the

"closed system" ‘defined as one

,posse551ng ‘limited number of unlts, or 1tems or
members, and those properties of. the members vﬁl

are to be used are known to begin with and do not
change as the thlnklng proceeds ¢p. 23).‘ )
However, "the un1ts,v1tems or nenbers; may be arranged into

~




4

a variety' cf -orders or relations (p 23). A set of
‘specifiedl shapes, . the set of uhole numbers and the Engllsh’
alphabet are all exanples of closed s;stems ulthin vhich
patterns can occur._".“
. . -Q..

In reportlng hlS 1nvestlgatlons on thlnking, :
Bartlett 1ncluded brief. descrlptlons of closed systems, such
as a set of eighit partlcular words or 17 specifled numbers.
Detailed descrlptlon was' provided of subjects? reactlons tog
'cryptarlthmetlc, a closed system 1n vhlch every d1g1t 0 to 9
has its correspcndlng letter and each letter 1s a551gned x
_dlglt dlfferent from that glyen any other letter;. The
part1cular~'example of GERAhQ + DONALD = ROBERT was also
used by‘the information-processors Slmon and Neuell '(1972f
to study the klnds of. patterns subjects use as strategles in'

i

problem -solving 51tuatlons.'

Although he admltted that the process of thlnknng‘
" had not yet teen adequately descrlbed or explained Bartlett
- did 1solate some . dlchotomous features of  the, pattern
';process. W1thin the .context of the closed‘ system, he';'
dlStlDQUlShed between\lnterpolatlon, the filllng 1n of gaps .
where the termlnal p01nts are known, agd extrapolatlon where
at least/ one termlnal poznt has to - be: satlsfactorily:
"constructed In his consideratlon of elther of these tasks

'he recognlzed that flndlng a rule inherent in a sequence 1s




7 . o

el

f"totally dlfferent from constructlng a sequence " of fit/yhg

1tems when ncne of them can be 1mnediately perceived(p 35)

In “‘other 'ucrds, the\ successful extractlon oﬁ a rule from

1nformat10n glven can Stlll be/followed by mlstakes in the -
-1dent1ty of the elenents wlthln the systenm to which the rulel
is to he applied. Thls distinction was reaffirned by .
honaldsdp (1963)'who ;referred‘-tq .the dlfference -between

- "structure - 3r . Principle and execution/ or applicationn'

(p-135) .n R o s ,

K . . - .. -

Furthermore, Bartlett 4 - realized that - the

1nformat10n avallable is of tuo kinds. Current infornatien'

could be 1mmed1ate1y percelved vhile stored 1nfornat10n had

" to called forth from. long-tern memory. In 'order to
"integrate ‘the. two klndsl of _ rnfornation, ' two' mental -

prsgésses," classsification and generalization, 'become

involved. )
" Items and groups -of ‘items aaklng up the avallable,
' evidence are £Pp¢ ciflcally explored for features. of -
agreement and ifference. Those items and groups -
are pickéd out which display the . ‘greatest ' number
.0f, or the most important points of agreement, and
. these are arranged in a ‘sequence such that each
Successive step becomes empirically more probable
than the precedlng step (P.86) .« *

' Flnally, Bartlett p01nted 'out thatlthe ab111ty to flnd a

'rule lies not only within the hunan subject but also depends

on structural features_ of the ‘closed’ system such ' ash

regularlty, symmetry and numerlcal grouplng.,'

s - . . ~

LIS

A

o

.
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of the pattern prodess.

oL 38"

Although Bartlett .Was not exploring pattern'as

'Such, it dig enter “into hrs studles as  one aspett of

_6binking§ As  a result he hlghlrghted dlstlnctlve features
' .

.8 . . - ¢

‘The overall aim . of Margaret Donaldson 's (1963)

vfresearch was the same as that of Bartlett her partlcular

1nterest belng chlldren ‘s thinklng and 1ts contributlon to .

by maturlng chlldren. L Cj . "' AR PR S

. . ¢

. Hhereas Bartlett studled subjects' verbaliaations‘
malnly for the posrtlve heux;stlcs eXpressed"'n thelr

problem 501V1ng pehav1our, Donaldson, using the same method  :

of thlnklng aloud but ln a cllnlcal settlng, categorized
7. :

chlidren's responses w1th empha51s on the types of errors as :

-

' 1nd1cators _of levels of. thlnklng._ Chlldren of ten and
twelve years of’ age (20 subjectS'per group) 'were presented

'thh loglcal Problenms on two occa51ons two yearS‘apart;t_oue‘”

of th prcblems' vas“a series extrapolationltask-involving'




. t
1 u«.;?;p
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N ” .

'In"order to. ‘analyse the chlldren S protocols,

’

IS
Donaldson dlstlnguished betueen the term "error"= defined‘as
"any flaw in the thinking process"x' and "wrong ISOIution",
ideflned as "a mlstaken end result (p 35) ThlS view rs in

agreement Hlth Ssimon and Kotovsky's. (1963) contention,

'reiterated by' Klahr  and Hallace(1970), that there is mpo

_uhlquely deflned 4§é§&ect' answer to “a; serial patterny

extraﬁolatlon task (Klahr 8 Hallace, 1963 p,536). " Errors,

rather than' wrong solutlons, were sorted 1nto three maln

categorles, arbltrarty structural and executlve.

. o . i

d‘;

' Arbltrary errors occurred when a subjeCt* fgnored

part‘lof the avatiable 1nf0rmat10n or added to 1t in hlS

~search for a solutlon. Gues51ng or arbltrary‘ allocation~

/ .

meant that there .das no acknovledgement of the“heed toH

' .'justlfy a solutlon, though lt was conceded that no responses

jwere the result of random gues51ng.— on the other hand,

>
-

errorsv' of the' “arbitrary i rule type produced “some

v

justlflcatlon .for the ch01ce of‘the partlcular solutlon.

<

s

L

In Donaldson S study, no responses oh the serles

extrapolatlon task were. c1a551f1ed as arbntrary errors. A

suggested explanatlcn pointed out that thls type of task‘ is

-

”dlvorced fr, real ‘éfe and so there is‘less encouragement'

.""
.{3~

of "dlslof to th§ &der" , use Bartlett's
‘ ’ By o= o

T/
ey



expression.' Beoause of the difficulty in decidino whether a
child was epgaqed or struggling with the given, Donaldson
‘admitted that $0me e€rrors considered as flaq% in 'structure
" may have been thejresult‘of ignorlng or adding to thepdata

presented.

g

The second category, structural errors, EnvolVed a.

failure to grasp the principle or .Iogical relationship
~within a prohlem. In thls category is the overtap éfror

vhlch results from the dlffxculty .of ;conceiving correctly
&

the 1nclu51on, of one component within another, a s1tuatlon

- —

investigated by Inhelder, and Piaget (1969) in thelr study of}

'addltlve compos1t10n of classes, and a varlable 1ncluded in

.- thg present study of-thevpattern processr

Yo

In the series extrapolation task Donaldson noted

two levels of generallty with regard to structural Aerrors;

The 1nab111ty to grasp the general notlon of uhat 1t 'is to

extend a serles accordlng to some rule uas conflned " the

i

ten year old subjects who' mlght elther generallze that one

“rule was appllcable to any serles or else 1nterpolate' when

‘the more dlfflcult extrapolatlon was requlred. On the other

hand, the 1nah111ty to dlscover a partlcular rule lnherentj

'in a spec1f1c prohlem dropped sharply in- frequency between

' the ages of ten and twelve &N

-s:

&,

a
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In certain instances of struCtural'errors, some

misnnderstanding of . . Principle _’ﬁas‘ clearly 1nvolved

according +to -the'investigator, but the exact nature of the

misunderstanding»uas Obscure,

S : : N
The. third Category, executive errors, arose not

from: any fallure to comprehend the relatlonshlp or structure
. 4 U
of a rproblem but rather fromﬁebme fallure in the actual

carrying out of the calculatlon or manlpulatlon of “the

components of the problem. -The executlve errors found in
, < ! ’
the series extrapclatlon task .were mlscountlng, reyersal- 9§3

pairs and difficulty wlth dlrectlon.

@ . C ' Ce . - hl
- Y ~,
pod - } ¢

»

Because of her concern for _the developmenral

trends in children's _thinking, Donaldson vas able ~ to

EES

Ndemonstrefe the relatigity of errors. 'The presence of an

arbitrary error which ne lects the given . nece351tates that a

‘-structural error whlch Fon51sts in faxllng to. understand the
. 0 -~ .
given cannot arise, ulmilarly, executlve errors become

ev1dent only when the. structure of  a problem  is
comprehended As a result, childreni become open“ to
.structural .and later executive, errofs only when the more

prlmltlve errors are ellmlnated

’



‘§tudd§§_rg;§;gg to Information rogessing

— i . 4

In their -efforts"to‘ develop computer programs‘
capable-'of sxmulatmng human' problem-solv1ng behav1ours,
vHerbert Slmon, Allan Newell and their Plttsburgh assoc1ates
.have produced considerable 1n51ghtr1nto the pattern process.
Several of. thelr research reports are hlghly significant to
the present =tudy. “ |

' [
i

Simon‘and KotoVsky (1963f'used the set of levge-
' series!'completion 1tems, developed by Thurstone (1938), to
1nvest1gate the congruence of a , computer’ Progranm and human'
'subjects in solv1ng the same problems, thelr main 1nterest
being the analysis of the dlfferences in dlfflculty .among
’ -problems. fheir‘ aim Nas to;-test; their ”information
processing model which- cqnsiSteaé'of~f‘ s1ﬁply symbollzed
Vvocabulary for representlng serlal patterns par51monlously T
v'and a computer program thCh s1mulated the' processes - of

a

1 seguence production and rule acqulsltlon. The researchers -
e, L »

: first. of all devised .2 method of pat€ern ﬁﬁiprlptlon whlch 1ah )
contalned _all the 1nformation needed to reconstruct the
vsequences., Wlthln the framework of a- partlcular alphabetyd
,for 1nstance, the base-ten number System or the Engllsh

~xalphabet the initial condltlons had to be 'stlpulated . the

per10d1c1ty determlnea ‘and the relatlons translated into a

mlnlmum number of terms such as "same" and . "next", As an

- . . ~

e (1 ’ -
- et .
. R :
. .
. . R

-
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example, the pattern description'. of the 'sequence‘-

aaa Ltb ~ccc is - B o
| NI alph; a ]
| ,["1‘3":“‘”"] L
Startlng with a, the first létter of the Engllsh alphabet,
.each- period produces that element (M1) three times and then

replaces it by the next (N) letter of the alphabet.

In order’ to. 1nterpret the symbols. in ’a"pattern
descrlptlon, the pattern generagamg computer program needs
the capac1ty to detect relatlons llke "same" and "next" . in

‘famlllar alphabets anﬂ to exeécute the actions 51gn1f1ed.

-

On the :last 15 Thurstone 1tems, 12 admlts of
|

a auarled backgrounds and 67 high school senlors recorded\ from

: O
35 to _75 correct responses,_ whlle .the most succ ssful

.version of the four computer programs was able to solv
' AOfb the »15 1tems. Another,ivarlant ‘solved -7 of the\15

o problems uhlch could thereby be 1abelled as easy or

"Except - for cne. 1tem, this’ dlchotomy matched the division of

the problems according to the>median of‘diffioulty for ’the

human subjects. - -
e B

&

- Three 'pdssible'°reasons for the failure of the’

pattern generator were suggested5 by Simon and Kotovsky:"

'flrstly, lack ' of famlllarlty ulth‘.the».alphabet used in

R
I R .



constructing a pattern; secondly,4 llmlted repert01re or
relations it can"test- 'and thirdly, 1nadequate means: for
»organlzlng and recordlng the relatlons 1t dlscovers into ‘a
?coherentfpatteru description..

Problen dlfficulty for - human | -subjects was
predictable from the numberk of s}mbols .im the patterm

descriptions rather than the length of the perlod._ Further

-v»analy51s, houever, showed that the presence of a problen

Nabove the medlan in dlfflculty could be determlned by the-

need to detect and keep track of relatlons .on . two dlstlmct '

lists wlthlm the ceqUence.

o~

A more 1n51d10us source of fallure arose when the
same symbols occurred in both -adj01n1ng »and correspondlng'f
p051t10ns as, for example, in the sequence urtustuttuut”,

~Like 51mon and Kotovsky, Klahr and Hallace (1930) |

aimed to develop a' model to.' explaln" problem-solv1ng

behaviour. Through thelr 1nformat10n ana1y51s of tvo types;ﬁl'

of series completlon problems, they delved further 1nto the .
 pattern process. I A .¢:~ L j\

The 1n1t1al test serles of zu problems involved a
‘4set of geometrlctshapes .Hlth two attrlbutes, colour cand

orlentatlon, uhlle the 1etter serles came from two dlfferent

I



.uS
sources;l' Ihe f1rst 15 problems were orlginally devlsed by
Thurstone (1938) and used by Simon and Kotovsky (1963). fhe‘
vsecond groug of: 2y problems was drawn up at .the Unlversity“'
of chhlgan in 1965 ((Klahr g Wallace,' 1970, p. -249)..  The
.letter serles were later translated 1nto a’ number serles

'Hlth 1dent1cal structure by the substltutlon of the flrst 26

1ntegers for the letters of the Engllsh alphabet.

As ~border~ iS'vnotzilnherent .in _either or ,the
attrlbutes as they were used 1n the Pittsburgh Study,@,’he
fcolour-orlentalon serles may be regarded as sets of non-
vorderedvobjects. The only relatlon between objects to be f
accepted ‘orv'rejected is: “same";f' On . the other hand, thej
Engllsh alphabet has a conventlonal order, thus fhe‘ letter
ﬁserles requlres a greater range of relatlons to 1nd1cate how

.elements 'are not. - the samenb The suqcessful extrapolatlon of

“each of these problems depends on a pattern of relations,d

' not‘ just objects., Referrlng to the two serles as Stage I
and Stage I1 respectlvely, Klahr and Hallace pointed out’
that a stage II computer program can operate at a Stage I:.
- level. by s1mply reduc1ng the number of relatlons 1nvolved to

’

Che: "same"

The two.stages dlscussed by these' authors ‘are

'parallelled‘-ln the present study° tasks 1nvolv1ng geometrlc D

objects with t§b attrlbutes, colour and shape, are folloued
‘ . . - o , :

]
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by number series"problemS"whicbx include .mamy different

relations. .

v

Frcm an 1nten51ve study of the protocols of flve_
and six year old children, Klahr and Wallace found that a

smalldset of“strategles_seemed to be employedmby subjects in.

=various'mix°s. One of these strategles 1nvolved a template"

‘.

bu11d1ng prccedure .whereby subjects construct templates of"

1ncrea51ng 51ze until they flnd a recurrlng pattern. The

frelatlonal pattern determlnes the p051tlon in the alphabet

from symbols produced 1mmed1ate1y before, vithout cognlzance‘

ﬁof the relatlonshlp wlthln a symbol pattern. A _second ,use‘

of . the template model occurred in a backward scannlng'
strategy in- whlch a template of the last fev elements 'im ‘a
serles 1s matched agalnst the problem. 'SOmetlmes a subject
seemed to apply the template‘ bulldlng procedure to - the
attrlbutes consrdered as separate llStS._. | 4

s

The other two strategles were based on . "falrness"'.'

N

' for 1nstance, the need for equal numbers of each element.
~In these'tcaces the problems vere treated .as unordered‘
collectlons cf elements rather than a serles 1nvolv1ng order

of some klnd. “f ._- o : s ..' > wa

In devising a  'symbolism - to repréesent patterns,

Klahr and Wallace - recognized‘,‘simon:,yand Kotovsky's;'
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.
.

,requirement' that descrlptlons be in. termsgof 1n1t1al values

-and relatlonal patterns. They llmlted themselves “to \the'
hfour ‘brelations t-priOr(P)J same(S), next(ﬁy and'_donbie‘
rnext(T).f For the‘ sequence ‘aaa ‘bbb cccn ' the patbern
‘”descriptions is]',.NNh (aaa)v;' In. thls notatlon, the 51mple
operator N 1= applied to the 1n1t1a1 compound element ‘aaa ,
the cycle. belng repeated indeflnltely; The ‘ authorsl
'commented Ehat all- but one of the 39 letter serles}gan bel'
' descrlbed Satlsfactorlly if the relatlon "trlple nextv . is
vlncluded 1n the set of relatlons. |
Ancther Plttsburgh researcher Rlchard Roman (197&)
'has,, developed a thlrd method for descrlblng patterns
symbollcally., More complex than elther Slmon and Kotovsky s
or Klahr and Hallaces's notatlon, it can handle | greater
‘range of patterns. ' There are three. 51mp1e relatlons, count
'forwards (C),vcount backwards (BC) and repeat (R), and three
'compound relatlons, concatenate (CON), 1ntersperse (INT).and
,‘Sklp (SK)‘ AL(A)/ 1nd1cates‘ that ‘the‘>ﬁng1ish -alphabet'
starting at' the letter A is belng used. »SOme_exanplesotop.”

- 1llustrate thls notatlonal systenm follow- o “

ces) | . 5.°6,:7, 8, 9,"_..”».'_.
) CON (C(S), AL(A) )y 51, ‘6B, 7c',»
INT (cm, a(s) ) I '5,-6, 6, 6, 7, 6, 8, 6, e
Sk (s R ) 5.7, 9, 11, 13, e

LN



difficulty postulateq,

4g

S~

»

5”~sK”(C(S), R(x2) ) . s, 10, 20, 4c, ... .
CON(SK(C(3), R(2) ): SK. (AL(t), R(2) ) 3¢, SE, 76, 91,.
. | | . 11K, ...

ABébause.quit;:different'alternaté'éésdfiptiéps“éan
bevagsembled, Roman'sinota;ioq'séems shitable~not 'onlyﬂ'for .
céﬁpute: Programming ﬁbut also fbr\a,mathégg@icé_curricuium
ﬁhich-is_féstering fiéxibility of thinking. For’ éxample@
the sequence’ ; | | | .
| 1uﬂlﬁ#;,22;f23;j3c, 33, 38, 39, 46, 49, ...
can be déSéribéé as . o . J

INT'(sx(éf1a),'R(8) ): sk (c(17), R(6,10) ) .
or. ' o o

SK tC(1a).'R<3-.5.1.7.) )

Recent | research ﬁifectediby Simon has focussed on.

the understanding of séria;ly'patterﬂéﬁ action. Greeno and

Simon (197&) dj ferént;ated.thrée distinct taSks,.nahély:W

" the Process of, Qiécdvering and inducing the
pattern ipplicit in a Sequence. of . Dumbers,
letters, or other symbols; . ‘_ -
the  process of representing and storing in medoryf
the patterq thatmdescr;bES'the sequence; . _

“and the frocess of ‘using this stored i
to  generate the Sequence from the pat

fime‘(p.ﬂ87).

N

Dterpreter, each

Throughithe,USe of'thé'comPQter_Rrbgram;
of thé'fhfee tasks can be;analysed”séparately and levels of
: Ty S B
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& , Foliowing Restle'(1970), 'Greeno and-“simon‘ (1970[
suggeéfed:;é: notation _usingl only three npérators - repeat
(F) , transpose 1Ti'—add or snbfrdct ny"i)“nndvneflect (gifon7
| "mitrorﬁ). The fact that this set of_ operaéors has grnup"
properﬁiés vprovideé an'firm basis féf fhrf@p; thédretiéal
étudy of the patfern'process.: The autnors vwarn ‘knatA no
single nméasure of pattern dlfflculty will handle all three“
tasks and it is unllkely that all subjects ullla‘follov a
s;mllar ;;nterpretlve procedu:e to accomplish tne‘seéuence-

generating task.

. Investigations within Hathégatics Education

éétause ofH the -1imi£ed.ireseaén on gattern by

- -mathematics "éducatorsj ‘interested  in §%E}riéulum; 6neii'
particulat.rstudy -bYIACfonié'l (1971) standst ~out. . He
investigateq the development of'the‘abiiity of children four
to seven yea;ér of. age' to. deal ’with-”péttetns“in‘fhree"
 cognitive processes and in fthree éognitivé ‘modes. ., The
'processés :were categorlzed as. reproductlon, 1dent1f1cat10n
(selection in the present study), and exten51on (that is,'l
extrapolatlon).‘ _The' modes ~vere cla551f1ed as enactive,
iconic and -symbolic, }thrée-'phasés postulated’ by Bruner
(1960y Crnmie' found that the ontogeny for the processesn

vas reproductlon, 1dent1f1cat10n and exten51on.



*S' ' It is to be hoped that more. studles by mathematlcs

educators.on thls toplc wlll be forthcomlng.

L

' PIAGETIAN CONSERVATION AND CLASSIFICATION

[ e
.o~ : .
“_‘ . | . - S . . [

]
&l .
~ -

Asvstated.earliet, Piaget's develcpmental"theory<

533#j:_ " has been'_summarized by ‘Flavéll' (1963), an  'n numerous’
" g . studies, (for examble, Cathcart 1969; Hartln, 14&5: Reimer;
1968; erhardson, 1973 and Towler, 1967) .
.:_The: §E§}§ framewoth“. of:‘P{aget's theory ‘of"
'cognitive”deﬁelopment is the fOur' gualltatlvely dlfferent
‘ stages, sensori- mctor, pre-operatlonal, concrete operatlonal»_'
g dand formal operatlons. A Chlld ln the pre- operatlonal stage

characterlstlcally is ,swayed by perceptual cues, and is f
often unaware when hls conclus;ons ‘are‘vself-contradlctory,u[
h while  in, the next stage he comprehends the 1nvar1ance of

certaln propertles of an object at a conceptual level.‘f The

¥ S

1sectlon of _the ‘structure' relevant' to thls‘study,iS'the
dynamlc and fluctuatlng tran51t10n from the stage of pre-'
‘operatlonal thought to that of concrete operatlonal thought

man;fested\_in—' the development - of  conservation  and
. Classificatory skills. R _- ' S

o ) .
& .y



A feature . of the tran81tional perlod in the’

development of 1oglca1 tﬂﬂnklng - the-. ‘child*s gradualli”

acgulsltlon of the prlnquple of conservatlon pertalnlng to
. quantlty, number, substance, length,' welght and area,

desxgnated : as "first- order" conservatlons because they

requlre only s1ngle appllcatlons of rever51b111ty ’ Having.

attalned thls operatlcn, the conserv1ng Chlld can cancel out

the effects of change in order to focus on the propertles of-
an object that have remalned unchanged (Almy, 1966), ‘he can
‘ ;ntegrate two temporally separate experiences 1nto a single

- judgement (Relmer, 1968) These conservatlons _can therefore
P

‘be ,con51dered 1ndexes/ of concrete operatlonal- thought '

° T

(Bralnerd & Allen, 1971) g bj’cff“_f o - i

- . >

In hetween‘ these two stable states a . child

'vasc1llates _in,,h' grasp of the notlon of 1nvar1ance., He - -

v

may be confldent of the numerlcal permanence of ia set' of

S blocks, yet change hls'mlnd vlth alacrlty when faced Vlth

transformatlcns of a set of constructlon br;cks. Thus haj

- childvvmoves from an- absence of. conservatlon to. necessary

' conservatlon 'with an 1nterven1ng perlod ;n : whlch ”he?

,\__ﬂﬁ experlences a ccnfllct between penceptual '&vidence and‘-

|

?Sblcal conceptlons. I o - L .

s \, ’

N

Iy

,/. - . . ) .
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'Research "reports .pertaining to f? Plagetlan,
7., '
conservation have appeared in ,numerous books ‘of readlngs
sucn as those edlted by Athey and Rubadeau (1970),',E1h1nd

and Flavell (1969).“ .and Slgel ‘and Hooper (1968), whlle'

explanatory 1nterpretatlons have been publlshed by Brearleyﬂ“

‘and Hltchfleld (1967),'Farnham-Dlggory (1971), Glnsburg and:’

Opper (1969), Ph1111pS(1969) and others. "Martin- (1973)

s contalns an exten51ve survey of conservation research and a

-

blbllography claselfled accordlng to the partlcular property

belng explored '.‘ - ;:” ”.j _f d’r -“’, ;.

’ The two Plagetlan conservatlons relevant utoe;this,'

: study _arew number and area. ' Research 1hvest1gating'the5

' presence Or.«rnduction of f1rst-order conservatlon, hasf

-

“concéntrated ,on number, .along Hlth substance, length and

‘ weight, wlth very llttle belng done on area. In fact, ,this

aspéct of .-conservatlon 'isf inot categorlzed in 'theg

Interpretlve Study of Researg and Developm ent. in Elementary]w‘

Mathematics (Suydam & Rledesel,\1969), nor in. the precedlng

dlssertatlon, An Evaluatlon of Jour —pu _1shed Research

ggpg_t_;;g Elem tarv School Mathematlcs 1900 1965 lSuydam, -

oo

s fﬁ_

.

Ccnservation of numbgr The Chlld's Conceptlon of“ 2 fr“

Number (T965) is devotedﬂ 'o "Piaget's 1nvest1gat10ns of

e e —

' varlous Aasfects of number development . He found that

"




children perforn -consistently - whether they are exploring
- , = . :
;conseryation of coptinuous quantities in the fornm of

quuids, or conservatlon of dlscontlnuous guang;tles with .
.contalners of beads. -Percéptual appearance domlnates the
younger chlldren;whlle the next stage sees’ subjects changing-
their} mlnds even’though a co- ordlnatlon of relatlonships 1s 7
developlng. . Lastlng equlvalencetuappears when a child
freallzes thatv a. transformatlon “pan be reversed mentally, ‘ -
thus’ ensurlng conservatlon < v L ' S

I - ‘ ' o

o

A : paraldé;‘, pattern resuited:} ‘onﬁ -~ the
investioaticns 'otv number . conservatlon whlch " Plaget
fcategorlzed 1nto-two types of correspondence.; In one4 case,'
correspondence can be' provoked by externai c1rcumstances
such as. the assoc1at10n of egqg. 'uith eggcup, the; phy51cal
prox1m1ty of a glass by a bottle a flower in a vase, or the &
,‘dynaﬁﬁc exchange of one object for another.' On‘the other

‘-hand, Spontaneous correspondence 1s e11c1ted through the ns%"

of.51m11ar'cbjects and wlthout ,any partlcular metﬁ@‘

’problem solv1ng belng suggested ; . »::H AR %

K - y . o -
o . .

‘In a. typlcal | situation structured to

. ) ' ‘za
.correspondgnce, tuo séts of objects areu palred then the I
";a‘ o ‘ T

i
objects in cne set are spread out thyé the'other group may }/
.' .-‘ t . .

13

be made more compact The\cniiﬁé fstloned abqut the

relative:,nnmbers"of objeﬁis /;n the two sq&seat eﬁbh step'
L s ,,/ : BTN




W ot

“., 54

o . i . . + .

during the transformations. ' oo

.‘.‘1 . , . . . v";’:". ks : .
"' ? . : l t,‘l o ‘;” “ \‘i’ :
e
In maklng thelrucomparlsons, younges cmgldr : end
——41- .

to - evaluate .spat1a11?> ‘thereby ignoring g% i nugétlcal L
_relatlonshlp. ' At the second stage, chlldren a; ﬁapable of

making the one-to-one correépondence but as- ~soqn_‘as thﬁ
visual pairing.is destroyed the quant1tat1Ve equ;wa;ence no X
‘longer‘ seems to exist:: For chlldren at\the thlrdlstagef’.
quantrtles remain egulvalent eVen though the space voccupled
changes S - '?_; vznv”;f,;;“-vf Lgﬂb/

& ! . ,:, i " y . -O "(} ) \ -

. The prcto ols of Plaget's sub}ects 1ndlcate that

progression through theseﬁstages of nuiber conservation ,is

the same for bot
cgpservation thrbugh provoked correspondence. will* fbe
e s ) ) @ a ' N ]
dﬂscussed, here, artlcularly .as’ other researchers have =

tended to choose this’ aspect for mnvestlgatlon.

> . ;‘) w,
. %/

Stqgff’ by researthers such as Dodwell (1960)[

Hood '(19625'?an Wohlwllla(1962) have conflrmed ‘the general- _

/
sequence df stagés 1n number development proposed by th

Genevans. . An emten31ve:‘reviev of the llterature on th
. ’l ’ i Lt . .
acqulsltlon cf number concepts cah ‘be found in R1chards n_

(1973)., Accordlng to anget (for example, 1971), the change
@

”in thlnklng revealed n success on conservatlon htasts
. b

v

bccurs, on.the average, at seven to elght %earé df age. a%he'

,g-e.'_

&
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N R . v' "
performance of Piaget's subjects in five different number

situations is st wn in Table 2.
. S

ki o §$, A feature of this summATy ‘is the ulde age range of
chlldr n - categorlzed at Stage- II. 'Subjects ‘in  the’
‘transitional period‘betueen-no'.conservation and‘ necessary

conservation  are spread across a‘span‘of 2Q.months for the

I/ - ) A .
.glasses.and Bottles'situation. for the flowers and vases 16

.ﬁ_months and for the pennles objects exchange 26 months. The

puwoldest subject reported was 6. 11 years and he vas stlll in

Stage II in  the: pennles-objects exchange 51tuat10n._ If

Plaget tested older chlld!en for number consetvatlon, he‘dld,

°

< v
\){

not 1niéude their responses in h1s classic reference on: the .

'toplc.

o : C Coe ) . .
Older subjects  have been' ~used_ in several °

replication ctudies. 'Almy (1970) admlnlstered Piagetian

3&%ﬁber consetvatlon tasks to 628 second grade chlldren (mean
age 7.3 years) of . whom 366 gave clearly operatlonal
. 1“ .

performance, 1eav1ng 263 not: yet conserv1ng numberi~. When

- Ryde's (1970) . Bath and Doll Test, parallellng Plaget'SA"'

fglasses\an botties 51tuat10n, was presented‘%od s1x, seven -

. -
‘and eigh year old European chlldren in Aden, 9 of the 16 .

eight yea clds WGre categorlzed as 1nadequate conservers.
v ) . (k ey ‘
JOf the  fi6 chlldren in each af the six and seven year oldp‘

groups, 6 and 11 respectlveLy were'noted as. ’non conseryers.

P
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1% o . :
OVOKED CORRESPONDENCE)

. NUHBER CONSERVATI%E : '
AGES OF EIAGET'S (1 6 ) SUBJECTS IN FIVE SITUATIONS

‘ =43 .
/yAN ) '“‘9

BLE 2

- CORRESEGNDENCE . - : > Py
SITUATION , . STAGE I. T
Eggs'and ., .. 4.3 4.9 5.1,’5p25§“ 5.8 6.11
eggcups _ . ' 5.8 5.10 . 4
v ~ [,
Flowers angd .4 4.y ugé/ 5.7 . 5.5 5.8
- vases - .5.8/ 5.10 q;g
w .
"A P‘ . L2 .
Glasses and - 4.0 4.0 u.j, 4.8 . 5.6 6.2
bottles = - 5.2 - v 411 5.5, ¢ )
. } ) . 503 5.8 o
o S 5.9 5.10

¥
T JVh
R ;

L0 e

Penpiec-qgéects WG s 4.1 4.5 11" 5.8
¢ gxchang : b.6 ., 7 5.2 5.9 5.8. 5.8
- : o - 6.3 6.7
S - 611 .
_ “’. N : -
=Y .
Pennles-objects-' 3.6 3,11 - 5;6?f5.6' 6.6 .6.6
‘exchange "with : L . 6.0 6.0
~counting aloud - ’
- . N
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v

Generall& the non-Europeans showed less evidence 'of

ccnservation attainment,
Ty

/

/

{

-—_--

- Ccpservation of —of area,  Piagef, Inhelder . any

meemfhska.‘ (1960) . dev1sed . some ingenious problems to

'.ﬂ

'1nvestfgate the conservatlon of area. “In the Barns Task two

fpleces of card demonsttgbly“equal In anea represent two

~ C
.w,"‘, f‘«'..

‘ﬁ:a“-

flelds '1n each of whli% Q boﬁ is pasturlng \Qarns of equal

dlmen51ons are in one f%@?d \scattered andfhliy the othdr"

,-«!’-1 . »\""

clustered near’ the edWe. , ﬁmr 1tuﬁfﬂvn Plaget et

.ith
4.%! r‘u('
al. probed a chlld's understandlng Qf +the 1nvar1ance of

P

area upon suttractlon.

- . ! w ’ . _Y .
S . 3 S ' : ‘ s
. & - . . o

i

in ané!ggr problem, a segment is CEmoved from a .

'rectangular piece of card and attached at a dlfferent spot.

fThe ‘child. must ignore the increase: in perlmeter in order to

a Lo
t N

acknowledge the equivalence of area. - = = ,
- , e o .
v . , . . . -

In a varlatlon of thlS type of ﬁgpnsformatlon, tv0’

congruent trlangular p1eces rade fromwa rectangular p1ece of

card are rearranged 1nto a large trlangle and other shapeS-

such’ Gas a: parallelogram 1n order to check a chlld's ability

to wlthstand the apparent change in size,

T Beard (1960) paralleled the Transiprmed Trlangles

Task- by the uyse of a torm board in whlch rectangular and *

.,&‘K'
;- .
-0

’

.
. o . .o A !
! ’ ‘ e
. .
! B .
I
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s

rhomblc holes could , be "exactly filled - by the same two

hMcongruent trlangular vooden blocks. §1x and seven ‘year old
children were asked which hole they thought was ~bigger ‘and:‘
bthen saw the biocks fltted in. of the 60 subjects, 23

u}fpe§51sted dn their perceptual judgenent that the. rhomblc

.

" hole’ was larger. T A ' o ,

-
oy

In a,'comparative study of Ghanalan and English

children, Beard (1965) cut tvo congruent "Squares in -half,
o s _

Fd -

one ‘parallel Hlth a side, the other - d1agona11y.4 A
‘.trlangular half and a. rectangular half were then comblned to
4make a "house" which: was compared wlth 'thev 51ze of the -

orlglna; square. At age elght, both groups had a succeSs
rate of 32 per cent.’ At age ten, 56 " per -cent of the
0 c p P

GhanaianS‘ attained’ stage I1I as agalnst 62 per cent of the/‘\\

E -~
":« iy

\ English children. -

¢

"o In their study aimed at the tralnlng of Grade one

=l

and' Grade three' puplls in the qonservatlon of length and
'-area, Bellln and Franklln (1962)- used the Barns Task as vell
‘as the Rearranged Rectangles Test but falled to- report the

ﬁsT*,“ .=&spec1f1c data. ) In two further experlments, Belhimv(1960

A . 3

‘.t /, d
7

o

1966) used an analogue of the Rearranged Rectangles Test 'in

.t}-

- -s':r/
et TR ORI ,
s the-. form _of a Vlsual Pattern Board By the 1nsert10n of ~

e prepared*)templates, | transformatlons :‘of~‘ connected " or

unconnected unit Squares icould ﬂbe. instantly presented,:

]




C
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without any moticn’neing.evident, No physical " manipulation

te
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was involved. Apart' from - their perceptual_impressions;'

subjects‘could use counting in the form of 1terat10n or .

'transiocation in maklng their judgements of the equlvalence

of area. 1In the 1964 study, 13 of the " 26. Grade four
’ . 1

children cculd not judge area equ1valence correctly. ;TheAT

19&6 experlment was restrlcted to first and second grade

- chlldren. Ine number ﬂof area COnservers on the pre-k

'test(Grade ‘one=11 Gradetwo 28) was ralsed after tralnlng *to.

4

77(Grade one 27, Grade two=50) out of a total of 236 subjectS<

equally d1v16ed hetueen the two grades.,

13

>

: > SR
vwere presented to' 90 Grade three,puplls (mean age 8.8 years)

L

conserving 'cn,lthe‘ Barns Task vhlle 30 wvere so classed on ﬁ

ratlonallzat1ons glven by the subjects On the Barns Task,

..a tect cf area conservatlon as 'of number conservatlon.

‘Murray (1965),euh0‘describesflconservatidn~?asv”"a

process of re51st1ng 111u51on or of recognlzlng a dlsparlty

one, two and three chlldren ulth 111usxon dlstorted areas.

Seventeen of the 23 Grade three <children reached Piaget's

The Barns Task and the Transformed Trlangles Task :
by Blackall (1972) -wh found that 02 chlldren were

L the' Transfcrmed Trlangle Test. After analy51ng . the'd

'the 1nvestlgator questloned whether gais test is not so much N

_between appearance ang 'reallty (p 62), presented Gradesv

.
\



~E

° o . 60

Stagev III on the Delboe%g concentrlc c1rcles illusion. He

clalmed that these data -support the conclusion that  the

tran51t10n from' no conseryatlon to necessary conservatlon

occurs hetween the ages of seven and eight years. : However,

."nearly _ one=- guarter of this group were not operatlonal with

regard to area. ' ' ' : R

’ ’ ’ . -

o ‘In  a =calogram analy51s ~_of Plagetlan area

concepts, N&edleman (1970) reported that the total sample of -

69 boys in Grades three totelght.attalned the .concept of:

n

@]

results are not cons1stent with other reported research such

as Goodnow and Bethon s (1966) study in which 38 per centiof

-area conservatlon. The-subjects ranged in age;from 8;6‘_to

the gifted elght year olds and 56 per cent of the average

eleven year olds were categorlzed as operatlonal in area. -

»Summary . In the studles 1nvestlgat1ng.number

',and area conservataen, ‘theré is one conmon feature. the 1ack

L2

of unlformlty Hlth regard to the ge of ‘attainment of

Voperational thinking.' Nevertheless, there is agreement w1th

~ Piaget on the general development of conservatlon concepts.

R . - . . . . .' . - o o

-

BN

4.4, w1th, I.Q~ scores from 100 to 120 However, these"«"

\
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\‘»'

BeCause’ of the particular works selected for.

”translatlon into Engllsh the Genevans glve the 1mpression

that they have concentrated on the probleq.of conservatlon-

K

so- that the deve10pmental stages are more - commonly

,aSSOC1ated ulth:Dthat tOplC. . However, 51m11ar stages areo

;postulated for the development of mature clas51f1cat10n.

AMfter the fhltial sensori- motor period' a child . moves

through the typ1ca1 stages of global comparlson, intuitive

judgement and operatlonal judgement (Hyde, 1970). Inhelder‘

and Piaget who‘co-authored The Early Growth of LOQlC 1n the

Child  (1969) - specify the 1nvar1ant and qualltatevely;
differentestages-uigk,regard to c1a551f1catlon as - '

i.. graph;c collectlons

ii. ncn-graphic collectlons

- iii., hierarchical classification. : P

For. the Chlld between the-vage bf t"9- and five

: R

_years - apprcx1mately, the spatlal arrangement plays an

essentlal part 1n dec1d1ng how the elements in a collectlon

are to be sorted- hence the term "graphlc collectrons" to
\ .

Hd€=C11b€ thle level. The chila- may set out. obgects in heaps

'but not systematlcally. " Be often applies' relatldhs of

51m11ar1ty and dlfference to ob]ects in succe551ve palrs, S0

that small partlal allgnments -are . prMéced w1thout-any'

e
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ev1dence of an understandlnq of the colléﬁﬁgon as  a -whole,

He groups objects that belong together such as a Square and

a trlangle tc form a house, a tree, ‘a fence or a horse,
rather . than cla551fy1ng them accordlng to'common propertles
such as form or colour. Thus he nay produce .complex
geometrlcal objects based on perceptual belonglng or complex
representat1cnal cbjects based on functlonal belongang.; »
At the Jevel\ of graphic collectlons, the chlld
does ‘not ccmprehend - e propertles ‘?f clas51f1cat10n,
including ﬁthe ‘basic notlon that\ objects . With " a common
/‘

-In the subseguent 'stage labelled ."non-graphlc

~

collectionS" the Chlld 15 aware that €ach and- every object‘

.has to be cla531f1ed in one sﬂ@se; only.' Because all the

elements ‘in>4a subset ha@e a commbn property each suﬁset 1s
mutually exclus1ve. He 1s more fleX1ble ‘in be1ng able-'to
classrfxu ‘an - individual. object accordlng to @ number of
properties. However,.certaln key concepts are.ibeyond \him_
stﬂll;t He does not connect a-'subset with:_the"whole'
collection uhen it removed or dlsassoc1ated phy51cally. o
Secondly, he does not comprehend the 1dea of class-1nc1u51on
even . though gé'_ may" 1ntu1t1vely structure " subsets

hlerarchlcally rather than 1n’§hxtaposrtlon. For ,instance,

in the matter of multlpllcatlon of classes he may "construct

e
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four collectlons isomorphic to those of a matrlx .o yet he

falls to reallze ‘that the set as a whole can be Spllt in two

A
Q

ways. and not 3ust one (p.168).

Aécqrdingh‘ to ,the’vGenevans; ‘what fﬁé childrs
thinking lacie <at ‘thie” time . is dthe’ 'operation’ ‘Bf'
revereibility.- Aithough' he“ may :be quite clear that tvo
éubeets form a union,'*he child cannot reverse the process

in order to compare a subset wlth the wlole set. Thus he is

1ncapable of understandlng that all the elements in a subset*

' 7

are oniy part or some of - the superordlnate set whlch may be o

L
-

regrouped in a number of ways. g :\ i

Tol‘reach .the :,final stagel' of hierarchical -

'claSsificaticn,' the child must acqulre rever51b111ty ‘if he

- is to clac51fy objects and operate ‘Wwith sets and subsets

‘-

°gically. It ﬁhas already‘ been 'noted .that Plaget sees .

-rever51b111ty as a crlt1ca1 factor 1n a Chlld' abllityﬁ to
conserve. - O-

4

‘c1a¢51f1cat1cn ccncept'

Included .in."_tﬁej present e’udy: are  two key-

. namely additi#e"compositicn br
_classeés and multlpllcatlve 'comp051t10n' of ¢ia§s§§, both

',involving fthe' co-ordlnatlon ’vof | part-whole fjrelations.

Successful agialnment of both these lqgical"'dperations,

regulres the abli%ty to use the same . elements ing~two

»

e. L ;v“ | : | n, ) ﬂ‘“Abu,;uﬁ>- - ‘. ‘: [a



©
i

ITe

L 4

64

F]

i : Ty

different ways,  In additive composition the’child has to
think simultaneous’y of ’the part and the. whole, 'whilej

multiplicative comp051t;on con51sts in class1fy1ng 'each B

"

element accordlng to two dlfferent crlterla s1multaneously.

< ae

Y P1aget has clalmed that these tuo types of cla551f1cat10n

lare "mastered at the same time, about the age of sever .4nd

elght years (Inhelder & Plaget, 1109 p.151).

Additive conpe bhion of classes.

.k 2252k X5 L0

evan investigatlons of -additive

ﬁn
composition .(Piaget 1965 Inhelder 8 Plaget, 1969 Vlng

Bang, 1971), the child is presented with 20 .§ S0 wooden

beads,‘-18 rof whlch are brown in. colour thh the remalnlng .

]

%‘“‘vtgg whlte. The cruc1al questlon asks,""Are thene more

wooden beads wor more brown beads’" Parallel 51tuat10ns

involve‘flouers, chiLﬂren and coloured wooden sﬁapes.
ﬂA B -, . . . . : . L ' . ) B
-7 : ‘ -

spontaneous cla351f1cat10n results in amblguous grouplngs.
K

Chlldren at Stage II recodnize that the subset, prlmulas ﬁor

1nstance, belongs to the class of flowers, but they cannot

, a R _
In the classic

. At the first stage of ] graphlc colled%lons,;

separate the superordlnate ‘class into two sub classes so -

that it Stlll retalns 1ts .identity. At. Stage III, "the

uhole_ contlnues to exist uhlle 1ts components are separated

»hln taought (Inhelder 6 Plaget, 1969, P. 102)

a

l,_

Lowa
[ oval
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‘whlle the successful operators Herg,s 9 7.2 and~B.0. 

»

Piaget (1965') claimed'

clear €vidence of the systematlc | dlfflculty
experienced by children under seven or eight in

including ope . class in another ' and . jp
‘understandlng that a total class is wider than one-
: that is lncluded in it (p. 166).5' D - S

.\?’

o L : L .
In. his flrst 1nvest1gatlon, Piaget (1965)‘tested'

26 chlldren malnly in tue wooden beads 51tuat10n, Twenty-

-one’ of thece subjects ranglng 1n¢age from 5.0 to 6 8 years

were categorztrd at qtage 1 -'1the »absence of wadditive

comp051t10n:' one aged. 6 0 and two aged 7.2 were-at Stage,II

.
) .
o <

- of the 69" subjects fdescrihed in?~3the‘- later

¢

1nvestlgatlon (Inhelder GFPiaget 1969), whlch favoured t he

-'flowens 51tuat10n, 29 were successful at the'fstage fIII

~©lds ‘and 5 out Of the 19 . Seven year 0135  are in ~marked

contrast ‘tc-those of theJolder~groubs in which 10 of the 17

.elght» ar clds and 9_5f the'13 nine and'eenfyear olds uere~

5

consxdered operatlonal

In another Genevan expealment '

Bang (1971), the low proportlons of 7 per cent of

year- olds "and 13 per  cent of the 51x year olds who :gre’

'succeshfuf‘rose to 40 60 and. 70 per cent cofg&the-'seven,

2

elght and nlne yYear olds respectxvely. The total numbegs of -

“ayg

'level -.The proportlonstlof”'slout of 20 flve and six year

3
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subjects were not included.

3

These results not only prov1de ev1dence fo;

- Piagett's cla1m that chlldren are seven or elght before they

acquire class 1nc1us1on, but also .empha51ze' that*”some”

chlldren may be very much older when they reach thlS level

of lognggl thlnklng,‘a condltlon postulated as necessary to

an adequate understandlng of the classes and relatlons‘ of
A .

v

.number.,_ o ll y : . 'S

i
-

&

;ReplicatibnS‘" ofl'the Piagetian Beads Test' of

~—

- additive composition -or 1ts equlvalents, have been<carr1ed

out on koth sides of the Atlantlc.'f,ghe Developmen nt_of the -

Addltlve Com5051t10n of Classes _ié‘v one of"the_tPiaget

‘Repllcatlon Studles[Elklnd (1961) conducted S 'the Boys

" and glrls =1tuatlon and 25 subjects 1n each age group from

f1ve to elght years., At age flve and 51x years, 12 .and .14A

‘ chlldren recpectively were categorlzed at stage III, whlle

there were 19 and 23 in the two older groups.u

P

- ;
S -
- *

Lovell, qltchell and Everett (1962) presented both

o

'the vooden teads and the flowers 51tuatlons to-ten‘ subjectso 7

at each age 1eve1 from flve to ten. years. They found that

no. five year olds reach a- Stage III. of the 51x, seven and,
[ .

'e;ght .year olds,» up to n uere succesi;ul on elther tests.

"However, all but i;g of~the n13% to” eleven year old 5roup h

5
4, : N

e o

o . N X - o
. . " ak : . ' .
o . : . ‘§Q ) . - g
o . ST " ) . B

il
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were ' able to relate the parts to one another and to ~the

3o v
(1

- whole, thus indicating thelr Lattalnment pf roperatlonal

‘, . . . ‘ Yo ‘%-_ Sat v o s e . "\ oy , ' -y . ’
sthinking.., . o § ool e W 4

’

E e dIn her ‘SCalogramg study ’5f,ﬂ c1a551f1catory

v ‘!'d"

developmég " Kofsky (1966) used a colou o shaﬁes' situatfion
;“Mlth 20 subjects in- each age group from four t@ n1ne years.
.‘(There was an add1t10nal sublect 1n bo%g theﬂzapr and YSeven
year 014 groups ) The percentage of successfdl chlldren
- amongst ‘the four youngest age groups fluctuated con51derably )
from a surpr1s1ng 29 per cent of the four yea; OldS#ﬁES a

';agalnst only 4 10 per cent "of the‘,51Xv year %lds.

Approximately one- flfth of eac& of the flveoand seven year
' Ty T e
o0ld groups Were regarded as qperatlonal . There was a marked B

1ncrease ,f"\\th ‘ proportlonz of older subqects ‘who reached f';%
Stage II (45 per cent of'ﬁhe e1ght year 0lds and 760 pef cent
iof the nine year clds) Flthough Kofsky S resuLts generally
ﬂ.ccnflrm Palget s contentlon regardlng the leap forward ””i

Aoperatlonal thlnklng at seven or elght Years, con51derable

f—ﬂ"numbers of older chlldren d1d not pass thls elass 1nclu51on:

-

test.

{

1 T . - »_"——-“‘a; " . vd“"' o . / k

“Almy '(1970fx 1ncorporated “a class 1nclus10n task o )
into the battery of Plagetlan tests she admlnlsteapd-to 628

.Grade twoJ puglls. Flfty of the chlldren gave clearly/

s operatlonal performance on tuo 51tuatlom§ involv1ng small

- .~ . . . . - . . .
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numbers of+ fruit  and wooden blmcks.‘ In considerlng the -

.
“ i . . L
R T PR LV

“v;wSSlble 1nterfer1ng effect oﬁﬁlanguﬁge comprehensxon on the'f{.u

L N

level of a chlld' respg%se, Algy concluded from y(andﬁ o
associateddgggrller study (Mlller,\1966) that . "foﬁ!a ‘chilad s

N lacking su ns1ght the rephra51ng of the‘ questlon made
‘little if -any dlffenence *in his response' (Almy, 1970;
) PO . - . _‘&; N o . ‘ . e
~ péBu) '" L ‘ ’ - ’
‘g: ’ ; e * X
i en Hyde_(1970) administ ed" the Beads Test to &
! i’ B 3 I . oo )
T S the“°u8 AT ADS am chlldren 1n her equally dlv1ded lnto
- .”..' . . o . ‘ *» (‘-.‘
.. the 51x,‘Seven aqﬁ elght year old ; . the youngeat
o B - ;Q« “ ‘ v . PR . \ . .
. . ‘groupi*uaS'esuce’ vfg}, whllenJ 1n each 0 ¥ other group‘
o . T & : Q ;, - N .
BUVAFS ‘had reached Stagé.e&I«: Thus sllghtly nore tPan half of the T e
[ oo S : N » ,g - :
o oldeg chmldren were not yet operatlonal . ';at_ W _
’ . I ) . L . .:.I o e "-:‘_‘,v._:
RIS Kt/ S 1 SR TR f ‘*J . V;\’ IR : L AN
R S T |
- ‘0'.' . Although prlmarlly 1nterested 1n dlfferences in g?wg
. D "'h .. |, e
i ) . VJ s . ACTRET
s performancq.due tc soc1al class, Wei,. Lavatelll and Jones/j
(1971) reported that 27 of the uo Grade two pupils (mean age o
X wh B
7 6 years) uere operatlonal when they were glven the wooden
.beads task : " i - -
- . ) . - . . \ . ' . g
A;summafy'of LsubjeetS" who attained‘ operatlonal
additive -ucouposition~‘ih’ the va:;ous* 1nVestlga310ns ;fé
p}eseuted\in Table 3. ’ . : o **
“O. : | _\\ - - \7"/‘//" v . . - i c, A‘ | » ;, _/5 . o ‘. \‘\f , ) .- .
L g - Although the criterion- of categorization . would
. e ‘ ) J . o [ . ) e . ) \\.;, .
K 2 ¢ . > - ' oL
L3 v . ._ ' . - ‘ - - s \\ i t’
"4~_7 . \.J \ Q i
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ohviously differ “from ‘Study to study, tﬁj/£32£9/€;dicates”

marked dlscrepancies among the percentages extracted fron

. &
.. the Vvarlous studles.’ The percentage of f;ve year olds who

”

S ¢
.v?ﬁg%ven‘Jlf Elklnd's and Abmy S studles, whlch shpw the

9

. « B L | Hw . u
y >percentage &&a‘gev from 20 “to u8 The genertllzablllty.o

&& ‘%Such flndﬁgge uould need to"be tentatlve. However, the data

- -\ 3
*geneﬂ%@iy ccnflrm tﬁg Plagetldh contgngt?n ofz a crl LC

jg:-_cchange:in eﬁ?nking_ability e@‘seVQn’anQ‘eight years-of'adﬁr.

: T \“‘ DR I o

T e © 'Multiplic atlve comp031t1dn of classes. There

) - ) ‘:%wo:'mainrﬁtypes d“of i yultlpllcatlve Ela551flcatlon
. ”Sltuations,'matrlx 1ﬂtersect1dn compygtlons uhenathe subject

B 'usually.‘ seJects hlS, response fron da' flnlte ”set':of'-'ﬁ-
‘ PR o

) alternatlves. aﬂ% spontaﬁeous cross-cla551f1catlon rn vhlch
vy |- the. cnlld forms his,vounblclasses from the set of oh)ects
N ! ' . . - . T

. -3
v o' - . 3 T -

present study. . __V“ [

~ v -,

‘!

classification, 1there-'are‘ squares and 01rcles .in 'two;

{.

-'colours, red and blue, glv1ng four sub-classes, red squares,

.' ‘0 .
red. c1rcles, _blue__c1rcles” and .blue sguares.vnAfter:the

have attalned Stage III vary from 0 to 08 per cent. for fhe ‘; |
?"“vﬁlx year olds 10 to 5 per cent for the seven year old s 8

'tc 76 per cent,‘ahd for the: elght year olds 30 to—_9§‘ per..

1scrﬁpanc1es, are 9 tted ; the" dlfferences 1n’

before h1m. The latter methi7/ has been chosen; for. thekg

(Y
’,.“

‘e L
° . . ; . S . . .o -
. . . . . . < . . ..
- . - . . . - - . . -
- A . e . P . L . . . . o~
Lo

In . the” classic Piagetian task involving free'.



of t&anspott. 44«; §’J

'_Sheppard (1974) 'i1  “ E

. on

; 'fé‘ct has been aﬁged. to divide the'«objects into four

o

'.gpi1~s; ;he lls requested to make 'two plles Elrst one way :and

r

then in® another way. . The crltical‘ response follows the

<

" instructiop' to make the four plles agaln so that the plles

go together when, comb;ned horlzontally Liasf wéll as

vertically. . N - &

. o : , ~ - . P
.\ o ,R o - .
. . N . LA N . . .

’”»

*° e alternate 'situation {"“'lizes bladk or white .

O

Qrabbliﬁ, elther sittlng orbrunnwyg‘ another’ has men, . womquu
‘ ‘,!ﬁ‘ ) X
’ glrls';aﬁa boys, wvhile §pth1rd sltuatlon rncorporates for, %

2 -

-

<Y Y . i

o . R ‘ i . J

The children's- responsegy .can. -once again  be”

0

'cated%gize&“.accordihg to three- stages, the first being

T

graphlc coLQectlons whlch 1nd1cates lack of multiplicativé

t Lo
‘ccmpOSltlon. ‘In Stage II the &hild forms exhaustlve subsets

while Stlll 1gnor1ng the 51mu1taneous relatlonshlps.' He may

¢ -

arrlve_ at -the four collect1ons of a poss1b1e matrix, but ke’

o
& .

is typified"by 1mmedlate cross- cla551f1catlon, indicating

the mental co- ordlnathn of two crlterlamféi T

Amongst the researChers'vho' have . Téplicated the

- -

_. - -. - : . ‘- '.- - T - - .- » £ .-" N - . :
Fiagetian - wultiplicative composition investigations are

Lovell;'mitcheil- and .Everett '(1952),-'35usoﬁ '(1969) " and

4«"\

.

e

has no idea of cross~c1a551flcat10n. A Stage CIII -re%pousef
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L A
“Lovell, et al (1962) used the rabbits Situation

¥
v

which they presented to ten children at each age leyel, five
. to ten years. The number of successful subjects,-gradually

1increased from» 0 at age five to 9 at age ten. . For theﬂage

1.

groups in between, the Stage TIIT -children- numbered two,ﬁ

} ~ i
five, ten and eight respecti?ely. ' Thus three out of. 20

~

children eight or clder were still not operational ot
3 LS.

D . : . I BN

: - 1
v - . a re . iy
‘I" .“’ Y

In this particular research study, Lovell and his

»

Gen}xvén %chcol, found an ‘se in general operational

mobility between seven and eight years‘ef age, across a wide

: range of classif;catory skills. L | . L

b ' : g} : :
] . .-7“,. - | L} "
S

' Rawson (1969) also administered a large battery of

tests of cognition to 1C0 Grade four subjects with af mean
) ‘ ‘ !',:\ ) h :
-age of P 8  years. Included . was the multiplicative
o ’ T -

cqmposition task Iinvolving squares 'andf Circles cdin two
' coIours. ~sixty-four "of  the children were categorized as -
. ,

operational, leaVing 36 per cent of the sampie at Stage II

pswe W"“ ) - ¢

-

A cross multiplication test u51ng coloured shapes

»

-

. B
and people was presented to small numbers of children at

o

«

three age groups ky Sheppard (197ﬂ) who found that“ two out.

&

&

l‘ wo,.’ a=5001ates adminiStered a: lar e . '*tery “of “?1aget1an
N o . .ﬁ .',. .":’
ﬁcl‘&ss.lficaticn te&ts to the - e hiNren anq, I’J.ke : the« g

3
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s

- of ,7 *six year clds were successful thle 1 elght year old

w - . 1. \

")' ‘4 : v
»and 1 tén’' year old»were not yet operatﬁbnal '

B . 2 . o ) v ey ‘y & v. | : ‘ )
S fa: . S e oo ‘wm’ ; W . - .
. , . . & Hai e o .

. "oom g“‘v . .
§gggg£y As with conservatlon of number and
. Ty , “ e La @ L ‘ '
area, the 'studﬁ€§€~réblicating ggaget's research on the
[t ' b.". ! N % ." .

additive and- multiplicative: comp051tlon~ oﬁu classes - haved

Rt

Ry R ;-'3 S
¢ qﬁtalnlng cperatlonal wthlnkhng.' h!etﬂ‘ there is general

.n"' - ! : ’ L2
w 'CCnflrmatlon"of Plaget1s stages im . the. developmg%t o
B 6,.(,;‘ “ ¥ L » ) .;’%* ! L. .
P class1flcatory Skllls. R o ..
S . ) : e
" to ) . . ~: o \..,._ o ! 4 o

e L T N Ce ) RS
- e gﬁhTTERN'KND MATHEMATICAL”ABILITY ‘

PR : .
. B . . .

Ta (s A . . . . : B .
. : v P & L K . . K -, ey - .
e ‘ A ; oW R , .
) . g Nr et S R . . . -

i K . Iy J . ‘, . . . , . . .
’

' Thﬁ ex1stence of ?aﬁspecial capac1ty ‘or faculty

underlying mathematlcal ablllty dlstlnct from and with nb

i

T : y .v | : 73

eesentlally close‘” connectlon _ wlth other Q forms , of‘

M}‘

ey T e
1ntellectua1 capac1ty (Brown, 1913, p.26)'". has 1nterested

£ . . x ’

decades the -ev1dence was not dec151ve, especially as

Spearman,fvhc helred to develop factor analysis,' supportedﬂ

the pramacy of generar 1ntelllgencé whlle Thurstone (1938)

f .. \)

LY

.f”gaa?@gryl abllltIeS- One 'of these was Factor I (1nduct10n)
¥ ) S S '

-

) S N
researchers elnce the turn of the century.. 1In the early'

. 1dent1f1ed a.: serles of dlstlnct multmple factors known as

whlch ‘was hlghly loaded by the Number Serles and Pattern,

’ An%logles tects. Nevertheless, in recent years, there seems'

Svim. - to;be widespread .acceptancg of the group factors V (verbal){

] - -
KRN . w0

PR ’ ' Y 9

¢
.

produced ’wldely differin » data, ouﬁ@the agesfof.subjects
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K

K ¢ patial) and N (numerlcal) and the general
vérbal Vlntelligence), residual after 1nnate\gene

h!s been remcved 'statlstlcally fr%m verbal spatlal and

PO P

. F 8? - . ’
rs {h Atlantlc ‘have come to agree that an 1ndependent

ractor 1nd1cat1ng mathematlcal ablllty does exist, thouip
.3 I’4 _9" L K " ] )
1ts status relevant to -the general factor ¢ i% still. a
\ ‘?.:. o . ’., . ., 5 ',5“ . . - \"
‘jgz‘ T sgurce of dlscussion..v‘g).,_ 1"'« 4 ' o
C v‘:: A ERAE- A : g o :

. . . .o - . :
R e & : i . .
“ 3 : ; ! - . -~ . ERSE -
wea, . L , ' BT B L . . '

®o e, I

AEeta e oo f . Interest in. mathematlcal ablllty as a“group“factor

DA._V.."' ey

w7

Ml

ﬁ methodologlcal prcblem seems to be the design of tests whlch

Valldly meacdf%~mathemat3cal ablllty. S o :-

'@;
.;Teachersfof Mathematics, Hamley (193&) advocated that the

v )

‘fUnctionality,:with'its foar~ maln Aelements being class,

. order,} vaniable and correspondence. Class and order are

’

! . 'bra51c to any pattern, whether 1t be spatlal or numerlcalﬁ
AvHamley believed that f R . N
mathematical ablllty "is probably a com ound Oof

L ~9general intelligence, vispa
perceive ' number “and  space conflguratlons and to

S ‘ '~ ‘retain such -conflguratlons -a8s mental patterns "\

(1935, g.28).

N . Ay
Ftor G (nmoa- -

1 ability

numerfcal abllltles. Furthermore, researchers on both 31des'

has ‘oW turned‘to the analyéls:%f its ' cOmponents, one .of"

g Y 2,
£ . NI .

. ;. ~,f¢ : whrch appears to he closely connected to thexgocal toplc of

fth presen+ study,"th pattern Process, The evas1ve‘

In the‘Ninth Yearbook of the Natlonal Counc1l for o

_ ‘ - v N
" central theme  in mathematics edUcation should be

lmagery, ability o e

o

“,
et



: o . JﬂSltchell (1Q38) llsted seven proce ses whlch mlght
. i .3.3.
) " be expected to make up mathemat1cal ablllty cla551f1cat10n,

abstractlon, _ablllty to understand "and 'use symbols and

.3

: yords, orderlng, correspondence, operatlons in 1magery and
.,uaf deduction - or lnference, most of whlch are embodied . in the

km‘tl ) . . _ )
W fattern process. In’His factor analysls' study, Mltchell

~—.

CIaimed toj‘have"lsolated an 'Drdering facter beyond the .,

T e

‘predomlnant G factor.

W .

o St s

o Barakat s (1951) “in depth study of “mathématlcal

o

‘ait‘tabilgties ylelded a mdihematlcal factor which: he malntalng&

.

';‘could"be subd1v1ded 1nto tdo', components, mechanlcad

arithmetic whlch 1s assoc1ated w1th memory, and mathematlcal

. ‘b\,g
ey work which is closéiy related to the manlpulatlon ‘0f schemesy

and/ relatlons. The 1atter component would<encompass tﬁe

~

‘ .
pattggp:process. o

Barakat‘s research was pursued by ergley (1958,
“\1963) whose results conflrmed the usually accepted v1ew that

_ablllty iQ, mathematlcs is closely connected w1th general

_1ntellect1Ve capac1ty ' HiSu.evidence;'also 'supported ‘the

contentlon that '"apartb from xthelcinfluence of general
ability, «mathematlcal abiiity*’and ‘verbél ablllty " are .
’ 1ndependent (1958 p 75) . He concluded that a math@matlcal

a ' *
. )

™ ‘group factor ex1sts hav1ng some relatlon through geometry to_,
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. o
- v ank .
0 A X
e LU iad
¥ .

"t oA ‘t the_~spatia1 factor, but separate from _the number factor,

| . o I o qe -k

*:
- v
™

1nvolv1ng "the apPllcatlon of a- set 6'-f335wly nStereotYPed' ‘

“t les” (Verncn, 1850, p. u3),' and def" speed tests of'
-« simple computatione Accordlng to ergley (1963), "Sklll in
v . . .

computation has 11+tle ria?tlonshlp to true mathematlcal

P

ability (p.u8).n" Unfog;unately, Wrigley did not attempt to

analyse the components .of the mathematical factor any :?

//?zzther.' I N : ' ’ ' N
V4 . ) o e . . | e . h
. — " 'In a recent survey on. . the _ hereﬂ!tary and
. .- . ; ' . ‘

'env1ronmenta1{components of quantltatlve reasonlng, Staffordr'

: A

(1972) dellnélted three components.of mathematlcal ablllty~”
. . B 4
’ The flrct is Marithmetic knowledge,, uhxch is »
ba51cally the degree of achievement . e
.Oor sophist- ication in mathematics. " The second is
""numerical atility," . which is_basically skill in .
computational operations; sand  the third is
, - "quarntitative reasonlng,"_a verbal problem—Solving
r -_.3\/ ablilty (p 183). . e o
\ . ‘—-‘,; ) . : . C ; .
co ThlS ~scheme' ténds nr only to 1gnote the general factor Gf

but also to exclude the pattern process w1th its emphasis on

\

-
’

non-verbal claeses, order~and relatlons. lHoweJer;-'lf the = -
o . o A V4

*rev;eter' h'ad extended hls anaiysis, both the G factor and

-, the" pattern proc-ss may have appeared “in e mcre .detalled1

b structure. ' - .' ) i;. vf; - VA? : .
_ _ ' .1‘0 , | .
S L Lo L o AT R
On, the whole,‘lthere'seemebto be a case to.clainm
g e ‘ -
that the péttern process _does have Aconnections LJith the .

[

"mathematlcal ab111ty factor. R ;

Lo . B e
. ~

-, -

EY



, . CONCLUSION
! ° - ! ! . . ‘ ’ K B ‘
A o ) _ ) ) ‘;.!c, . .“)’ e
i . " In this chapter the presea state of knowledge on
- the pattern process ha's been summarlzed. /Researchets'dlre
gradually dgyeloplng symbollc representatlons, descrlptlve
e ‘ vocabufary,-ieve s‘of dlfflculty among and wlthln tasks,

. e
'Strategies' of sclutlon and categorlzatlon 'bf errors aS’,

b
"

'1nd1cators of sub]ects' thlnklng processes. The" classes,

g

relaﬁaons 1nhenent i the pattern process - are

.lass1f1catlcn _ where . 1nv¢r1ance and rever51b111ty age -

Sary
\\gomplementary facets of the loglcal thought of tpe' matungng '

child. : i
5 ' o,
. - o X i
» _ ‘ : . o L
I+{. _i&generally conceded thé% classes, order and
) v R @ -
L relatlons are the bases of mathematlcs. Hence competency in .
L handllng them 1n the dynamlc pattern process seems”l c&@seé¥
.« - ' . g - “e s .
4 ’llnked to the development of ma¢hemat1cal ablllty._ "For what
Lo € Q! . o
L ‘1 mathemat1cs¥but a. way of thought((Hull, 1 70)?\\ Q? Jt‘Y¥? .
?&0 T S o A
) ., 7 ‘ ' ' -’... . ’ ’ ! 1 ) t: .| . .,‘.; ? ‘. » N
Py, Y , ' . . S Lo "“9‘ » R
- ° SN, ’ 13 . ' . : -
; [ ,

': leoted %&the Blagetlan ‘pemcepts of conservatlon %gd» “42

e
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'.thls research progect. The tasks ‘selected

a

CHAPTER III

. \*c“INSTRUMENThinN ng;xcn OF THE

e .. INSTRUMENTATION
‘ tq"exdmihe Grade
‘!&“ .
A

\

‘the conservqtlon “and .classiﬁicétion

' N - ‘7: A, S . . N B
' subjects'uere'deri%ﬁﬁ?&rom research reports

. [

. ( ) " ’ ‘/{J) .‘.‘. < -
Piaget and {hls assoc1ates. Number knowledge and colour

ey

; _}.“ v
oo

«rm -

>

three cplldren sv

STUDY fg
TR

AND ANAL'YSIS OF THE INSTRUHENTS ’

,

,hy of 20 tasﬁs, set out in: Table 1

L l,pns‘.

abilities

u .o

o

of

e

Ay

ng Test qgs constructed for usemln

to 1ﬁvestigatr

" the.

publlshed by

bl

discriminaticn were tested by 51mp1e measures -
) — R g : ) L
standardized.«atésts were used to determlne levels“ of
.mathgﬁatlcs achlevement and 1nte111gence.-. - '
SR
.. T Lo . 4 a LA ‘.
g ST, -5 ' e . B o
, o~ A= Q ary oﬁ the 1nstrumentatlon is 'presented- in
' o ) . PR K- o
Table'd. ! 4 "'."“i‘ T | R
o e ' . s : o - Ve
0 ' 1 ¢ “ -' . - g')‘. ) ‘ ".
Ao CNew LRI ]
af ‘ ! I : KAOm l /’ ﬂq’ ;
. . ‘ . E | W‘ £
o . A \‘ " v'\ ‘ -
} . o
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uh%legﬁ
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EQJ;.?,
ﬁilqﬁ R 7.- M
‘-*‘.block@‘ geometrlﬁtbfhear, geometrlc matrix,'n

b

In';tﬁis section, the deSdgﬁ,

LI

R

»

-d

Qatternlprgcess;ng»Test

scoring. of each of. the*20 pattern tasks\

ooy . 4.

»© " The

aq@ numer;cal matr&x.

detalléd descrlptlon of the complete Pattérn

.

-

.'_ dlscussed. A
' @ >
i ;Droce551ng Test lS located ‘in. Aﬁpend A.

Fattern :Processing Test -

a

’ m

.-

Bxcept for the generate task, each of

‘the other four %acks wrthln a block HS% a’ 51m11ar format and

B

&

gpthough sllghtf

- . H"

H

VarlatIODSw are

mlnlmlze' the practlce effect that'may

. <

1ncorpjra

f:the_ same general ba51s Hlth regard to the 1nd1v1dual 1tems,

L. .

.~ \ . X
i e e © 79 :
‘,7 ,
4 .
} , a
m, @ . -
admlnlstratlon and, -
) w
are outllned “aqd L
‘.‘ c
» iy "
. - . } o .
falg‘ into - l-fyo}‘ur) ,
. ,’g [ "'f »: ..
u ical linéar. X
" "/,
2 \"
ted ,iﬁ“lorder“'eo 777777 co

o '1dent1cal sets of 1tems. Any commonal ty wlthln 'a block

.Hlll be dlcchssed flrst followed by the detalls peﬁullar to

the 1nd1v1dual

~ »

.o

. o " The
) " L. & .

N

At

: _ [
,_'Q_Aremalned cI%@n and attractlve thoughout the tesblng program.~

admlnlstratlon.

taeks.‘ Cohgonalltles from,

stlmulus materials'

oyl

1

wlll be noted as the§°argse.cfio

L8 /

Multlple c0p1es of the/16 ta;

block of”

g SR
~generate task were draun, reproduced and colour :

block

!.

- group

rblse,,,f%om the use ofmw

v
i \

snwith‘pfes 't

o .Each Lsubgect recorded hlsépresponseg; on_ the.blaék paper
, - T o / N

N
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-

each  tasky—"~the subjects were shown examples. of the

Sewe .
(1958) .

~orientation rroblems devised by Holland (Klahr, 1974) and

‘ ' , 80
provided for each task sébatately, except for t he nUmeriCal‘
- ‘

matrix tasks, ' for which the,subject recorded his responses

in the spaceé'pfovidéd on the task sheets.

.1
I

As an introduction to the testing proéedure of

s >

1 [N

particular §ct$uity involved. - _Tge éxplénations vere

Tepeated as necessary untj it was considered that each

subject underétood ‘what +it fas he was supposed taq do. a

’f_impqrtancé according to Wepman

pretest training policy
B . bo)

4
-

The maximum score for ea¢h task is 'ten. . The

details of the scoring -procedures are explained'task by

~task. For the purposes of this study, a response is

consideqed correct when it is _accepted as such on the
consensus of three judges, the investigatdrv énd two other

mathematics educators.

Geometric:Lipear L. ' ' - ,

N -1 b

Within each of the geometric tasks, both linear
and,matrix; the items and their order of. difficulty were

determin€éd according to the 24-item test series of colour

v

reported by Klahr and Wallace (1970). In the original

a

L4 .
*

$
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.

series there were four colours and four orientations of a

N -

set of congruent shapes. For the purposes of the pfesent
study, the positions of the orientation variable were
transformed into simple shapes "~ such as squafe, triangle,

circIé,\diaménd, cblong, hill, uéége and ellipse with a

‘maximum of - four shapes. in any one iten. Pattern

fescriptions of the 24 items in the Holland test-series in

terts of colour and shape can be found in Appendix B.

a

-':3 Jhé tgn .iteps in each of the geometric liﬂear
tasks,;exéept the generate task, were dévised‘ accordiﬁé to
T | . . /
the verbal pattern descggptions set.qut in Table 5. The tén
patterns. were selected from the 24 iﬁ the Holland séries}

with the samé order beinag maintained.

\
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TABLE 5

GEOMETRIC LINEAR PATTERN DESCRIPTIONS

___.-_-...___—.-_-_....._._—____...-____..._—_.-—_.--__—.—-.__-_-_--_—_.—_—_—_—

L} ]
#1 Two:-elements alternating (same shqpc.rsame colour)
2 Two alternatin%'shagg-pai;s*
two colours alterna 1ng.51ngiy .- a
#3 One shape alternatihg with a shape-pair
(same shape, same co6lour) o .
2y Two shape-pairs alternating
(same shape, same colour)
#5  Two shapes alternating singly,
: two colours alternating in pairs
#6J’ Two elements (same shape, same colour)
‘ + alternating about a constant element ¥
#7 ~°  Two shapes.alternating in threes,
' two colours alternating singly
#8 Two £ha €-pairs in two colours
(same s ape, same colour)
alternating about one shape ,
“alternating in the same two colours
#9 Two shapes alfernaping singly,
‘three colours cycling -
. AR <, P iadl »
#10 - Two 'shapes alterhating singqly, XN

three colcurs cycling. : Sy

*Two elements bf'the‘same shape

B+ == = ===
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Ttems #1 to #5 are each six elements 1long.

Because of the increase in the perlod of the patterh§
involved, itens #€, #7 and #8 Aprov1de ‘nine elements.. In

items #9 and #10, the element to be supplled by the subject
* Y

is not already present and-- nust ‘be inferred from the

informationlgiven in five elements. \'

. <)

. A Geohetric: Linear: Interpolabe LG'L'I] In this

task, the «child is requ1red ta flna the m1551ng elementA

1nd1cated by an asterlsk No gap appears in elther of

€nd positions

The ten items in the  G:L:I task vere prepared

accordlng to the pattern descrlptlons set out in ‘Table 5.
ira

~ With the followlng modifications.. The gaps in iteams #1 #2,

t

#6 and #7 are towards the rlght hand end; in 1tems #3, #8

and *16 towards ‘the left hand end° and 1n items #4, #5 angd

#9 in the migdle. - e T '

The ~score is  the total number of correct
responses,
. ? ’

Bs Geometr1C° Llnear- Contlnue [ sL: _J In thlS

- ¥

task, the ch11d is - requlred to continue each pattern to the

right. He records the next two elements on the blank paper

&,

Placed on the right of his task card.

“~ . >

N
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+

The ten ftems of the G:L:C task were prepared
according to the. pattern descriptions set. out * in ‘Table 5,

vith the fcllowing " modifications. Itenm #4, which'has_the

/

same.pattern as #3, finishes with an incomplete period. ‘ Inp

‘item - #7, the cclours as well as the shapes alternate in

-threes.
" The score is the total number of correct responses
' @ e
each of which con=1sts of two .elements in the rlght order.

C. _Gegmetric; Linear: Reverse [G:L:E] In this

‘task, the ’child is required to continue the pattern to the
left. He records the next two elements on the ‘blank paper
placed on the left of hls task card In the explanatlon of.
the act1v1ty 1nvolved in rever51ng, the orderlzof ,the two -

'

elements to he recorded was emphas1zed . 5-‘ : |
The ten items of the G L:R task were prepared
-accordlng to the pattern descrlptlons set out in Table 5,
except : that the. patterns of items  #7 -and #8° were
interchanged.
The 'Score is the total number of correct responses
each of which conelsts of two elements 1n the rlght order.

o g ;‘4 \;\ C
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1

Pl

-

task,  the child i€ required to continue the pattern to the
right. . He selects his response to. each item from four

choices "of two. elements each, Only the particular shapes

and colours present in thg information given are used in the

~ “\ . ..
. ®

choices.

[ 4

The ten items of the G:L:S task were prepared

”acoordinq to the rattern descriptions set out in Table S.

e
. B} o

The distractors include the first pair on- the left

and its reverse, ond‘-thev last pair on theitight and its

reverse, where these do not involve repetition. Where:

necéssary, a  pair of shapes from within the given pattern

are'éolou§ed_differentiy to provide alternate dgstractors.‘

"The'sco:e is ‘the total nuaber of vorrect choices.

"

" B. _Geometric: Linear: Generaté fG:L:G] I this4

'taSk, the child is requlred.to wake four geometrlc 11near

patterns of his own choxce, hsing ‘squares, circles and
triangles- in four »colours.l 'The fghlld places cardboard

shapes on a prepared card which 'provideq seven cells for

- €ach :Iinear péttern. Subsequently,-each childt's patterns‘

are photogranhed on 35mm colour film as avpermanent record.

85

D, . Geowétricg Linear; Select [G:L:S) 1In this.
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< ' .
'and one point for a pattern in the

(
.

cclours.  The remaining two points are allocated for

" For each seiuence, the child earns one.,point for a

pattern in the shépes

‘complexity beyond‘theylevel of aitérnating shg#es and/or

éologts, or reflection around the middle element.

.

Geometric: Matrix _ S .

The design of  the geometric tasks, except the

generate task, was based on Holland's test series of linear
. : : 1 .. R
patterns. However, the matrix form involves coordinated

sets of linear Sequences, not just a number of independent

- linear sequences; . The  need fdf the patterns to fit bot&=

ﬁays increases the coﬁplexity .of'_the relations and’ also.

53 v
¥ op

requires- that.‘theq pattefﬁf-desctipfions ~account for the.

vertical as well as the hbrizphta},arrangen?nt.
- (AN
) . L . [ i) e f\

<V 4
35 . »

.." The order of 'diﬁgiéulﬁﬁ a?z;i{/gffects the
compiexity of ‘thg_patferns. The len%}h he period is a.

$\E&fficulty factor in jlipeér,ipéttegns but a different'
. & o & ,

'~ 'situation exists for matrix ta%ks.‘\;n'a four by four matrix
. ~ . .

there are 16 elements already; therefore,‘if‘fhe size of the

i
«

matrix is to be kept ,within reasonable limits, the
& i :

complexity of the relations,bg&omesi&hé important difficulty

factor.

3

LINET™
.

—
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F. AGegggtric: Matrix: Ipterpolate [G;M:1] ' The
format for this task is a four by four mafrix from which the
middle four cells have been removed. The childvis required
tc supply the missing eieﬁgnts s0 that there ié a’ pattern

»
i

going both ways.

1

The five items in the G:H:iktask vere prepared

'according to the following pattern descriptions: _ v
#1 Twc elements alterpatihg (same shape,fsame colour)
#2 Two shage—pairs alternating horizontally,

///“ (same shape, same colour)

#3 fﬁo shapes glt%rnating, four colours
~cycling horizontally and .
‘alternating in pairs vertically

. N
U Two shaEe-pairs alternating vertically,
. four'.cclours cyeling horizontally
® and alternating in paiff,vertically

#5 One shépe,altérnating with two shapes -
horizontally and vertically, four colours =
cycling vertically and alternating horizontally

X .
97 .
paper placed under each of the task cards,

3 Within “ each item, the child earns a point if the
cclour in all cells is correct and a point if the shape in
T T

all cells is ccrrect. The score is the total nﬁmber of
s ' , o . ,

K

. peints, _ . e

3
8

b .

AR |

A

The child records his responses on a sheet of
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G. _Geometric: Matrix: Contiggg_Lgi_igJ In this
task, the child is required t6 supply the next element
folﬁpwing each cell on the right and along fhevéntto cef 4
féur by four matrix so that the.pﬁtterq goes bbth‘w S.

The five items in the G:M:C task were prepared

acbordin§ to the following pattern descriptions:

41 . Twc elements alternating (same shape, same colour)

#2 Twc shape-pairs altefnating horizontally,
two cclours alternating ‘

four: colours

43 Two shapes alternating,
alternating in pairs horizontally
o ) e e -
-#U Two shafe-pairs alternating-vertically,
four colours cycling horizontally,

and alternating in pairs vertically

#c ‘ One shape alternating vith two shapes
horizontally and vertically, four colours

cycling Vertically and alternating horizontally

/

Y

Each vertical or horizontal line of four correct

responses earns one point. The sCore»is the total ndmber;of
points.

[
.

H. Géoggtric: Matrix: Reverse [G:M:R) In this
task, the child is required to supély the next element
fcllowing each cell on the left and along the top of a four

by four matrix, so that a pattern goes both vays.

v
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? The five items of the G:M:R task were prepared

according to the following pattern descriptions:

#1 "Two shapes and two colours‘alternating in pairs

#2 Two shape-pairs alternating,
two colours alternating

%3 Three shapes cycllng vertically and ho zontally,
: two cclours cyclingin pairs, Sseparate

two other colours alternatlng

#4 . TWwo pairs of shapes alternating,
. one ape retaining one colbur, ' !

the other three colours cycling

#5 Similar to #4 wi;hfﬂifferent'shapes and colours

'

“

Each hcrizontal or vertical line of four correct .

) . Y ' .
responses earns one point. The score is the total number of
Foints. .

.

, 1. _Geometrilc: Matrix: Select [G:M;S] In "this

Y e

task, ' €hé ’child- isf required ' to coifinue the pattern one
element in each cell to the right and along the bottom of a
four by four matrix. He selects the respouses from fourj
choices which use only the .particular shapes and coloursu

present in the information given.

The fire items of the G:M:S task were prepared

according to the follouang pattern descr1pt10n5°

#1 " Two elements alternating (sane'shape, same colour)

-

\



#2 ' ,Two Whkdpair's lternating, two colours .
X ‘ :%t£m pairs
- Y - R _
#3 T No shapéfﬁﬁirs alternating,
tvo colouirs alternating singly

“ . .
#4, T;o shapes alternating, four colours cyclfng
vertically and horizontally ;
. !
#5 Three shapes cycling vertically and horizontally,
.o , “"three colours: cycling horizontally, with two

colours cycling in pairs separated by two other
colcurs alternating 0 '

The diétractors-include the first element and the

" last element of the particular row or column being extended,

e

and either the first or last shape in another colour. Wwhere

necessary, the remaining choices are elements ' from the

' Lo
particular recw or column.

]

t

. Each vertical orThOtizontal line of four . cdorrect
. ) . {

'},;esponses earns one point. The score is the total’ number of

¥

-, " Fcints.

{

Jd. _Geometric: Matrix: Gemerate [G:M:6] In this

\iiix{ the child is required to make two matrix patterns of

his own choice, using squares, circles and triangles in four
cclours. “ihe child - places the cardbbard.shapeswforjéaéh::‘
pattefn on a prepared card beafing'a fiié by _fivé‘ matrix
diagram, .Subsegueptly, veach ‘chi}d‘s éatterns .are

photographed 6n 3%mm colour film as a permanent record.
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. <
The scorlng procedure takes lnto account the three

transformat;cns.of reflect1on, translation and rota€§o:.

For each of the two matrix’patterns, two points are -earned .

if there.ls a pattern in elther the shape or qolour, in the

horlzqntal or vertical dlrectlons. If there is only one

detrimental element, one point is earned The remalnlng two

p01nts for €ach matrix are allocated for complexity’ in the

\ . -

form of three or more shapes or colours. The score is half,

the number of points.

Numerical: linear

4
. .
-

In order to establlsh\frgét of numerical sequences
uith an order’ of d1ff1culty, pattern descrlptlons were

prepared of the' items in the number series sectlons of the

following tests: SRA's Short Test _of Educa

ati
the gglgann;ggdeison Test, the Califbrnig Sho t_fogﬁ Test of

Mental Maturity, the Laycock ﬂeg&é;_nbility‘Te st, th Terman

Group Tgst of Uenggg;ébilitg‘ _and ‘Cattell's Culture Fair

.

As a result of meshing the‘descriptions, * set ;of

-

.numerical ‘relaticns wlth - an order of dlfflculty emerged

though many more detalls would need to be considered before
=

a precise order of difficulty ceuld be claimed. The pattern

types formulated are set out in Table 6. It may be noted

.
~

~
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~that in thls study the term "multlple," though technlcally»
1naCCurate,' has been' rétalned wvhen constant addends occur
trom a non—éero orlgln in order to - emphasizé - the
commonalities between the two patrern types.

Ancther ternm, "addend," is ‘given . a épécific

o 1

meaning within this Study‘ It refers to. the number which is

bi}ng added to the prev1ous element of a sequence.

. v
~ \ . . . o . ot R
' ‘.



. TABLE 6 ®
N
1
}
. 1]
NUMERICAL LINEAR PATTERN TYPE_fS
:::::::::::::::::=============‘========================”=~_—f_====
o ‘ ¥
+#1 +  Forwards and backwards by 1s..
v L " , ‘
$2 Multiples oﬁ 2, 3, 4, 5, and 10 o -
o a. forwards _
k. backwards
c. -about a constant -
#3 ' 'Multiples of 2, 3,.u, 5, and 10 from non+zero
. a. forwards ' ,
k. backwards
c. about a constant
#4  Alternating addends of 1 to 3.
#5 "Triads“of consecutive numbers
' a. constant addend between triads
" k. abdbut a constant R
46~ Multiples of 6, 7, 8 and 9
. - a. forwards
k. backwards
c. about a constant
7 "qg;tiples'of 6, 7, '8 and 9 from.non-zero
“"a. forwards ' , R '
k. backwards ) : AT S
¢ c. ‘abcut-.a constant S ‘
#8 Alternating sequences L ' .
#9 °  Increasing addends and differences
,‘\\” . . © Y ] . ) o :
#10 - ' Decreasing addends ‘and differences
#11 . Alternating multiples
#12 Doubling : A ;
;o o g R BN
#13° . Addend of 1 to 3 coupled with doubling
. #14 - ¢-Halving '”f

R R N N T o N T o o o I T o o o o o T o T o o e oo ot o o e e o o o e i e e o e e e o e e e e e e e e
e e R e s S+ T T ¥ 5]
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The ten items in each of the numerical linear

tasks, except the generate‘task, vere drawn from this set
with the same general order being méintained, The six
numerals of each sequence were written in one of four

N

colQurs on two sheets of yellow paper which 'were then

-attached to the front and back ef 12cm by 22cm task cards

and laminated.

e
4

o

. Numerical: ﬁ?near: Intefb&;éte [N:L:I] In this

task, "the child is requlred to flnd fo? each sequence the
missing element indicated by a hole in the task card. . The

child's respcnse is written onr a piecé of paper placed under
. )

_the task card.ﬂ:The gaps'vqry between the second and fifth

| .
Fositions.

[

.The tend items in the N:L:I task'were drawn froi

~the pattern gypee set out in- Table 6 and. their pattern

descriptions follow below. The bracketed'numeral indicates

the’ 1n1t1a1 condltlon or startlng point of thersequenc%A

o\ &
- ?

#1 Backwardc by 1 [1U]
2 ‘Multiples of 3 (3] :
#3 Multiples of 5, non-zero (3]

Alternating addends of 1 and 2 [5]

?f%ﬁ. Jﬂultiples oft6; backwards [36]
#6 Alternatlng multlples of 4 and 3 [u, 3]
#7 'Increa51ng addends (3] :
ﬁm . ’
TR

-
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: i -
- #8 Multiples of 4, backwards, hon-zero [23)
#9 Decreasing differences [26, 203 ‘
v /]
$10 Doutling [1) ~ ‘

\‘.

e

The score is  the total number of correct

responses.

-The ten items of the N:L:C'task'were drawn frong

the pattern types set out in Table 6 and their patterp

°

' descriptions follownbelow. The bracietedknumeral indicates

the initial condition or starting Point. of the sequence.

2 Multiples of 5 [207 :
#2 o qutiples of 2, backwards, non-zero'[21]> i
#3 Multiples of 6 [6]
au\ , Alternating addends;of 1 and 2 L2j" ' -
*5 °  Hiltiplec of foué,'baékuards [36]
;6  Alternating addends of 1 and.3 [4] :‘ \ e
#7 -}. vIncreﬁsing addends [23 " :
#8 lﬂuitiples"of 5, pa§kwafdé, no;izéio [47] -

#9 . » Altefnating ﬁuitiples of 3 and 4 (3, 4]

+
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410 Doukling (11

Nﬁﬁ;gggg;: Linear: Reverse [N:L:R] In ,Jthis
task, the child is required to continue the pattern to the
left. He records the next two elements on a plece of paper

placed to the left of his task card.

The ten itenms of the N:L:R task were drawn from

hi . v
the numerical pattern types set out in " Table 6 and their

pattern 'deccriptions-'follow below.. The bracketed numeral

1nd1cates the 1n1t1a1 condltlon or starting point of the

<
<

sequence.

5*\;“\*“4. -
| y
%1 "Mpltipleé of 2 (8] : : A AN
92 fultiples of 10 1403 o E
#3 b Multiples of 4, non-zero [13] (?/'
- #y AAlternatlng addends of 1 ani 2 [7)
_#5_-“ Multiples of 3, backwards [24]
#6 Alternat;ng multlples of ‘10 and 2 [80 12]
%7 | R Decreasing dlfferences [20 15)
#8 : uultlples of 6, backwards, non-zero. [35]
#9 ,-_Alternat;n Multl les of 6 and 4,
Backwarde 18 5 .

#10 Doubling [161;



i
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. #¥3 'Trlads, subtractlng 3 [18]

" In the explanatlon of\ the activity involved in

rever51b11;ty, the order of the two lements to be recorded

was emphasized.

The score.is the total number--Of cor —Tesponses’

€ach of which consists of two elements in the riyht order.

_—l mmensnsxgl

N. Numer;calL_L;gggr:‘Seleq} L[N;L:S] In this -

task, the chi ld 1s-requ1red to continue the partern to- the

!

right. He selects 'his response to each itenm from four

P

choices.

The ten 1tems of the N: L:s task vere dravn _from.

S

the ndmerlcal pattern‘ types listed. ih*xgable 6. Their

: . . _ _ ~
pattern descripticns are sSet. out below, The-. bracketed

'numerals {udlcate the 1n1t1al condltlon or startlng poznt of

the sequence. o fdﬂ . o : -
Multiples of 11 [1'.-1:'}"“‘)
'uultlplee of 6 (12"

)

sy Multlples of 5. non-zero, alternatlng
vith a constant [u

#5 Multlple £ 3, non-zero [2]

S .
16 "Backwards by 1s [9], forwards by 1s [1],
. separated by a cons ant [8]
+7 'Alternatlng addends of 2 and 3 (4]

#8d‘_‘~Hu1t1p1es of 9, backuards, non-zero [66]

‘o
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#9 Increasing addends [8, 10)
_#10  addend of ¥, then double
The distractors include the numbers after .and

before the final elemént, the~decade number"after'the‘ final

or penultimate

€lement, and a multiple associated with the:

final or the penultlmate element,

task, the

‘gygéggi_alz;Lineg;- Generate [N: L,gj thls

child 1s requlred to make five numerlcal linear

patterns 6? hlS own choice. He writes at least six elenents

of each sequence cn a blank p1ece of paper.a_.V

ki

: In the °cor1ng procedure, -the tuo' p01nts‘ allowed

for each of the flve llnear patterns are. allocated accordlng

to the follcu1ng echeme~

0 points:

1 point:

,Squence of multlples vhlch vould orlglnage

repeated sequence
Attempt but i. no pattern obvious

ii. 1nsuff1c1ent 1nformatlon.
Net - attempted -

o

0dd numbers

The relatlonship(s) 1n one bomplex sequence

‘repeated in another sequence, for example,

1, 2, 4, 5.7 8
3, 4,6, 7,9, 10

s

L P

»
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d. Visual patterns .
€. Incomplete complex patterns

\

N

2 points: a. A complex sequence: for example,
- - rultiples not originating at 0 -

E. Alternating sequences.

b

Nuperical: Matrix

The,_deéign of all the numerical matrix tasks, :-

éxcept-the géng;até taé}c,~ wasitdrawn from the numerical
pattérn tYPeS éét'.out in Tabl¥e 6. As with the gedmetric
mafrixvtasks, the need for the patterhs to ,fi£< both ways
igcreases thé cﬁqplexify. of the ptoblens; . The child's
:;sponSes‘in'each'of the first fonr>nume;ica1 'nétrix}'taéks

i

are written directly on the task sheet.:

i

- B, _Numerical; Matrix; Interpolate [N;M;I] In each
task, the child is required,tozfill~four gaps in a three by.
'three‘mat:ix;s In-eéch of _the itenms, iheitop left hand -and _

A ‘ o _
- bottom right hand elements are given, vhile the blank cells
vary in posifion; thereby adding a diffichlty diuensidh.'

The pattern descriptions are’listed below.

.tlnitial' _ e . v ) ]
Conditicn. .. .. Harizontal T Vertical
-;#1 o2 . Hﬁltipies of 2 HMultiples of 2
#2 . 5 Hultipiés of 5 . -Hultiple%iif~§/
oo _ - : . ' non-zero



three by three matrix so that the patte:n\gzjijqth vays.

100

43 10,. . Multiples of 10 Multiples of 3,
' , , o non-zero -
w4 .20 . Multiples of 3 Multiples.of 2,
’ Co ' - backwards
#5 R . Multiples of 3, Multiples of 5,

non-zero non-zero

By *Top left hand cell

In each item, a child scores two points if the
four elements are correct, and one point  if two or: three
elements are correct. The score .is the total number of

points.

A Q. _Numerical:; Matrix; Continue [N;M: H Cl] Inm this
N )
task, the «child is required to . supply the next element

following each cell on the right‘and along the bottom of a

J

'

The five items of the NzM: c task were drawn from

the rumerical pattern types set out in- Table 6  and " are

rresented below.

*Initial

Conditicn - Horizontal . - Vertical
#1 2 Multiples of 2 _ FPorwards by 1s
#2 6 - : Hultipleélpf 6 Multiples of u,\

non-zero



Huitiples
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#3 23 Multiples of 4, of 4,
non-zero non-zero,
: backwards
#4 . 56 Multiples of 3, Multiples of 4,
‘ non-zero, non-zero,
backwards backwards
#5 3 Forwards by 1s 'Doubling

*Top left hand cell

o=

Each vertical and horizontal line of four correct

§
responses earns one point. The score is thew;ntal number of

points.

R, Nugggiéal;»ngtrix: Reverse [ N:M:R] In | this
task, the  child is required to ~su§ply the nexﬁ element
following each cell on the left and along the top of a three

by threé matrix sc that a pattern goes both ways.

" The five items of the N:M:R task were drawn from
the numerical pattern fypes listed in Table 6 and are set

out below.

*Initial

“conditicn Horizontal Vertical
L ',.
#1 6 ‘Multiples of 2- Multiples of 3
#2 15 Multiples of 2, . Multiples of 3,
: . non-zero _ backwards .
#3 23 Multiples of 2, - ‘Multiples of 6,



#y 13
\

#5 8
*Top,

responses

Foints.

&

task,'the
ways by
cell to th

matrix.

out beloé.

102

. hon-zero backbards,
Multiples of 6, . Multiples of 4,
non-zero v . non-zero
Doubling Hultl 1l of 2,

' J backwgri

left hand cell

Each horizontal or vertical iine of four) correct

earns one point. The score is the total number of

Numer _gal Hatr1X° Se. egt [N M:S] In this

child Jis required to contlnue the - pattern both

'selecting one of the four choices:ﬁrbiided in<each

e ' right and along the'bottom of a three by ?Eree

The pattern descriptions of the five i&ens are set

*Initial . {f -
Conditicn Horizontal Vertical
‘ ! : ‘ :
£ 1 Forvards by 1s . Multiples of 2, -
: o non-zero

#2 3 Multiples of 3 - Multiples of 2,
non-zeéro o
#3 . 6 Multiples of 5, "~ Multiples of 6.

non-zero
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<

#y 13 Hulriples of 4, - Multiples of 3,
' ’ . non-zero, non-zero .
: backvards
5 5. Doubling ' uultlples of 2,
o : non-zero ‘

*Top left hand ‘cell

The distractors include the»next nunber and the

’decade number after the final elg&snt in the right hand and

 bottom celle and nmpultiples associated with . these fiﬁal

€lements, Where nececsary, al;ernate. distractors vere
provided by addlng together the final tvo elenents. |

Bach vertical or horizontal llne of four correct
responses earns one point. The score is the total number of
peints. f ‘
g gg erical; Ha.;;_, Gegegg e[ __*_J In this

task, the chzld is required to generate two numerical matrix

,patterns of hls cun choice. He is prov1ded with a sheet of

paper bearzng tvo blank four by four matrlx grlds.

"The scorlng procedure allows eight points for each

matrix accordlng to the folloving schene'

1 point: a. o g | -
- Each row and coluan with a recognizable .
“Fattern. '

r



104

t L] .
16 cells filled by the 1 to 16 sequence
c. » |

One line repeated four times -

/

) If each 1line of one direction is a set of
"consecutive numbers,  tvo points only are earned; glth one
‘point if any one line is not correct. \If another ‘$equence
appears in the othler direction, one further Point is
recorded. o

Pcints are earned for one direction only if one
consecutive sequence is used or if the pattern is identical
both ways. 1If the matrix is correct, one further point is
recorded. _ \ . ; L ,

Ja

Two  additional points are allocated , ' for
complex1ty. . ' : S : -
1 point: a: o , - Lo ;
A matrix based on a line of 1s
: but dlfferent patterns generated
b, : .

‘ Sequences in reverse order

2 ‘points: - a.t\ '
. leferent patterns. across .
T ' and down, nelther contalnlng a llne of 1s
~ N b .

Doutling’

The score'is'half the number of points.

g;ggg;_a Conservation and Classif 1cgtlog
- . L . b B
The conservation and classification situations

explored durinc the present 1nvestigat10n werelall derived
from tasks descr;:ed by Plaget*and hlS associate ~{Inhe1der

.& Piaget, 1969 Plaget,“1965; Piaget & Inh lder, 1967;
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|
\

.

[

, | | - | \
The testing grocedure incorporated the Piagetian

Piaget, Inhelder & Smeminska, 1960).

" hethod of cbseryingAand'questioningachildren individualfg.
Although the Piagetian‘ method. Bf questioniqg"' not a
standard technigue, the type of questlon asked to’ elgc1t the

conservatlon response is not a 51gn1ficant source of
e \ M : M :

varlance (Cathcart, 1969; Mermelstein, 1967; Mermelstein &

Shulman, 1967 Pratoonaj & Johnson, 1966).

!

Al

In the presént study cqnsiderableiflexibility vas

employed inyorder to ensure that the children understood the
verbal meaniﬁg of the questidps._ ‘Neutral but sﬁbportivé
comnents were nade by ‘the 1nvestigator in order to encourage
the child to continue his actlve_partlcngétion'ln'the teSt"

situatidn.- - N . .
o S . ) N "‘.
'In each of the respectlve tasks, the suhjects vere

&Y .

I

categorized = as conservers, partlal conservers N sr
ncnqsnssrvérs, or as c1a551f1ers, partial c1a551f1ersvorx
nsﬁclas=ifisrs. If a chlld's respbqses indlcated a change‘f;;E
of 1eve1 of thinking from one sthe to another durlng the .
- testlng process, the _subject vas categorlzed as partial
'conserver or.“a part1a1 cla551f1er/ Fo;ﬁthe ‘purposes off
later statlstlcal analyses, conservers and c1a551f1ers vere'

given a nuner1cal 1abel of three, the partlal conservers and

N



"Correspondence Task
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. ) . . Y '
part1a1 classifders two, and nonconser#@rs and

“~

nonclas51f1ers one.

Conservation;

' Conservation:of number and area Yere each tested
in two situat10n= with each child igdividually. The number
tasks were derlved from Plaget (1965) vhile the area’ tasks
taken from P1aget and Inhelder (1967) were the same as those

used by Blackall (1972)

~

Durihg~ the task , adninistration;‘7 Questions

~e11c1t1ng ratlonallzations were varled for exauple, "What

akes you 4hink sozn" - "How cone?" "How do you know?"
n

A4

?“th?" . After each transformatlon, the Chlld was asked the

relevant criterlcn question, for 1nstance. in the Llnear

kY

. Q ‘
Are. there as many squares as circles orf_’
are there nore squares or are there more
circles? :

The brder of ch01ces 1mp11ed 1n ﬁhe questlons was: varled to_

(SN

avoid . perseveratlon.

. investigationsa ‘of nunber conservat;on,f,?iaget - (1965)

Item 1. Llnear Correspondence Task ‘ In his

&

b

Lo

L Lt
BT
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. includéﬁ s}tddtions igéaiving mate:ials!sgéh as counters and
pennies;'gohjeéts of a similar nature in the fb:n of
cir;ulﬁr‘ and sqﬁgfe plaétic.shapés vere used in the present
étudy to test the prqvqkéq cor;esppddence ;spect qf‘ number
ccnservafiontw_Thecnumbef‘of,objedts, hdﬁéver,vdiffened froﬁ
'Piagetfs 4répdrtéd' maiimunv of ten palrs of objects,q though
',the usual quantlty was five to seven palrs. In the present

1nvest1gat10n -fourteen shapes uere 4man1pulated. Such a

‘number was choéén to ensure that a Grade three’child vas not

¢

dependlng on hls grouplng experlences nor on hlS ab111ty 5t6,
2

count rapldly in crder to make a cort&@% judgement.

The testing procedure began with the subject

_'helping the " investigator to set . up a. . ore to one

corfespbndence teﬁween‘| the ‘sqqares and circles. The

criterion question was - ' ' - "

-Are there as manz circles ds there are
' squares or are there more circles or are -

. there mcre sguares?

As mentioned earlier. "the ‘ordef"‘vithin the question was

varied to minimize a ¢Kkild responding to eXpectation or a * - e

-particular linguistic position. : - _ 5" -

° =

f

The circles were f%en .stacked into three piles.

éTo check'~on“his ‘understandlng of -the ' lanquage of the
Y T . .
crlterlon question, the chlld vas asked :

}25 o ?82 manz c1rc1es do you think thereuare°

-« ! o .
- t

o
«

E

o

vy

~
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.o The squares vere spread out and the criterion
SR v :

question asked once more, but in ﬁa -different order. .The

_criterion question was repeated after the Squarés were piled

and the circles spread out.

If a child"s responser indicated that he was a.

nonconserver, a further instruction was given while the

investigator spread out her hands t¢ receive the plastic

shapes.
o i S S .
- Give me as man¥ circles’ (or squares) as

- ycu. = think here are squares (or
., circles).. . ' ‘

74

A subject was categorized as a\”GogisrverﬂAif he
1

" answered the criterion“cquestion correctly n - the three
. “ -

=78

occasions, as partial conserver if he answered correctly on
- as : - A

one of the otcasiops when the shapes were not’in perceptual

correspondence, and as nonconserver if he ansvered correctly

only when the shapes were in perceptual correspondence.

. © . . .
Item 2. Circular Corgespondence "Task. The

testing situation and categdrization

'Circularcéorresp?ndence Task were identical to those of the -

Linear Correspondence itenms ’except for two conditions.
. o, ! . -

Firstly, 26 “fun" animals identified as "gregh« or purple

pfovided the stimuli. ;Secondly, the arrangement of the

. - S~
Q

pro¢edurgl of the.
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objects was circular rather than linear.

Ccnservatlon of area.

e e . —-—

Item 1. The Barns Task. This taSk“replicated

[J

Piaget's investigation into a child's understandlng of the
1nvar1ance of an area relatlonshlp upon subtractlon of . equal

reglons (Plaget €t al;L 1960) . Two pieces: demonstrably

equal in area represented two fields in each of which a cOw

el

\35 grazing. - Wooden . blocks (2cmv cubes) represented barns~

&hlch reduced the amount of pasture avallable to the cows.

Barns were placed on each field one at a time so

that, ‘thé nunker of barns was always equal 'h?bexvcrlterion
St
question was o 4
T | o !
Does this cow have as much to eat as
that one, or does this one have more to
eat or does that one have more to eat?

The investlgator gestured approprlately when the cr1ter10n o
7 B

guestion was asked after the addltlon of each pair of barns.

i

The'inVGstigator checkéd wlth the subject that the
two pleces of :ard were the same size and : therefore;. that
the tvo ,cows €ach . had the same amount to eat. 'Initiaily
both sets of five barns uere scattered; then the barns-vin

" cne field were p051t10ned contlguously along the‘edge\of\the

———

field. If a- subject rejected the eguality of area when7&he '

"

4
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\ , .
barns were'ln the contiguous and scattereé positions, the
tio sets - of blooks were both positioﬁed'_contiguously'
according to the same arrangemeat. One set‘ of barns was
then scaf§ered as before. o

.
-
e

- :
A Subject vas regarded as a conserv;y/only‘if he
- could explain. the equivalence of the two pastures when elght

.pairs of barns had been placed in the contlguous and

scattered P°51t1°ns' Similarly, the/Partlal conserver ‘as’ c :

'uell as the nonconserver vas judged on his response when the

[y

barns were in the contlguous and_ scattered positions. . A
. ¢hild who ' answered correctly at some tlme durlng the task
administraticn was noted,as a partial conserver, vhile the

nonconserver was one whoirejected the equivalence of ‘area

when the barns were arranged in the’ contlguous and scattered
pontlons. N S o .

-Item 2."Transformed Triangles Task. ThlS task
‘was also a repllcatlon of a Plagetlan 1nvestlgat10n 1nto the

conservatlon of area upon transformatlon. To acknowledge»

the equallty of area, tife child nust 1gnore the increase in

perlmeter (Piaget et gl.L 1960). " Two congruent triangleS’
.made from~a rectangular plece of card were arranged vinto a
large trlangle as well »as other shapes suéh, as a

parallelogram in crder to exanlne .a child's ability'nto'

withstand the apparent change in size. . .
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tn"the present study, the 'materials used were

wooden blocks (a 15cm Sguare; twvo congruent right angled‘

- triangular tlocks which togetner_ form a 15cnm square, tuo

I

oblongs 15cm long‘andg71)2 cm wide).

The subject was presented with the two triangles
"arranged as a square - "“your baCKYard." The 1nvestigator

" had the square Ll"my, backyard." The two triangles were
. i .

-

. i .
/ ° " Sy r

question was =,

you _have  as ‘much room in your
backyard as I have in mine, or do -you .
have more or do I have more?

. If a subject' answer ~indicated that the regions vere
_different in area, a second guestion vas asked.
[ ) s
: If you have to plant your backy\¥ with ' _
'grass and ‘mine with grass, would. you o
need as. much grass for yours, or for

) . mine, or Hould they both need just as
R T much? . :

- The triangular _blocks were ?arranged as a large

triangle and then as a parallelogram. The oblongs -in» the

formed intc a larger right‘angled triangle. The criterion

~

form “of a, =guare represented the backyard belonging ‘to the..;

subject's teacher who ‘was referred to by name..“The' oblongs )

ere compared with the square: and then vith the triangles in .

various p051tions.

=



‘ .
v

The children were categgr}zed as conservers,

2

partial conservers and honconservers.. The child  vho

acknowledged the area equivalence 1n each arrangement of the-‘

e

blocks | qas categorlzed ,as';a conserver., .The partial~
consez:er &ncwered correctly sometlmes, thle the child who
‘marnta ned there was a change of area'.vlth the f;rst”
3rearrahgement of thef.hhlocksx{'was' Qcategorized - as | a

L3

'ncnconserver.

Clas 51f1cat1cn-

- Tasks to explore a child's ablllty to c1a551fy
vaddltlvely and multlpllcatlvely repllcated .tuo. 51tuat10nsf
described ty Plaget (1965) and Inhelder and Plaget (1969).
The testlng grocedure followed whyte S - (1971) Test 5chedulg‘~

Piagetian Tasks which attempts to standardlze ‘the Genqyam

protocols.
' The. subject was ‘asked to explain his answers_
fthroughout thewtestlng se551%n.. ' ‘
- -y
Tten 1;t'Additive Compositiomfofdclasses.c‘ In:the
‘Piagetian exploration'of additime composition'vof' classes;.
described *exten51ve1y in the 1965 report and less so 1n the

-1969 publlcatlon, varlous materlals were used, although the'

51tuat10n has become known as the Wooden Beads Test.’_Whyte
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(1971) uses plastic beads on the i grounds of  their

availability.'. Por the same reason 18 yellow and 2 green

- plastic .tiles, 2cm! square, were‘_chosen for the present

S"tudj.‘ . . T L -

In the pre-test trainingi session,> the -child

handled the materlals and was questloned in order to check

that "he understood that all the tlles were plastic, sonme

being yellou, the others belng green.

0

When the part vas ‘being compared to the vhole. in

i 2

the testlng 51tuatlon proper, the crlterlon questlon was o

'If I made a 'row with all the lastlc
~tiles, and if I made a row with all - the

yellow t11es,~wh1ch row would be longer°~

!

During the ”session; the 'nnsucceseful subject's

attentlon vas drawn to the plastlc nature of the greeh'

R

»tlles. He was glven the opportunlty to arrange the tlles 1n'

order to compare the two TOWS. He'was.flnally_asked

"‘—{ ) X Ll .
Are there more plastic tiles or more
yellow tiles? s ' ,

'..’ ) B - v ‘ .

The child was categarizea'as a"classﬁfier‘ if he -

'correCtly answesed the,criterion question immediately as an

flndlcatlon of hls understandlng of the relatlonshlp of c1ass7

. < .
and \subclass. ' The partial- c1a551f1er$, were ‘those fwhO--

DR

ansvered -correCtly‘ one‘leSS‘than-all occa51ons.~ The‘child-
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who remained firm that the part was gréater than the whole,

was ca}egqrized as a nonclassifier,
: N v oo N

N

Item 2. Multiplicative Composition of Classes.
Inhelder and Piaget  (1969) . used a'lhumbér of differen€ ‘
situations to de}eémiheh‘whéther a child réaiizes that
subclasses vﬁhich lhave been‘séparated can be reunited. Afn

the present study, the subject was required to  sort "16

 geometrical objects. - consisfing of 4 blue squares, U4 red

squares, 4 tlue circles and 4 red circles (p.165f"'in three

wvays, spontaneously, into two subsets and into four subsets.

. The éhITd‘iaé then asked the criferion gueétion - -

 can you put these [ for éxangle. the blue -
- squares ] with these [the red squares] ? ,

‘About each -of the pairings involving colour'and shape. As

in the other Piagetian tasks, the child was asked to explain

his choice cf action.

N

Abchild_who.re¢oghized that the four'subéetsicould
ﬁe regrouped into two subsefs both ways was categorized as a

classifier. A.child who _admitted that the,, four subsets

\

" could be fegrqpped~int6 tvo subsets in Oné wvay but not the

other was categérized as'a partial classifier. A child who

maintained .- that the four subsets could not‘befregrouped vas
categorized as a nonclassifier.

?



Standapdized Tests * o

Pathematics_Achieveient

’

et St S—— ——

Of the eight subtests in/ the Canadian Test of

Basic_Skills, two are - concerned with mathematics

achievement. - The first, Mathematical Concepts, was designed

!

to evaluate the students® understanding of the number
system,' méthematica1~ 1aws and the operators. The second
eubtest vas claimed to measure problem solv1ng Aability. A
tally of ' the two subscores furnlshes a comprehensive
.mathematics scofe for each Child. s

o

The two subtests were administered and scored

\

according,to the rrocedures.set out.in the authors' manual.

The ggggdiag_L Thogndlke I telllqence Test vas

de51gned to measure 1ntelligence descrlbnd by the authors as’
"the abll;ty to work with ideas and relatlonshlps among
ideas (Wright, Thorndike & Hagen,' 1g72, P-1)." At the
€lementary school:level'fhere.are two baiieries, vérbal andf
nbhverbal.? The4.vgrbél battery fhcludes 'fivé, subtesfs:
vocabulary, .sehtence completioﬁ, arithﬁetical reaSOning,

verbal classification and verbal analogies., The three
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subtests of the nonverbal battery are flgure analogies,
s

number series and flgure cla351f1cat10n. The two subscores

‘added together prcduce a composite intelligence score.

P

-

. The tests (Levei 1) were administered and sgored

according to the frocedure: set out ip the a

bther Tests p

\]

\

As half the tasks in the Patterh Processing Test
are numerlcal, a simple test of number knowledge was dev1sed .
and admlnlstered ' Spaces were prov1ded on prepared sheets
for the chlldren to flll in 'the multlples of 2 3, 4, 5, ’6‘
8 and 10. In order to minimize any reading dlfflcultles ‘the
words "count on," which appear on the sheet, were read aloud
to  the .children. ‘A copy of the ‘sheet.can be found in
Appendix C. :
. ~//f/’:j'
Two p01nts vere allocated to each correct sequence
of 3s, us,. 65, and 8s, with the renalnlng tvo p01nts belng
shared by the rultiples ef;-3,' 5 and 10. One incorrect
additlon earred cne of the twovipolnts; more than one
incorrect addition; ho -pointsr . The score is the total

number of-pcints};/».

7
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The childrem were encouraged to use vwhatever
mnethod, 'including finger counting, they wished in order to
complete the sequences, Although no time 1limit was set,

only a few children -needed more than seven minutes to

complete this test.

Colour Disgrimination

The four colours used in'the geometric tasks of
the Pattern Protessing ~Test were red {(R), green (G), blue
(B) and yellow (Y). 1In Case‘¢olou; blindness or deficiency
should ‘advetseiy affect a child's berformance,.a simple

colour discrimination test was administered.

i

The coloured cardboa;dAshapes used by‘the'children__
to generate vpatterns ([G:L:G and. Gfﬁis] vere mixed, in
individual toxes. The chil@ren were asked to put all the
shapes of.thé same coléur,into heaps. The investigator then
asked each subjeét iﬂaividually' to name " the colours -

describing his heaps.

-4
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RESEARCH PROCEDURES e o

gt

The Edmonton Publlc School Board was reguested to
allocate four schcols €ach hav1ng at least tuo Grade three

classes, with * the prov1s1on that no adaptatlon classes of

«

Specially chcsen Fuptls be 1nc1uded - Eleven classes were

\

subsequently made avallable to the 1nvestlgator. The table. {

£a

of random numbers in Kerlinger ({973) ¥as used to randomly

placed - on  children with - low intelligencej or physical
 handicap. Although sex was not .a stratffication varlable,

the sample' fortuitohsly 'contalned flfty ‘girls anﬁ flfty

. M
~

S

boys. = L . S N

‘mcnths. The sample's 1ntelllgence scores deriveq from the

ggnadigg_gggg_ Tho dlke Intelligence est‘f ranged frop 73

e e e i e S e e e

to'133, with a mean of 110.0,and a. standard deV1atlon ,of



A

i

class of 20 Grade three Qspils with equal

numbers of girls and boys prov1ded a group for pilot study

Furposes. Ten' Grade four pupils werq also 1nc1uded 'The

K

purposes of the pilot study were fourfold: first,. to. obtain

a4 measure cf

reliability for the Pattern Proce551ng Test.

In order to do so, a parallel form of the Pattern Processiny"

Test (Form B)

!

vas prepared. The items of Form B were sed

¢ .
on the same pattern descriptions and types as the main fornm

(Form "aw) although different colours,. shapes and numbers

appeared on

the task pa‘rds." Half of the 30 children did

: A -
Form A followed by Fornm B, while the other half reversed the.

order‘of'the tvo forms. The results of -the Pearson Product

1

‘moment correlation analysis are presented and discussed,j ’

later under_"Evaluation of'the Instruments;";

The
A
U

consider the’

simple check

findings from

N

seoond purpose of thef p}lot"studyf"wa to

adequacy of//the number knowledge test as a _.

on la child's fac111ty with number. - The

this test are also discussed under "Evaluation'

‘o

of the Instrument= n,

The

Doubt about

/ -

third .purpose ‘was to deternine uhether-

‘conservation of number should be included in the main study.

the’ ability . -all Grade three pupils, to

)
. . -,
. . ‘ N -
~ N S .~
: . i . - . o,

Yo
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conserve number arose from ‘Blackall's {(1972) study.AlThe

i

Llinear CorreSpondence Task, described.above, ‘was presenred
to each chila 1nd1vidually. Of‘the éO’Grade three subjects;
12 yere categorlzed as conservers, 2 as part1a1 conservers
and 6 as nonconservers. "Rmong the Grade four subjects, one
vas categorlzed as a. pagmlal conserver and three as

ncnconservers. These results were the ba51s of the decxslon

. to 1nclude ccncervatlon of number tasks in the main “study
instrumentation. LT

L fhe 'foiitﬁ7 purPOSe of the pilot study was roi

assess time linits and to allow trlal\admlnletratlon of the -
.

»Pattern Prcce551ng Test iu ‘a group 51tuat1on. The time

‘limlts result;ng from the admlulstratlon Jf/ the two férms

‘have been-,lncorporated in .the descrlptlon of each task set

l

" out in Appendlx A.. . Y
Data_Collection - S

The data were coléected between January and Aprll,

1974, Thethhssrcom teachers, all of whom hold current

.Alberta teachlng certlf%pates,' admipiStered;.%he Canadian
' @A o ERD—

'Lorge Thorndike Intelllgence Test = in January and  “the

<

mathematlcs Qectlons of the Canadlau Tegt of. Basmc Skllls in-
February. : ihev 1ntelllgence tests vere optlcally scored on'~'

the séhool hcard's computer, while a graduand in elementary'

A
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s

education = =scored “the ‘two ,mathematics  subtests. The
<. u N

,proceduressset out in the authors? manuals for.. the two

3 e

standardized testc wvere followed The number knowledge t%st
was also given by the classroom teachers in February and
- .

scored ty the inVestlgator.

v
v
3 -

During Harchﬂand.April the Pattern Processing Test
was admingstered to the 100 subjects in. the sample *in five
gxoups by the 1nvest1gator who corrected‘and scored the
children's responses. Each group attempted thée tasks in the

sane erer. The colour dlscrlmlnatlon tas& was 1ncorporated

A

1n the Pattern Prcce551ng Test sessxons. During the same
=months. the »admlnlstratlon' @F . the | conservatlon. and

'c1a551f1cat1cn tasks vas shared between a graduate student

2w

ipn -~ educatlonal psychology . and the 'inwestigator who
categorlzed the children's responses. .Thevorder of ‘the six
Plagetlan 1tems was varled but not to a partlcular pattern. _

. d»- . . . .- | Q'l"‘

. For the group and 1nd1v1dual testlng sessions,

~
each school prov1ded comfortable, well- 11t andz:undisturbed,-

quarters.

,Age and 1ntelllgence scores were secured from the

cumulatlve record cards. :

N
oy
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Apalysis of Pata:

&

| The data for this’Study were analysed using the
fcllowing probedures which. have been prepared-as computer
program= by the Division .ofv Educatlonal Research of the
Uhiversity of Alberta.
i.‘ Factor Analy51s (FACTO1)

A correlatlon ma**lx leadlng to a factor analysis, a
-technique used to determine if the original set of

vatiables can be reduced to a set of factors amenable

to 1nterpretat10n.

2. Pearson-Eroduct;Moment'Correlation (DEST02)
A ccrrelatlon ~_matrix computed- for demographic,

sample. 5

Y
-7
A

EVALUATION OF THE INSIRUMENTS

A- detailed descriptionﬁ | of -fhe design,
"-\‘? W '
admlnlstratlon and scorlng of each of: the 1nstruments used

)

in this study has been presented earlier. In this sectlon

-an, evaluatlon of these 1nstruments, based mainly on the data

from the present study, is-reported.

~

» z

Ihe Pattern Proce551ng .Test wlll be evaluated from
ihree acpects~~vf1rst, yalldlty;vsecondly, rellabllity: and

thirdly; the order of difficulty within and between the

k3

perscnal and 1nstrumentat10n varlables over the .total



Q

. separate tasks.

!g;;g;ty; The aspect of ualidity releVant to thef
present study is construct-valldlty, -the analysis ~of the‘
meaning, of. test components ,in terms of psychological -
concepts (Cronbach, 1970) which ,are . "constructed" to
summarize or account for the regularitles or relat%onshlps_
observed in tehav1our (Thorndlke & Hagen, 1969)/“ '

‘

The construct under consxderatlon in the present

‘study “is pattern pProcessing ablllty. ~The Valldatlon of the//

1nstruments used to measure'thls construct depends 'on “the

. e “~ 1.

closed " matrix establlshed among the f1Ve pattern processes,

.

ro

“the two forms (Jeometric and numerlcal) and the tvwo

r

a

arradgements (linear and matrix). Each cell in the task

matrlx contalns a test 1ncorporat1ng the three components of
\

pattern proces31ng, process, form and. arrangement. in all

possible comtlnatlons. ' ' .
-

v The five- pattern actiuities were extracted from'

‘investigations .ccnddcteﬁ by .Bartlett ‘%1958), Donaldson.

(1963), Klahrrand_wallacé, (1970) Slmon and Kotovsky (1963)
and others. The two forms are commonly found in elementary
mathematlcs programs,i while the two arrangements, whlch
Plaget ‘and hlS Genevan assoc1ates have explored are found

in more, adyanced mathematlcs,programs.

&~
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d ' N
The recults of the factor analysis. applxed 'to the

children's . performance on the - Pattern Proce551ng Test
(reportedniin' Chapter IV) lend support to the valldlty of

pattern processmng ablllty as a construct.

Reliability. Onel of the purposes of * the pilot

study was to'oktain a measure of rellablllty for the Pattern

Processing 1est. A parallel -fornm _(Form B) was prepared
accordlng to the came pattern descrlptlons and. types as the

main form. ' The means and standard deviationsh of ' the

parallel dforms‘ are -shown in Table 7. Product »homent

_ correlatlon coeff1c1ents betueen the two forms were computed
using. total task_scores. The correlation coeff4c1ents and_

- associated protabilities are presented in Table 8.

- . B \

| Twelve of the taShs had a high parallel‘ foras
reiiability "(p<.p1)””whilef’£hrée 'had moderate reliabilityi
'(p< 05), with another one approachlng this level (p .06)
Oof the tasks w1th low rellablllty, Test D [G:L: S] and Test M
‘[N L: R] showed 31gn1f1cant dlfferences in favour of Form B,

whlle the £everse applled to Test B [G L: C ] The remalnlng

task, Numerlcal- Matrix: Generate, showed a - 51gn1ficant '

1mprovement frcm the first to the second admlnlstratlon.

. o
3

o . o

gg er_of d'ff culty. It will be recalled that -

3 ’ | ?
i . :
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TABLE 7

PARALIEL FOEMS OF THE PATTERN PROCESSING)IEST

~MEANS AND STANDARD DEVIATIONS

- (N=30)
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' TABLE 8

PARALLEL FORMS RELIABILITY OF THE

PATTERN PROCESSING TEST

T—sEEEE=s

R 53

, Probability

- Coefficient that r = 0
~ Interpclate . 425 027
L Centinue 303 124
n Reverse / 637 .000
1: Select .300 «.130
g cénerate..' - .551 ©.002
'Interpoléten* 449 021
ﬁ ‘Ccntiﬁue ; ;625“; o ;600
t _-Feverse .648 T L000
'i ?LMSelect N .8ﬁ5 - |  fOC6v
X Generate ' .410“.- ﬁt .052’
. in;eipélaté 476 u\f .019
L {*‘cchtinue | .857 +000
n Feverse 259 222
: Select 614 L0071
- 'éenerate\3  2747 . +000
, Iﬁterpcléte' , +776 \\!” 000
Continue . d? . .678 . ..000
‘Bevefsg . T ssy { .005.
.sé;ect 724 Lodo

SR L T A
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correct respcnses to items in the hPattern ProceSsing Test’

were to gs.aaccented by‘ consensus ?of three elementary ;
mathematics educaters; Each‘judgel answered . the geometric
_ tasgs i a form where tnejshapes were.uncoloured; Then.the.
‘colours;only.werengone'tnrough The judges' completed the
numerlcal " tasks as set out’ 1n the procedures (see Appendmx
A). Complete consensus on the acceptability of. responses
was- reached In the constructlon of the Pattern Proce551ng
‘TeSt,'an attempt uas made to 1ncrease the dlfflculty of the
items wlthln each task. Tbe geometrlc items followed the
3order of the Holland Test Setlee (Appendlx B). According to
Klahr and Wallace . (1970), the evidence- to _suoport their
.clalm that the items are arranged in. order of dlfflculty'
‘came from a longltudlnal study of f1ve ~and six year old

chxldren  who ‘each so;ved ovgr_ 300

R

The numer1ca1 items were dravn from a compendium -
of 1tems gathered from various 1ntelligence tests uhlch have
been. normed us1ng exten51ve populatlons, xaccordlng to
»

authors' manuals and the seven Mental Heasurement »Yearbooks

‘edlﬁed by Oscar K. Buros from 1938 to 1972.-- -

‘In a post admlnlstratlon consideration' of -the
order of dlfflculty, the number rof correct . responses for

E each -item 1n the ;nterpolate, contlnue, reverse and select

B
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tasks was calculated.‘ These totals can“be'found- in Tables
8, 9, 10u and 11. The tabulations may be';ooked at in. two
waps: first, "to compare the items_ within a task; and
1second1y..tc:ccmpare the total task<sc0res;t -

.
0

In the geometrlc ilnear tasks (see Table 9), the
bPercentage c¢f ' correct responses generally decreases
throughout each task;i except for one 1tem, #5, in'which
shapes alternated singly vhile the ' colours. alternated in
pairs. :There 1s a sudden _increase in dlfflCUItY in #9 and
#10 in the 1ntegpclate, contlnue and reverse tasks vhere the
~correct respcnse was not present on the task card and had to
be inferred from the 1nformatlon given in the five elements.

: | " |

In-the geometriﬁ‘matrlx tasks (see: Table 10), _the
expected gradual decrease/ln the number of correct responses_
occurred in the contlnue and select tasks, but ‘not.- in the
1nterpolate and reverse tasks, In the 1nterpolate task ‘%he
.1nterchange of #2 and #3, and #4 and #5 vould chtlfy the

51tuatlon. The ccmmon feature of #2 and #u is the 1nc1usion

of shape—palrs which may have provided the-extra'difficulty'
: _ 4 & o7 | ‘Y,

component. "
In the reverse‘ task, #3 Aand_'#s proved -too‘
difficult for the subjects., With h1nds1ght it can be seen

‘that #3 was varied too much f om the pattern’ description
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- TABLE 9

o

GEOMETRIC LINEAR TASKS: .

PERCENTAGE OF CORRECT RE%PONSES‘

. (§=100) N { _ ,
L > B _ a
_ A _ B C. D
Itenm (G:L:I] - [G:L:C] . [G:L:R] }'[G:LQS]
¥ . 92 BT 5 . 82
%2 83 86 . 68 97
$3 92 86 43 8
o 90 . . -78 87 95
#5. ', 60 - . . so . - .30 RTINS
: nf':?m‘ R : ’
#6 V- 80 67 34 79
7 62 76 32 78
. ’ o ) L~ : . g
#8 61 . 66 1 27 71
k9 22 12 6 73
o1 Y a3 s 35
Total 666 . 618 3919 747
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TABLE" 10
GEOMETRIC MATRIX TASKS:

PERCENTAGE OF COFRECT RESPONSES

(N=100)
ST TTTEEEEss F . c. - =
Item [G:M:1] (GiM:C] [G:M:R) [G:M:5)
S 92 vV 94 v 71 vV 83
#1 A
C 87 H 87 H 77 H 81
’ 4
: S 53 v 78 . V75 vV 79
#2
C c 47 H 69 H 80 H ‘78
S - 81 vV 73 vV oo V' 80
#3 : L , - o )
c 45 H 58 \ H 0 H 64
&
S 38 vV 54 vV ou2 vV 67
#4 ,
C 16 H 43 H 45 H 61
: s s1 .y 37 V-0 Voo
‘#5 ‘ ) ' . : - ‘ . ’ '»
o C. %6 ® 30 H 1 H 52
Total 5z - 623 , 391. 656
S = Shape : . v - 'Verti»ca‘l
C - Colour - , H - Horizontal

5 R ——— -__—_.——-—_—...___-———————————__——————-—_—
e S T

‘-___-__—_______—==_—_—........—_——_—-—-——-—-———..



upon which the geometric itens *were based. #5 showed a
substantial increase in the number of chiidren who"did not

complete !J.f. There were 70 responses in the uncompleted .

- category betueen the. tvo aspects of #4 and 106 for #5 'The
‘only differences between #4 ° and #5 whlch‘have 1dent1cal
pattern descrlptlons. are the shapes and the locatlon of the
cclours. It seems, therefore, that the content of fS,'does

> C .
not account for the low performance.

In the select task, #5 proved too ifficult.

t . g/
-Perhaps because of its -difficulty, the childr

.engage themselves with the pfﬁ?len.

In bthe nnmerical linear tasks (see Table 11),'the

_percentage cf correct responses 'generally decreased

throughout each task, except for #8 which had more correct
‘responses than t74and- sometlmes -#6. In each task,‘ the
pattern type for #8 was: multlples of X, backwards, non-zero.

.o

uhlle 7 1nvolved alternatlng or ‘1ncrea51ng .addends.

Alternatin nultlples was the common feature of #6 in the

interpolate task and #9 in the continue and reverse,taskS'k

all of which pnoduced low performance.
, v 3 . .
When the correct responses 1n the numerlcal matrlx

tasks (see Table 12) are combined for each 1tem, the number!

' con51stently decreased throughout each task. The horizontal

v T ' . : > 132

did not

R

h
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: TABLE A1
 NUMERICAL LINEA&~T{§KS: -
pERgE@fAGE OF CORRECT ﬁésponéns
- (N=100) | o
e
Iten [N:L:1] [(N:L:C]) {N:L:=R] [N:L:S]
1 97 99 . 80 86
, ;oo - L /S -
#2' 97 6 89 63
43 79 T s .18
T 63 . 53 T 4e 43
$s. 58 'asvf~' 54 .75
PrE 13 ‘ fuu‘ , _— Coer
$7 T 30 S22 22 37
#8 - 43 - 45 ' . . 35 32
o - W . 55
#10 23 9 T w7
T s | ~'b/<
Total 517 467 426 435 - -
A s ]
» AN %
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TABLE 12 )
NUMERICAL MATRIX TASKS:
. s . . } . N ' “ -
PERCENTAGE OF COPRECT ;RESPON%E'S
. (N=100)
R S S et ~ane
ITtenm [N:M:T) (N:m:C] - [N:M:R] [N:M:5)
.'c 78 vV 88 v T v 95
#1. P _ g
L “ P 70 H 88 H 50 B 79
' C.. 41 vV 59 vV 55 v .o
| P 25 H 49 - H 59 . H 68 .
L N . j’,’ ’f/». N )
_— c, 31, V. 57 vV 47 “" ¥y 59
. #3 s é : SR
' P 30 H 36 H 42 - H 54
e c. 17 V. 39 v 15 vV 57,
#4 . , ¢ ) .
e P 1 v H .19 H, 17." H 37
” . -. .Nf,‘ ST
. c 10 v oss v 19 v s
#5 . .. . ey : L
o o P9 "H & " "H 18 H 21
} ‘ N . ) ’ L
~ Total 322 483" 377, ossw -
.C = Central .V - Vértical, - -
\ P - Peripheral .0 - Hopizomtal i
=:===,====;===:::t’.—.’=;=':'=='=;==;::;:_:-.-======’=.—;=_.'—.j'===b.l—,‘é==.'-=,='====‘_.-===
¢ /j : h . , ..
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23

'classa.flcatlcn{ﬁsks wege. taken dlrectly “from Piaget's

‘score * for #5 of the continue task,(4 correct responses) is’

o ®

. T 3. o .
sa. " . .' \ X . ‘\

unexpectedly low 3 fts pattern description thCh Aincludes
backuards"non-zeto hultiples is simllar to the relatlvely

easy eighth 1tem in the numerical 11near tasks.,

W
T

-

the- data in Tables 9 to 12 allow con51deratlon of between

o

task dlﬁflculty.: The t§§§? number of correg\; responses in

W

each‘ task‘ is,| summarlzed 1n Table 13, Generally a. linear °

btask has about the same Qr more correct responses than its

’

correspon@1ng ‘matrix :tﬁfk, the main exception’ being in the

-

nUMerical select tasks. On the other - hand, ¢the" geometr;c
form of a task has con51stently more correct responses than

- its numeilcal forn,.exéept for the geometrlc reverse tasks.

n-

. ) . . a. ot
Although some-items of‘the Pattern ProceSSing~Qest

obv1ous1y are 1na§propr1ately placed or de51gned the number

of.correctbresponses 1ndlcates _an; 1ncrease in’ dlfﬁiculty

within tas§s as. well as between the tuo forms and betveen

-
t

the two arrangements. o . o

-Piagetian_Tasks . o . : .

" - . 5
- L . T v . B [

S
The two cOnséryatiod tasks and .the two

.

studies @blch erpin a r3%é§hiz ﬁeoretlcal .framework.

‘ v o W_%

[}

As well as an'order of *difficulty wlthln' tasks,ﬂ

(83

a



TABLE 13-

- EATTERN PROCESSING TEST:

136

(..-
st hh

CORRECT RESPONSES FOR EACH TASK -
4 (N=100) -
T —37fEESHEZEEE_——__—_———°§GE$§IE§I ——————————
.3 ‘ .
) Linear Matrix Linear | Matrix
K} M ‘ ' ‘ .
Interpolatg ' €€6 526 - 517 - 0322
Centinue” 618 623 467 483
hReversé 391 391 - 426 377
‘Select 747 604 435 554
—======—~f===== =================::::::::::::::::=====:======='
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"As well, these 51tuat10ns ‘have been repllcated in- numerous

research bprojects. Although chlldren's performances at
certaih ageS\ vary from study to study, the 1nvest1gators
report s1m11ar responses to the partlcular tasks.v On these
grounds, *the six Piagetian tasks lraye been 1nclo&ed tn the
present study.

T

U

Mathepatics_achievemént. Mathematics achievement

was measured by the:tuo mathematics Sthests‘of the gggékiag

‘Test_of Bes;c Skills: Mathematical 'Cohcepts"and- Problenm

‘hhSolving. According to Birch (Buros, 1972),‘the test'battery .
'.hes such .2 long uline of respected anteoedents that its’
status need never be in‘doubt. The rev1ewer pralsedvthe
technlcal sophxstlc%tlon of test desrgn and the productlon
of. norms whlch are provided for each subtest as ue;ivas,forl
the whole test. Stand&rd a'Lon was establlshed oﬁ a -gfoup
- 0f over 30,000 chlldren._dramn from a stratlfled random
"sample'of.over 200 schools throughout Canada. Although it
makes | very f>few :conces51ons to the hewer,;mathematlcs;
syllabuses, Birch malntalneduthat “for the presen\}\thls isu
probably . as .\useful han 1nstrument as ex1sts (p 15)
Rellablllty coeff1c1ents for the twolsubtests v Hathematlcal'

' Concepts and Problem Solving, are .82‘and .83 respectively.
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Intelligence. 'Intelligénce‘was- measured by ‘the

Verbal and Nonverbal Batteries, Level 3 Form ‘A ofAtHe

Canadlan Lorge-Thorndlke Intelligence Testl -which °  meet

genera;ly accepted ,standards. for . test _construction and -
standardization_ procedures,'.a¢cording"'to 'Tittle '(Buros,

Ld

1972) . Hrlght, Thorndlke .and Hagen (1972) c1ted an Edmonton
study in uhlch a. rellablllty coeff1c1ent of .939 for the

verbal and .927 for the nonverbal batteries were obtained

Y

: for Grade three subjects. R .

— —— s . e e e

LI Y . )

Number knowledqe; The adequacy of thls 51mp1e"

test to measure a chlld's fac111ty wlth number uas/hased on

~

"teacher oplnlon. The scores’ of the. pllot study subjects
uere dlscussed with” thelr two na’hem§t1cs teachers Muho'
con51dered that the‘ scores reflected the puplls' level of
number facility and dlscrlmlnated between high and' low-
achieuers,*' | _ ‘ B '
Colcur discrimination. | Thls 51mple test of colour-

v .

dlscrlmlnatlon 1s used in the Readlng and Language Centre of

the Unlver51ty of Alberta (Dr. T W Fagan, Director) and 1s

reégarded as a satlsfactor¥ means of determlnlng whether a

-

,-}
Chlld .has gross problems 1n colour dlscrlmlnatlon. In the_

present study,; there uere. no 'chngren,s,uho 1ndicated
. . 7 . ' ~ "" ) v o X
°"'$ﬁ¥ A

IR CE ~ _

7 ’
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N —

def1c1ency in thls area. e

SUMMARY
:In Chapter III, three maln aspects of thls study'
have been presented. The flrst section contalned .an account
of the design and admlnlstratlon of theﬁ instruments,-
foIIowed ‘by a dlscu5510n of the . research procedures in the,
. o

next'section. The chapter concluded wlth aﬁ evaluation of

the 1nstruments. . K:? .f
« \
n
v P
| :
}
O
-
3 .
g



CHAPTER IV
 RESULTS OF THE INVESTIGATION . .

._fhis_.chapter is‘ aevoted tp the results ofvtﬁev

| investigétibn. Under each of the;four“purposes, details of
the results of the pariicniar instruméntation'#te,fd%;owéd,
byva‘diécussidn of'fﬁé relévant hypotﬁesis}” The analyses of
the‘éééa were §arried out on the'IBH 360,67 .compﬁterx.uéing :

Fortran programs ,devisedf by ‘the Division of_Educational'

"Résearch»pf the'University of Alberta.

© Overview of .the .Test Battery

It will be‘fecéiléd that 1QO.Gra&é fh;ee subjects
wére'adhinistered‘a battery.of”tésts in ofder'tp-asSééé
| _pattern processiﬁg abilitiés:. |
conservation of number and area
'classificatioh: édditiye éohposition
. ‘ multipiicati;e.compqsition
matﬁehétic§ acHievément o -
iintelligénce' |
numhgr knowledgé
A nglOﬁr discrimination
aﬁd the 'various relationships uithin - and among fhese

140 S
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variables.

The means and standard‘ dev1atlons ‘'of .  the
p g

performance of the sample on the Pattern Proces51ng Test are'

L I !

'presented in Takle 10{‘ on the Plagetlan conservatlon and

cTassificaticn:tasks‘in Table 15; and on the tests measurlng

a

as’'well as age'in‘Table 16.

<4

P Bt

I. PATTERN PROCESSING ABILITIES OF GRADE THREE PUPILS
. . ) . B . - .- IRy )

'Results_of the_Pattern Processing_Test

“

< The Pattern Processing Test which' was used to
‘measure pattern Processing' abilities was’ described :‘in”“
Chapter .III»Euith' the complete test set out 1n Appendlx A.-

- The ‘children ‘were .requlred to 1nterpolate, Apcontlnue;

4

reverse, : select = and- generate patterns in two- forms,

Ny v

; '1 :
VgeOmetrlcal and numerlcal, and tuo arrangements, llnear‘ and -

matrix.

The 'means' and standard »deviations for the 100
‘subjects on the hlerarchy of 20 tasks were set out in 'Table
14, whlle the percentages of correct responses for each 1tem

- Were reported in Tables 9 to-12.

- Q

-
L

nathematics achievement, inteliigence,and number knowledge.

"
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TABLE 14
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PATTERN rROCESSING'TEstz MEAN SCORES FOR EACH TASK

—__—SsZE=s==c=

=====

(¥=100)
SESSssssssssssssscbssssssssszsssssssozsssssesszossssoooooos
Mean ~ SD
I;tefpolate 5.56 2.13
G L jCcntinue 6)13 2;53
F ;' Reverse 3.91 2.77
o .: ‘Select ‘ 7.47 2.06
_ﬁ' o ‘Generate 4,21 2.69
E . :
™ ipteréciafe 5.26 2;06
ﬁ M »écntinue 6.23 2.83
I ,2 FevetSe 3.91" 72,00
c ';E Select 6.56 2,83
* Generﬁte 3.88 _3.37
',interéciate" 5.17 1.84
N L iﬁcntinue‘ §.67 1.93
i f; . Feverse 4.26 '2.18.
v oa Select - ‘ 4.36 2,17
B . .Generate 4,51 . 2.04
R | \ . -
I N Interpolatéj ' 3;22 2.38
C ‘: Continue . 4.83 ' 2.38
2 E  Feverse ‘3;77_ 2;56
Lo select 5.56 2.27
;;--z-_--_;~ESBS£§E§;_-______-___-3:3‘1___-__;*._____-2:31 _____
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TABLE 15

MEANS AND STANDARD DE!;ATIONS

~PIAGETIAN TASKS: . T ‘

-

Multiplicative Composition

N . N S o o o = oo o o oot e ol o

(N=1C0)
) Mean. ' - sp B
Conservation of Number
Linear Cortespondence 2.71 N7
. 7 : ’ .
Circular Ccrrespondence - 2.84 .51
‘Conservation_of Area
‘Barns Task . 2.54 . .e4
! “ . :
Transformed Triangles Task 2.47 . .85
Classifitatigg
Additive Ccmposition 2.64 .54
2.11 .87



MEAN MATHEMATICS ACHIEVEMENT, INTELLIGENCE AND NUMBER
Q : . ' .

TABLE 16

- .

(§FOWLEDGE SCORES AND AGE .

144

(N=1C0)
————-—_—_--—O—_—~---_—--~—___—7__EEZ;-——-E§: ———————— sp
Mathematics Achievement: e

Mathematical Concepts 37.93 8.49
Problem Solving 38.36 . 9.23
Total o 37.93 8.30
Intelligehcé;
Verbal 115,22 15042
Nonverbal 113,44 16.05
Total 114. 02 14, 44
' Number Knowledge 841 2.18
Age (months) 104,47 5.54
====:=========:=====:=;;%:::;::==============:==============
s
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The children's ‘performance on items _with
.partlcular characterlstlcs will now be dlscussed Soneh
1ndlv1dual ‘itemsthave already been mentioned in Ch pterlIII
in the section on order of difficulty, vhile Chapter v
contalns a categorlzatlon of error strategies»employed by
the chilﬁren.in‘the four| tasks uith\pteset' correctﬂ‘answers

-

(interpolate, continue, Heverse ang select) .

gggggtp;g;_L'ne .l In the geometrgc llnear tas?s,
vltems where the shape and colour go together,(for example,

’ §:L:R #4  pg RS GC GC RS RS .\
had correct responses of 80 per cent or hlgher.';ItemsAin'
| which the rhythm cf the shape sequence dlffered from. that of
, the colour sequence, for 1nstance, v \
v G:L:C 45  6b yr yp go Gb YT .. . .

the percentage of correct responses diqd not exce§§ﬁh60 - In

items  #9 and '#lO, ‘the . problem 1ntroduced by differing,

-~ G:l: I410 gy s BT RS YT BS
The maxlmum percentage of correct ansversyon such items . was

24,

s The Percentage of correct responses for all 1tems
in the four geometrlc 11near . tasks Nith preset correct

‘\‘



ide6
- w_,;m‘ahsuers was shlown in Table 9.

' . In Test. E, the children generated four sequences

& hich yeré‘sgb;ed for patfern in,shape_ahd,colour.v_ of the,'

w

ﬁApoSS}b%F _sééugnqeé,_ i31 demonstrated‘patterp in both
slape aﬁh»qclour; 23,ﬁisplayéd ‘pattern in shapé- but not
fl'.~2. ‘fééiéurgll&;d' 67 in colour and.pot shape.* In u2”se§uencés:
.sdhg shape sgmé.dolour’was featufed in 'the patferns , ~~iuced
'as[‘for exaﬁpie,‘in | .
'YC.BT.YC BT YC BT ¥YC
There were nine Séguenées in -which pgﬁtetn in both shaéékhﬁ&;;
colour was iﬁpaifed by oné élement as, for instancei in |

GS.BS GC BC BS RC
» The total number of sequéhces which scored\eithéf one or two
- péints:was 272. . The categorization of scoring sequences for

‘Test E is set out'in%Tablé 17.

A’Selectidn of the 11 sequences_ which gained -an -
"eitrd'poiqt for complexity.is repfbséntedubelow.
'RD YW BD RW YD BW RD

RD YW RC Yb RW ¥C ®D

"¥C BW YC GC BW GC YC : R
‘ ‘ ] _ : . s
R , ° Nine children produced four random lines .eac¢h,

® ¥ “thdt, is, 36 sequences, with an additional 21 coming from. the

_feéf.bflthe sample. ' Randomness was restricted to colour .in

>
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. » TABLE 17 ~ /
o "'ins'r E [ GEOMETRIC:LINEAR:GENERATE ]z -'
o cuééckizaﬁ;ou OF SCORING SEQU;EN|CES ' |
v===;=====ﬁ=======:===‘=====§=£===;;==$===;=,=-====;====;;=4_-====
o - P s Numpber of
Pattern Category SRR .@:; Lf;v ' Sequences
Zwo _Points L cw ¢ |
/‘Both shape and colour , o . a3
Ope_Point “ |
‘Colour oniyf' - 67 o
_ shape énly ’ 23
| Same shape - same?colduf 321
| impairhentr5f one elemént' h 9
’ | i Total 272
y ) ‘,, ” 3 \J
Py _ “ o |
>
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‘cycle uas.67, and thls occurred in Gz M: S #a

IS B N~ o 48

seVen' sequences"and to shape on one occa51on only. One

shape pnly appeared in “5 seguences and one colour .only ‘in

- et

25. sequences.

v

ﬂQ me ;;c; Matr;z : In the geometrlc matrlx tasks, o

the scorlng procedure for, Test F, [G H-I] dlfferentlated

between shape and colour; In all five 1tems there were more.

-c0rrect responses on shape than on colour, tﬁe‘ differencesq

RS

being 5,. €, 36, 22 and 35. Item %5 is ths only one to use

three shapes rather than tuo- however, 1n 1tems #3, #u fand_
e ST

#5 the : fout cclours cycle. Altogether thei maximum“'
percentage of correct responses for the ten"ltems in the

A

geometrlc‘ matrix tasks - whene the colours could be Sald to_

»
‘& .

@

¢
¥

Test. G [G H C] shoued a. regular '1ncrease .1n the
numher“ of» errors. Even though Item ¥3 w1th 73 correct:_
responses vertlcally and 58 horlzontally used four colours,{
they dld not 1ncorporate cycllng and dld not seen to Qfesent

the dlfflculty found wh@n the colours were cycllng.’ R 'a

.
o . . - IS .
N o .

Q J:The' lov‘ performance of the chlldren on Test H
[e:M:RY has been noted already. Although Items 43 and  #5,
whlch [had no correct‘ responses, are nlsplaced v1th1n the'b
Pattern Proce531ng Test; they do 'prov1de jmore advanced

pattern examplesw sultable for students beyond the scope of

0.




pattern :b both dlrectlons wlth 39 of 'them, belng'

[ I 'Y

° ) . o ) = : : ' ' '. )
‘the present study. Similarly, #5 of Test I {G:M:5], in
proving tod dlfflcult for the Grade three subjects, contalns

‘useful comploxlty ulthln_ the four by ﬁour matrlxvfo;amore

mature students.

8 ‘,» . o
"~ 2In Test J, theﬁ children 'genefhted two matrices

which were scored for pattern in the hotizontalnand vertlcal

et

dlrectlons. nOf the 200 p0551b1e ﬂatrlces, 60 dlsplayed
e Ny .

I

!

- .checkerboarad . in des1gn. Forty—seven matricesﬂoi a- random
, .- R

'nature were produced with another 14 Ynearly rardon.

K2

Fourteen chlldren each made two random matrlces.

i i n - ) . .
- . . o« o . . T A

vpatterns Were categorlzed ac ordlng to tﬁe ‘three'
transformatlcns of reflectlon, tr nsformatlon and rotation. &
. CEae L . :
The 1OﬁV'matr1ces " were made up of - 13, reflectlonal 63' o
e ' v , _ o
_ - ey
transformatlonal and 24. rotatlonal patterns. 4 vThe . 22 Cy
. R ) 5 }x](( ,ﬁ %
successfully-,completed -matrlces excludlng those of nﬁhe :
o ' R RIDGLI R
checkerhoapd type,r were categorlzed as ' 2 5
'3 ' R el
traﬁsformatlcnal and 14 rotatlonal. 'The categorlzatlon ofA_—*T :
the scorlng matrlces&is presented in Table 18 . B CE
T ,«4_', . ) N N T 4
' S L R AU S "
Seventeen matrlces . -earnéd ot : CoL for o
. . B ‘é o - s

complexity,: the crlterlon

mo}e colou:siand shapes.,t/Aﬁ_“example” of thls levef
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TABLE 18
TEST J [ CEOMETRIG: MATRIX: GENERATE]:
o . "

D CATEGORIZATION OF SCORING MATRICES e m—«b;f
| . ;i_, .o ) . | thJ”A .f

>

_—— eSS

£ S ", Other Vg

Pattern in Both ~ Non-rangpm © . -

" Directions MatrYles
o e . R

38 R . N R

aQ

Checkerboard

Reflection . o ‘ 2 . : 11~ 'LT,QLa
, . . o fle e . ’/

A : T g
i . S i
- A A S

< ’v. /’ ] . . . - \
Translation BRI 6 5. 57 |
Rotation A L ‘ 10
J By v
iy 'Iot'al/ 60 " | 79 .
S . . o p. ! K _
=r=ESs&=T==cs=== ::::::::==£é:=;========:==:;¥====:==;£==:=== B
- ! ' N G
! J
v N "o
- | P o <
RS . -
. &
c -
" ..
| N j
3 ,
- ‘,L 4 . /
3 ) ’/h
N v e
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‘complexity is shqwn-below.

'l‘l"'l'l"ll‘
0 a 3
25 © > .
'l.l.l"ll"ll"‘j
= 0: A
m o O]

m 21
rl:'...IlA‘.lllllLl“ll

v ~ =

> m

At

In

Five matrices earned ong‘point,for'complexity.

" the criterion was the inclusiqn quthrée.or,mbre_

- this® case

Suqﬁ‘a matrix.is represented below.

shapes.

—

cclours or

8

ll.l"ll,lll‘lll-l:"l!l“nll.llrwdl.‘l.l
- i@
Qa n [=] 0 A
> @ > m >
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«  Numeérical;: Linear{,(&" hin ' the s
tasks} four

iteas, dlsplaféﬂ
numerlcalvsequenc1ng, ad

N

numerical linear

e visual pattern above their
© N:L:C #1 . 20 25 3035 40 45
T  and B

* *

r‘b . .
67" -J7
N:L:S #1 11 22 33 44 55 6
. _ | ,-6 8 ee %
The percentage of’ correct scores for this type 'pf 1teﬁ
ranged from %9 to 99. il e / - _ .
| (I ~
T N _
Where two addends vere,alt
and «

S
[}

‘ jating, as in
N:I:T #4- .5 6 *dg']1,12 /
..N:L:R

* %7810 1113 1" |
the perdﬁﬂkage of correct responses ranged from 63 :o 37.

T

xra !
4o

,;' th ’
. Thﬁng 1tems
>

*-

Hh:ch inLorporated’iﬁCreasiqolaédends,
as in - _ . '///? .:! - . | ) .
i &;L:c' 27 +2 3 5 g
7hadm’30,»"

L}

7
12 17 * *

N:L:I

22 and 36 correct responses, whereas the two 1tems
with decrea51ng addends, as in
S #9 26 20 15 * 8 6

with alternafing multiples seémed to




.Wl |

Jalternates uete close together, for example, with the

!
i
/

/o , L
children seewed to .experience great difficulty when the

fmultlples of 4 and 6 in

N:L:I 46 u * 8 6 1229 (13 correct responses)
. ) . o . L .

ana - . e

2

N:L:C 49 2 4.6 8 9 12 ' (3 correct responses)
By comparison, 1ess dlfi&bﬂlty (vas experxenced .when “the

alternatives vere grdﬁﬁiy 1d1fferent,' for quample, the.

multiples of 10 and 2 in wérf
- ’ » '45-._‘

NiLiR 46 * % 80 12 70 1i 608 r@uqmaﬁ%nnzgg&”Eésponses)

Ihe‘dlfflculty became magnlfled, however, qhen,the sequence

’ was completely rqgsrsed as in

: o o
N.L.R #9 ii‘JB 12 12 8 6 & . (1 correct response)
. ~ ) . s ’Q .

Four 'items 1ncorporated doubllng The number of

3

correct respcnses ranged from 23 for

N:L:I #10 . 1 2.% 8 16 32

.a’..“;‘::._' . . : . N ) N A. 2
"N:L:S #10 12 5 1o 11
‘ \35

Qo ffﬁ’Test'o; the "children _generatea fiVe linear -
 Sequences each of~ which oould score"up to two polntst
depending on its complexity.' Of"the 500 poss1ble sequences,/

8o’ earned tuc p01nts, whlle ?81 gained one¥P01nt g1v1ng a

total of 361 scorlng sequences. There wgre flve chlldren

‘)

v
RS

o | B SRR S 153

A

’{ ’i ‘F\\‘f : i \K; L_ R o } o



&

"'séquences

_ seemed to be quite random in nature.

RE ST not scote as they

5 ‘ o . ,‘ o . | . . 15u

who”’dih not score at all., Altdgether there were 4§

4

uhdbh - setned to be u;;hout apy order.' Some, for

instance,
9 62 93 4. 92 606

A further 31 sequences
© Qs .
repeated ca ‘which

relatlonshlp had

4

already galned one p01nt 1n another sequence.

tv

The categorlzatlon of the 361 scorlng sequences

accordlng to type is set out in fable 19 R
. > - o

of the eeguences galnlng two points, there were 29

of multlples not crlglnatlng at zero, for 1nstance,'

S 9,3 21 27" B .

! = ) ) - @

140 170 200 230 260 290 .3

1

S - f,\\\x
ulth the constant addend of a belng the most fregquent (8

occurrences)

AAlterna#ing sequenﬁEs amounted to 20 of whlch 12
flnvolved the decade numbers and another 5 counting ' by 1s.
'The other three were: o
cr e 910 78563421

6 4.10 814 12 18 16 .
96 12 9 15 12

o |

The _six . sequenceS'. vith  alternating addends
ff‘?i
T ]
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~ :
TABLE 19 -

" TEST . © [NUMERICAL:LINEAR:GENERATE]:
CATEGCRIZATION OF SCORING SEQUENCES
======:=================:.—;::===’=========;==‘_';=-===;—.=‘============
. o o ‘Number of
Pattern Category C o e . 'Sequences

: . ‘ .
Tuo Points |
Multiples not origimating at 0 o : 29
Altergating sequences _ ‘ - 20
Alternating addends = = . ’ . 6
A sequence alternating with a constant .06
Triads - . : 7
Doubling . - S o //' ' 5
Others (More complex) _ _ . -7
o ' - Total  BO
s - 2to10 - A o L tTs
tipdes' - 11 to 100 b 25
‘Multiples - others STy . - -5
Multiples kackwards ‘' ", , - 15
" Forwards: by 1s - I : ‘ o 28
Backwards ty.1s . - : . . o : 9.
0dd -numbers, , - . : SR ' o 4
Visual patterns -~ ~ . . - a3
Incomplete complex patterns - . _ " 17
_ R thalr/ 81
- & nd total: 361
. T ===
W
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1ncluded three of the 1,2 type." The other three wvere .
L U ' ‘

32 52 62 ‘82 92

8 9.15 16 22

23781213 S

jIn'thefsix‘examples vhere one sequehce alternated

1with a conetant, there were three 1nvolv1ng countlng by 1s.

One of fhese wvas - o

78 76 77 78 78 .

1

»'gxw
ﬁi L &, ) o
fon respebtlvely, the 1atter belng . e

o i
' .4 8 14 8

C ..

e -

The seven sequences made up of triads a&, for

eiample;.in ' _‘ T | o | - ) i?’u
| g 1112 202122 303132
and f o ¢ ' -
178 2910 311 12

v'iall involved countlgg by 1s.

) e
) e

Four of the five dduﬁiing\geénsnéég' were - of the
type originéting at 1, the”bther originating_at 5.

. . . . - L.
e ) N ) . . . - °

There wvere. seven . seqguences = with pattern

e > e -

) : ' R L R
° N . . . e : - C .
- : A e .
T %
S . -
=
*‘L{ . .
- L R ey >,

he other three 1ncorporated the multlples of 2, 5, and 1OP

descriptions mbre'comylex'$Q3r any itncluded - in. the- tasks

with preset responses. - - Two sequences featured 1ncreasingf

4o

gy
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. the Pattern Procecslng Test,
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addends where the differences alsovformed a4 pattern. s
23571115 [1,2,2,4,u4]
135811 15 19 (20233007 ”

Alternatlng seguences in trlples appeared in IR
' 51015 16 17 1 23 28 33 o
vhile ' : ' |
. - 10 20 30 31 32 33 a3 53 63
is an example of é:;Hmllar_klnd.wheFe.‘the childt displayed

the complex relationship, but] uith"faulty efecution, a

‘distinction pointeg Out by both Bartlett  (1958) ang

Donaldson (1963).

o, “\

\

'~The- most complex patte n, wh;ch vas produced by a

girl aged. 8.9 Years and! wlth‘.an I Q. of 138, 1nvolved‘

alternatlng decrea51nﬁw dlfferences a. type not 1nc1uded in

A

% | 56 50 45 39 34

- ‘ "
- ' , , "ik“"’%

It may he noted that the proportlon -of sequences ‘

’ earning twc 'p01nts “per subject for each of"- the 11 classes

ranged from 1,54 to .14, the 1ntermed1ate proportlons being-@”

-4 1.33, .90, .66, .60, .55, .43, .33 and .33,

Of the 281 sequences uhlch scored. one point, 205

-W€re runs of multlples, the most frequent berng the 28 uith»

Sﬁwin\tances. Another 15 featured multlples ﬂg&ng backuards

e
o b
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with the 2s ~and 10s edch appearing in six'éﬁ%ﬁgnces. The .
distribution of the sequences 1nvolv1ng multiples is set out

1n Table 20 >

Counting hy 1s foruards - accounted  for. 28
seduences; and backwards for 9. The odd numbers appeared in
four seguences and v1sual patterns. for example,

100 100_10 100.100 LI C

in three. - . -,

The sequences categorized as 1ncomplete complex
patterns generally 1nd1cated that the child had a particular

/ .
pattern in mind but- d1d not supply suff1c1ent 1nformatlon to

A

establish the relationship clearly. An example like
a '- '-6u7u1u
illustrates the lack of certaintyﬁ%'Tuo more elements would'

have- determined whether the’ child intended his sequence'%o

. have alternating addends about a’ constant, a quite /complex

T

.
Q

pattérn 'description;. Altogether therev.Qere‘17Lsequences-

assigned to. this category. -

o ! ' <
: . . Ca

: ! . o : -
Nu rical: ‘uatrix., In‘thernumerical matrix tasks, -

Nt - K
. -

the scoring procedure for Test. P [N-M°I] differentiated

between _the correct responses which included the central
number of the matrix and those correct responses. involving

only _humbers’ on the periphery _of the matrix. . Of the
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7

j © TABLE 20.

TEST O [ NUMERICAL: LINEAR: GENERATE]:

Q

DISTRIBUTION OF SCORES INVOLVING MULTIPLES

(¥=100)
 multiples of . Forwacds "~ Backwards
. 2 '/,'6 .
3. : .0
. ; 2
5 I 0
6 ; 0.
[ ' g ‘ -'4 f‘g
9 T
10 : 6
11 o 0
12 ! o
20 0
25 -0
40 0
50 0
| 100 o
e 101 0
I 1M1 0
o 150 0
b 1000 \ 0
! - 0
\ =='===3;#‘:.—:========::-—-——-——-- ..__....___========7=:==========:==

o




.
possible 500 m trices, 119 were ‘correct in all‘fou}J'numbers.i
o and " so earnei tvo  points each. of the eu matrlces whlch
3cored one pc1nt each, 27 had the correct central number, in
other words, a number essentlal to-both ‘the horizontal and,'
“ verticai-patterns.. The remalnlng 57 matrices. each contalned'
two or three correct mumhers, but not 1ncludlng the central
.'number.‘ Table 21 shows the categorlzatlon .of‘ the correct.

responses for Test P. T T .

.

RS

S " In each of the fue, reverse‘and select - tasks,

' there’ was a possible total of 500 correct matrlces Hlth

patterns in. the - horizontal ' and vertlcal dlrectlons. . Aj”

.
to - rox

responSeA"was' categ&rized ‘as 1ncomp1ete if there vere not

. -
v

*‘four answers for each llne or 1f the 11ne was not attempted.

u
o

Thls gategory does not 1nclude complete but 1ncor;ect llnes,

1a response type dlscussed 1n Chapter v

F=h-‘ L A “
Because of the"similarw:arrangenent aﬁd ﬁscoring,f
procednreﬂ for 'these three }asks, a dlstlnctlon betneen the
children's performaﬁces in the horlzontal.“gndfevertrca;‘_ﬁ
‘directions can befhhade as well as a comparison'hetﬁeen"f
'tasks; - | |

-

Partly successful matrlces scored for the pattern'

3 B . . A
g yln elthgr the horlzontal or. 1n the vertlcaledirect on. -Id

L - . o
.~ . °u. m‘-\ .

each of~the three tasks the horlzontal -dlrectlon had ‘more

i . . . .
! : . ‘ - . - . wpin

[
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>

TABLE 21
TEST P [ NUMERICAL: MATRIX: INTERPOLATE ]:

CATEGGRIZATION OF CORRECT RESPONSES

~ Ce o (N=100)
:::;.;-:::::=========:===::='=::=;_-==:d=‘========== Sx===sssss=s=s=ss=o=c
: : Yy Correct
) B © Completely Y Point)
Item_ = .~ Correct * . : . o [,
~ (2 pcints). With)Central  Peripheral
lumber ‘Numbers Only
#1 ¢ ¢S s 13
#2017 c 8 C24
- . o ‘ ' . . . o | | {t)}.'. | .
S T %
‘ #u v 7w 4 10 |
#s / . .6 4 3
' Y . -
. ' - —
Total - 7119 ~ 27 - 57
"===============‘=====:====='.#-f::::‘:’-:::’.=>====================_== :
N 3 N/ : e ) '. B
' Ay \‘
o ’ - } o
‘V . ' &
v : - %
v g; : s
. i ,_._\. - l

v ..-"
i Al |
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correct', .responseS‘ than‘ its..{verticai | ccuﬁterpart.'”
Furthermore,ﬂmore,patterns in t he 'verticai direction,.weree
noti_attehpted"'or finished eiceﬁt-iﬁ theﬂreverse task. The
difficﬁltyiexperiéhced?by'the”subjects in?the"reverse 'taSk

is hlghllghted by the number of items not completed Of'the
'p0551ble ‘SOC 'matrlces, 122 uere elther 1ncomp1ete of not

aftempteahaﬁipll., e

‘As was noted in the earlier discussion on the
‘order of’ difficulty, the children. tended to be more -
successful on the select tasks than on the other three tasks

L

with preset,respehses.

’ The categorlzatlon of the scorlng ‘and' incomplete
matrices for.the contlnue, reverse and select ta s is shown

~ in Table 22. e, Ty

- In Test‘eTv‘ethe children‘generated tvo matrices
Which were scored for pattern in the horlzontal and_tertical~

'LQ1rect1cns; Of the 200 90551ble matrlces,\109 successfully:

o

interlockedi llnear sequences; 'wlth a further 32 partlally

A : '

" successful. In 53 of ‘the matrlces, the patternlng went in
B, vw .

one 'directlon vonly wlth o attempt by the,suhjects to @

'7cohsider the\cther dfrectidh.' Of these,_12 ~ccntaihedv focr?'
indepehcent lineart secujzces, with the-ﬂther‘u1’matri¢es,
sharlng 96 llnear seghe;ces. Thgngh’four'childreh~ did \net

LA R

o&#“ e T -
N
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TABLE 22 | e PR
TEST Q [N:M:C], TEST R [N:#:R], AWD TEST S [N:M:S]:
o ' :;‘,,; i .\\A L . o 1" . & o T '
© CRTFGORIZATICN OF SCORING SND INCQ@PLETE MATRICES =  w Ty
. . \ o ' i“—" . AT g "?1""' v
' =:=:==:::'=f"==%‘a‘{:::::;:::: '._...__tit"=:::-—— ===F=:;.===i=== .

Y

‘ﬁaftiéal‘L Correct - 8

] '- R . . . " N . 4 }
Matrix  Horizontal Vertgcal |

TeSt_Q
[N:M:C]

v Incomplete:

165 :
Incomplete’. 45 . = . | | .
| o

IDCOEI(F]:@\?: "> . 93 X v

-Sccrihg

Sccring ‘

PR

Sccriﬁg4

202

Vaalh

~ i
,
J
. , ,
- kg
- o
o, o T
L . . .
R : S .
/\\ﬁf) . \\ \ . ) -
IR RN 1 _ : -
ST ! i
ST o
L T
: N A
3 N
\: Y 3
1 e L
i 3



attenpt\’the Asecond matrix, qmgere,wa%ﬁﬁo attempted matrlx
v % ' v
4uh1ch d1d nct contaln at least 2&9 correct linear sequence..,_r
L o Y S e

iy - - SR

Of the~ rmatrlces whch scored full ‘points “for

\ul

‘Lcontalnlng 1nterlock1ng sequences, 11 combined addends of 2

.. number in the“'top left hand Cell dlffered ln'ten‘of-them;.

'Another five of these matrlces had addends of 10 . one way:
with addendc of .7, S(twlce),’and.i(twf
‘other way.f i ™. remain1ng~three

'addeWQe of 2 and ‘6 s*art&gg at 105.,

one way with addends of 10 the other, though th%.'initiai~

Y @

+ respectively the:
o e A
. ‘one combined. :
i . , ¢
'.»J

T Q"oﬁ-_‘_ \ g;*éombinédis'k
‘forward and revérce Sj :ences of 2 statblng at. 2 ;”gand S10
° > : ‘ *; LN L ) . iom .
start;ng;at 6§. The latter matrlxﬂis represented below. e
00 B N . . ! RS- TN .o T D
* u'__ . ) ,. : .':‘ ' )" 5 :
cTTTTTTT PR S ] ) ™y
. b A 65 F 75 1.85 | 95 | 5
; . 1 i Ao .
) i f + x 0 )
T | R e _
1-55 t 65 | 75 I 85 | M (" J\\
‘v - | I D BT , v
T = . ' ¢
PR I R R | REE
oS ’ 55 | 65 .75 |- ,
K | o | R .
, ™ . :h_ Bt AIL { { % - » n
' : . | T I P -
o S 1351 45§ 55 65 |
o e S - - b w
| M- A | =1 | . PR
- 1 # P
o . , \‘
SN . ! . s
& + - - There were 63 matrlces whlch repeated the sdme'

type of relatlcnshlp in both dlrectlons, wlth a further\dﬁQ“‘<

» e
c

X /
- X . \
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o
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LR
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B 9 LA
|-
o
X .
L4 “-
. e
a
i
«
-
»
.-
L3
N
X
-
9
A"
- hY
——
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< -

“

. t
s . . =] “v . ‘ N

p rtially‘/ successful. 'Twenty;eigﬁt of the successful;"

[ -

matrlces were bassd on addends of 2 and ten based On addends

of 10 Hlth ‘a further two rever51ng the 10s patterns. :

: L . e .”,31 ”w _
v T L et T o - R - o
: Of the“remalnlng matrlces, seven featured ‘addends
. ma»wg& b k4

of 3& s;x addends of D four addends of 1K§ndwone each of us

L ' “u \ S : o RN

é;nd odd numpers. RRSES . : e ' J"’r

B Tf .
27 4 32 )
T
! .
v J

o

N
w!
3

-

4

— I S "Q N - 'Afr'. LT
Co o RT AE32:0 37 pauZ e .
S R AT OO et :
P+ 4 { - -
'H l : l : AJ : ‘ I ) v {’;x
" . é732 1"37 1 42 | 47 -
N VAR R AT I o

. f.-g | Wy- : N -
S F ’k ‘N . .
e Two of - the remalnlnq Gﬁr matrrces

r"
type of rélatlonshlp going both wayé cons;sted of

[

Hlth the s me

. . -
ac set out telow.- - '
- L
. .P' . . 1
. - R .Jk \
' o .
i U .

2.4

- \'. ~
— RN
Lo

multlp es
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; Y
doubllngQX”One of hlS mﬁ&r1Ces 1s‘presen§gitfelow. \EV“

i . . v
+ : I
' e | R T8
? - ~
. —Tr T“““Y-"—_j T
> ‘ l | | | ST
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~ {- I S | -l l e
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‘ 1371 61799012 TR S
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- | B I D | r - °
_I_“J’t 81121 16 ° , - .
‘ | | s o1 b . &
‘L“ ‘dj £ V'l,g Y :__l i ' ‘#u 7.
v thﬁe two 'm%ffices pﬁoduced “by one~ Chlld were based on
' -.'__; = . R

S oM w .
AT S ’ o . AR e
Y N LA .
“ - { - P -/
. “ \ o
: ¢ [ 22 . .
~ . - M o ’ 0 ‘
‘ o l e J ,,
D o I e " ,
;"l-ns ‘ l b A l ‘. ' ‘.
b 4
. | A T
I .
SERIENS ~4 e
. 1 .
. | I— -
gy R | B B - . .
- g I . .
1~ . 168 |
X ' L -, T
I - 4 . .
- _4 )A “‘. '
2
- ' There were®23 matrices involving addends'béSed on.”
fpur'¢copsecutive 'numbers. Addends of 10 or 2 31th varlous
startlng p01nts ‘Wwere used'ln 13 matrlces. TheJother addends
© were of '3 and of u wlth three ‘matrices featurlng bagkiards
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of this type is presented below.

[ ]
1]
- .
;>
e

»

mat

2
A,

.

Ui

L

s

£

v

ltiples based on

atrix

&

1

7ﬁhe‘one m

.
P

our consecutive °

o

]
' e

]

Py

lving mu

invo

-

o

| K,
K

L

nunbers is set out below.

¢ -

2 . R ..I-

to the fourth categofy of

bélonged

‘matrices

Twe

numnbers. -

-ning 16’ consecutive

successful matrices cor
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X

In addltlon to the partlally sucCessful matriCesjg

3
' v

whicn could 'be categorlzed accordlng to one of the four ‘

e &

tgpes dlscussed above, there were 15 matrlces ,thch' shoued"

- - P

. some" ‘eVJdent but dlsorderly attgmpt by the subjects to-

- produce interlocklng llnear sequences.”

“: 8
. W . .oE o .
e : g o .~ T

The categorlzatlon of the magflces wlth at least

w

e tasks has been condensed and discussed The our. generate'

"some ev1dence of pattern both ways is presented in’ Table 23% )
. e ,".' . . . R . “ ,45'. . ~ . .
3. ' _ Lo T - L Tk
o ﬁgggg;x*' In this i ,,,the cﬁildren 's .
g "f‘: ' q y - % : .
périirmance on thé tests used~' 'r-“the h grarchy -of 20 -
o . 5 g . R a

tasks were 'dealt wlth in depth while the error strategles.

T . _
' g connected wlth the tasks gaylng'opreset correct responseS'
v A * ~ . .
: ill be categorlzed in Chapter Ve o 0 i
‘ o ‘v . L. ; . . ’ . s . : -
v, ) 11 . » . ‘/; s ’ ) ]
R gorrelationsiggggé the_Types of Tasks
. MR . * T A . ! 1' Y ' .
L ' : Ty - B T : ‘
L ‘Bhe hlerarchy of pattern pr0%§£51ng tasks can- be
‘ r d1v1ded acqordxng to process, form and arranqement 1n order"

A

A
‘_\

K "'u.»~ w3y B
(H-f L2 9

to ;ook dfor st51b1e relatlonshlps .Hlthln the matrzx of

"“tas S....

e

1 .

uhen the four 1nterpolate Jftasks are considered,

moderate- ccrrelatlcns"of Qﬂf‘and 46 (§<s01) are seen f@j

T

. e ' : b L - ’ : ) : -
N vac ' ' . Lo N

S . . . . . I
. R , . - L, e . . R . .

T
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| | ” ; TABLE 23 = . TEDE O

'IEST T [GEOMETRIC:MATRIX: GENER&‘E)‘ N & -

CATEGOR IZATION OF% RING MATRLCES

: ' § o o T Partlally
S L R o ‘ 'Successf01' , Sucqessfg},

S L . S e . - . R . e

“” Doubllng ’.‘“l ‘{ e 0. RN

v, ‘ - . . N

Same pattern Hbth #ays . “_ '63. R 5"
. S A LY e - C
Based L . T 24 : 3
L ﬂ . . - - : » - .4 .. e B
A -Invo, ng‘multlples ’ 2 o 3

v 2

u  Involving doubling - o -g3§ 2 ' ‘ s 2

MUJ:.tiples'based‘pn 15 . i,n,' 1 f o

i - B N ke » o < . {,é{
£ . ’ . " o q»}r@ N G B
Consecutive rumbers o 2 - : o 0 :
Disorderly attempts .at "‘\ . - T 15
- two directions e L
. - . N
- One_Direction L, -2 . T4 ,
o e T Lo : . - . N \ . . N
- Total. 1 Y 1123 73
z - — —
“._ . PR c ..
: H’\, . e Y .l - ) . ‘ -
) . :-.fh,_- e . Grang;Total 196 .
T . . - . . . . e . 5
=::::::E::::::::::='===::::::::;=====================:==."]‘_'====.
v' 5 !
o, -
T
- . _) . e
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»f[N M I] réSpectively and 'a low correlation of .

' betwee& Test K [N L:I]} and Test F [G M'&] Test F als

i

;; geometrlc taeks #

Sy
e !
"

.‘exisr:%etueen,Test K [N:L:I] and Tests A

[EIRER

<9

a - ‘}ov correlatlon of .23 (p< 05) with Test . A [ G: L~I] Test

P's numgg}cal matrlx task seems isolated from elther of - the
: ! -

1
R Ao N
o : t R : ' . . . .
3 i - . L X ) ‘. ’
. o - e Ly ¢ ’ » ° a . . . . i
i uﬂ} - s - - S
o

R When. thé four , continue ‘%asks are considered,
. . .

moderate cdrrelatlon of‘_uﬁ (p< 01)‘! pears between the two

:hnumerlcai tasks (N ch and N M C). Low correlatlons of .20

c:

: ‘,v

(p< 05) exlst between the three pairs 1nvo%y1ng ‘the“‘%wo

geometrle‘ tasksu_and the numerlcal llnear. ¢~51m11ar low

L )

correlatlon (r-.21, p< 05) appears between théijgeometrlc

lgnear and ‘the¢ numerlcal "matrlx‘ tasks.’ The correlatlon{

RS

’ between the tuo_matrlx tasks (G H C 3and, N M: C) does ﬁot

‘sigﬂificance (p<;01) wlth coeff1c1ents ranglng from .26 for

L) " - P ‘&. ol G Y
reach 51gnx§1cance (p2 OS)g{V . S L
[ . .

y
% In  'the select group, . the two forms and

arrangements .intercorrelate at a. moderate’ level ; of .

e !

J“ the two geometri¢c tasks. to .51 for the two numerlcal tasks. -

The two':correiations aamong.‘the reverse tasks are borh
: £ 1

moderate. The twe llnear tasksvvcdrreiate"at‘ .26 (p<.01) K

with a u7 coeff1c1en+ (p<.07) for’ the two numerlcal tasks.w

K : . *

Among the generate tasks,,the“tue geometric (G;L:G

v e

. s . EN . . . .
) . . - ', n'v Kl . - !
L - v ‘ e e s . .
. N . DR - L
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~and ,GQM:G) .and the two numerlcal tasks (N:L:G and N:M: G)

w
‘ '171
L)

haVe'corre%aéacns of .38 and 29 (p<. 01) respectively, -with

Y

a’ .20 (p<.CS) correlatiOn‘for.the two "linear tasks and .30

w?

(p<.01) for‘the'tuo matrix tasks. _Although . the “Geometric:
Matrix task correlates with the Numefmcal Llnear task at
fgf )

39 (p< 01), the parallel palrlng of Geometrlc- Linear and

Numerical: Matrix does fnct reach,.a_srgnificant level of:
. ' - . R e
relationship._ , ' B %
o Lo g ﬂ.m
20 tasks grouped #

I

i R : e s ’ P

=3

N ¥ well as the d1v1510n of the tasks accordlng to -

» T
-process, arrangement as 11near or matrlx can form -8, ba51s
for further comparlson. ‘Two geometrlc tasks, G: L:s and ,n
G:M: Grfrelate significantly (p<. 01) to each of the ' numerlcal_

-

) -
tasks qﬁgthe - same arrangement .As well' the ‘Geometrlc:_

;Sélectu nask correlates 51gn1f1cant1y wlth all the numerlcal'

y = n,,) '
tasks, except the 1nterpolate,‘1n,[the" matrlx_ arrangement.

[ : o . , .
;;Theﬂ task.~relat1ng least '1s the» Leverse task in ‘“each

'and". (p< 05) between geometr;c .reverse-and numericali

.'accordinggto.arrangement are set out in- Table 25.

arrangement with .26 (p< 1) betueen the two_rlinear tasks

. .on .
select in the matrlx arrgngement. :

i e . B , ) :.4:;:'

The correlations hetween the 20 tasks g#ouped

3
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' ol
O ‘ A TABLE 24 i
. ‘CCFRELATIONS BETWEEN THE TASKS GRGA
T f 0 ACCORDING TO PROCESS -
= (v=100) - ’
"::::::::::::===============:=;‘:‘L;"#"‘==========================
e
. Interpolate g o "'<;v CBntinue"
o G:L  G:M N:L  NiM . GiL GiM N:L  N:M
L ) . P . L B
N , \ L o
}q,:u $23%  u4sx 17 G:L| £20%  ,20%  ,21%
7o « | o
/GiM| . 22% .05 G:M| #20% .19
! 'f;‘p -ty L
N:L| 4 E%* N:L| L uBEx
) l ¢ '§r~ ' " B l '
N:M| PR S . N:M|
B £ \ ]
. Reverse Select
N:L N:M ' G:L G:M N:L N:M
- 'Zl' r -
. ' R . A o tL
.26%%x - 03 GiLl .26%% 37%%x  2g%x
- '. . : . . ' ’ . N . . .
016 ’ '08 .-_,. G:M ’ -ao** .u“**
, a7 N:Ly - .51
o ) - l +* .
, . o
: N:M|
‘ . Generate | BURTRE R
.i‘ . . . " € ) I.
© GiL G:M  N:L'  N:m ) ,
. ' ) 1-; ; . . ‘@ . “."v
G:L| ~3B%% ,20% . 17 . SR
o " < . .‘“ . e .
Gafl 0 L39%% ,30%% .
0 X : . L N
N:I;l . - . .29**
N:Mp . - S T I

> ~J

*#Significant at the .01 level of probability =¥
*Significant at %the .05 level of,proggbi;ity. >
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COFRELATIONS BETWEEN THE TASKS GROUPED -

TABLE -25 .-

o _ ACCORDING TO ARRANGEMENT.

'(u=100y R

- .
< -
v oo
Y
BRE PR
N
1
o ‘
-~ 4

- .09.

.09 .ol

CL23% T 12 31

{ o

.Z0% ua1jégwAﬁu6*#

= -
AR » 2

S07 L L26%% b, 374
N o % 'lb T X
q‘

PR ¢

A
.09 7 .38

S« 23%
CL22%

.06 - .~. ’
" .

' 021* . ?
e e

. G:M:G

LL29%% 15 W A

G:#iC_ G3yM:R .G:M:S

It

P

4

: _ T
19 TU16 T o38ek

.20% .08  -{.38**

<

"N

31 L21% L 41ks

~/ 18 .08 L2ux

.35%%

L 29%%
S gi**,‘ﬂ&
. N ) Y

bz o

IS

. 30%%

© .~ - *significan

(W

- *#significantlat the .01 1evdl of probabilify * =
. t at the .05 level ¥ e
L - ==;==:==:==:ﬁ::::=:_:'_‘====é:::::::::::'—.—::::::::s:======:;=:===
4 TTETTTEEEEERS SEmESSsEaTEssEsesss TS
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.

of probabili

-
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- ' When the 20 tasks are grouped accordlng to form,

w

“that is gecmetrlc 'and numerlcal moderate correlat
%irs

.‘(p< 01) with the matrlx interpolate, reverse.'and wge:

3

(p<.01) betueen all four tasks with preset corFect ans

'appear in the numerlcal form. As well the 11n67§ genl

'task 'haS‘ correlatlons of .28 (p< O1), .20 {p<. 05) a'ui.

: v . S T
tasks respechively. . The llnear select select, ~wtask

e v'%
correlates at’ hkeﬁ-ZS Ievel (p< 01) Hlth thg matrlx”gggerate
_“ - B

ol . e
task. 3,7 o Lo
o -F'Tkﬁku B S * W% e W N
® @ : N \ S D o e e T ,,;.‘» .
o - Amongqthfisyjﬁ'”'px ghe matrlx generate

s'tasks correlate (r-.20 -to .38) Hlth all the llnear t%sks

except the reverse task which: corr es at the «27 levelf
(p<u01) wlth theumatrixcﬂgﬁﬁspélatggi::k The matrlx seﬂect

task correlates !}th fhe llnear contlnue (r-‘33 p< 01) Lnd-\

A ) \ 4
select (r—.26, p< 01)41tasks. \The' re alnlng 51gnlflcan¢
~correlat10ns -.23; p{ 05) occur betueen the four
‘vinterpolate'and'contiuu_ tasks in’ both fbrmso ff. -
o . .Y . "’ “)' Y : [ .J
;o 3 }k The.: correlatlons between the 20-»ta$ks"§roupedf_
Sy A L e n
accordlng t! f%fm are set out in Table 26 R e
. 0 _ [P D R g"'}’d o . _;-
| . | f‘ . WY
: \\ ' w ’
- B 0 -' . ) )
' : ]
|
- R ~ N ’
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TABLE 26 - S -
. ' COFRELATIONS BETWEEN THE TASKS GROUPED:, -

- “f"

ie

SN, L

. . GEOMETRIC -
G:L:I . G:L:C  G:L:R

- e B ¢

BT

o

L
. ) MR
G:M:I ':!. .‘:23* v.zz*’ .

o
S27H%

o

 .10-4.

iy L N . e
.o . - .

'Q?f. A7

2% .20%

TR
ﬂ%pklw‘ni

[ ' [ :
|

.19 -

Cu33%x 18
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NUMERICAML - -
R ) oo - o }
o o / o
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5 ik Saeebe S
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. \“‘ a 1

.0,
ar

1150 9 e T a5k Do

—

—_—— i e
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e s - R

‘ **significaht‘ét fhe_,OT\lévél'df probab'lity-; .‘4‘f. 
_*Significant‘atAthe&.Oﬁﬂlevpl of probability. - = ° -
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pattern processingitasks, as ,_uell as’ the 's%x- Plagetlan"

ir)

- -.(_

L Classes, ‘Test E [G L: C] 3nd Test K [N 1,-13

<

- B - ¢
.'.\' . l‘k - \ ..
el L .
e . ¥ 176
3 o f \
Y ,
»' : 1 . ‘ . - . » ' . T g
Egssgp_ﬂz.a_;x sl .o SR - “ﬁ“'
‘ , v - S . [ : Sy

- B e &“

""x -uas calculated for the 20

v .. A /correlation npat
w

14 %

taski’; Ma‘tbematics-' "ach'ievem‘ent and 1ntelligence subtests

‘~alon <ﬁ1th age and nuwber knoéledge vere 1ncluded qs @arker
varlables._, & A ._'_ . .
:‘ ‘ R ’ - . . ‘4 .
* wd?i; ,”3”1 : \3‘.‘. %‘ - . y
A Y
R The correlatlog ‘haﬂrix for the ?3 varrables was"

subjected ‘to' Prlnc1pa1 Gomponent factor analy51s,\ the

A m‘_ - oo
factors .extracfed benng rotated by Varlmax.to approxlmate

“
1

\,;

orthogonal slmple structure. Although there were' "11,

@

. . g},»
Elgenv?&ues equal to or. greatez: »than ,.OCO, the cho:Lce o.f =

3

seve,n *qfactorL seemed tB prov:.de ef'“ most meunlgngul

K} . S . \.« ) . i | o
o anterpretatlon. St ey R booa S
. | Th"e',' m:.n:unumA loadlng tfo;&i 1nclus:Lon 1n a ‘ rlnc:vpal
B A T :
O component wac '°“.,°r’ 'a llmltg %ccepted by Kerl:mg'r i’ (196'-}

P 65u) v Ail the_var:.ables, met thls cx::Lter_' n:

Adda.tlve Conposn:10n of Classes whlch had, a load"ng o = A°39o5

00 . ,I;, \—_——r\v_

on. "the'\' ' second factor. o Flve of the ,/' varia, les, v verbal1 -

7

, V
L lsO or more cn’ two factors. ‘ «a -

s - . 4 - "-,‘ X o - VoL
E- . : . . e . LT P , o

«

9, e - The 'communa:livt;ies f,oun‘df@émo"n'g\ -the -~ 7 fvac;‘.or's_.':
S o o B S - . N

AT
RN

1nte111gehce, the Barns Task nultlpllcaplve C" mposxtlon‘ 0.
‘ / A

Je‘xceptf» )=



FEI

<

the Pattern Proce551hg Test wi

177
aCCOUnﬁed for. 58,1 pe? cent of the total zarlance ex1st1ng

! , C
among the 33 Varlables.‘

The facforS'ariéinb -from the factorlal treatpeut

of +he 33 varlables are presented . in Table 27

AN
5

Factor I, whlch accounted
‘ /

total common variance, contains the/
}

or'33.2’per cent of the
ight numerica) tasks of
' preset correct* answers,

Thelr loadlngs ngnged from .SUS to .758. Included also was

¢ ‘Y

’Gepmetr1C° lrnear:vSelect wlth a loadlng of .089 Moderate

‘to high loadings appeared iﬂ the four - marker variables

measured by standardlzed tests. Mathematics” achlevement is

Iepresented Ly Hathematlcal Concepts with a loadlng of .685

and Problem 501v1ng with .736.. Thg loadings on verbal and

nonverbal 1ntelllgence are «535 .and .625, respectlvely.

4 The first. factor, identified - as Numerical

Pacility, appears to be 'Sphooling based. Current

facts  rather than- spatial relations. The mathematics

e

se%%ionsi of the Canadian Test of Basic Skills are also

inclined +to emphasize numeriéal knowledge, According to

‘Tittle (Burocs, 1972), "the Lorge-Thorndike IQ*'s .Correlate

v

"“moderately to  fairly highly with school achievement.

ra

&
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#1

#2
*3
#4
#5
- #6
*7

#8 -

*#9

, #10

#11

#12

#13
#14
*#15
#16

#17

#18
¥19

. %20

#21
#22

#23 .
#24

#25
426
#27
%28
#29
#37
#31

#32
#33

— VARIABLES

Sex -
Mathematical Concepts
Prcblem Solving
Number Knowledge

Age

.Verbéi Intelligence
‘Ncnverbal Intelligence ;!

P

Number Conservation: Linear Correspondence
o » €ircular Correspondence
Area Conservation: Barns Task E

: Transformed Triangles Task
Multiplicative Composition of Classes
Additive Composition of Classes
Gecmetric: Linear: Interpolate
Gecmetric: Linear: Continue
Gecmetric: Linear: Reverse
Gecmetric: Linear: Select

' Gecmetric: Linear! Generate

Gecmetric: Matrix: Interpolate
Gecmetric:-Matrix: Continue
Gecmetric: Matrix: Reverse
Gecmetric: Matrix: Select

- Gecmetric: Matrix: Generate

Nuwerical: Linear: Interpolate
Numerical: Linear: Continue
Numerical: Linear: Reverse
Numerical: Linear: Select

- Numerical: Linear: Generate

Numerical: Matrix: Interpolate
Numerical: Matrix: Continue
Numerical: Matrix: Reverse
Numerical: Matrix: Select
Numerical: Matrix: Generate

' ¢ . - e

179
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(p.686) . The“test of number knoyledgemxASAStrictly factual
< . : .

in nature.

A

Fnrther\supportw for‘.thgf destription of this

factor as school1ng based coues from the simllarlty between
the format of the standaralzed tests and the select tasks of
the Pattern Proce<51ng Test. ‘ All Vaxe' multlpﬁ choice ‘in
"arrangement, a testing procedure coﬁmonly experlenced by the

L B

chlldren in standardized readlng and other tests out51de the

study. : The 'only geometf\c\task w1th suff1c1ent loadlng on‘

'

this factor was Geonetric- Llnear- Select, vhile then

'remainlng =elect task 1n the geonetrlc matrix arrangement

'had a loadlng of .356 which 1s approach;ng the crlterlon of

.40, .
, Y

Factor II, which appears to be a conservatlon :

factor, contalned the four Piagetian conservatlon tasks with

loadlngs ranglng from u13 for the Barns Task to .855 for
<0 _

the Linear Correspondence Task A variable that justlfailed

to meet  the crlterlon vas Addltlve Conpositlon of ClasSes
with a load1ng of .395 The common feature of this &na the
ccnservation» ‘tasks isj the»unotion .0of logical 'neoessity
clained by,éiaget{asra indication of concrete‘ operagional

etninking. t\\ ; o : SR 3

The - five geometric tagxs froms the Pattern

. .
=, ’ H

4
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. 4 . .
Ptqcessing‘Test whichfixﬂe—eﬁére?tor“l;i*—vith“5Ioedih?si”of
L U17 _te‘ . 677 rquiged the' subjects tto supply their own
ansvers even though their 'correctﬁess was predetermined.

Four of the tasks were blinear in atrengeneht, the fifth

- belng Geometticy uatrix: Interpolate. This latter \task
seems +to have no spec1a1 connection Hlth the linear tasks,
except that chronclogically it came next in the - testing

o program. The geouetrlc 11near task not\indluded (loadiﬂg of
. .325) ‘'was ‘the .multiple choice select task which had a
& o : I
loading of .489 on Factor I.

. , o : e 4
The other variable which 1loaded sufficiently on.

this factor was Hultiplicative Coeposition of Classes. 1Its

ccgnectlon tc the geometr1c tasks lay be the spatial nathre

of the plastxc square- "and c1rcu1ar b*ocks used in the
' C. Y 7X L
tEStlng sxtuatlon for the classzfxcatlon task.

f

v. Al

3

The thlrd factor may be regarded, therefore, as a
Geometric llnear factor because ‘of the predominance of thlS

ppﬁ o
type of task in the loadlngs.

Pactor IV gquite distinctly involves pattern
© genération as the four - generate tasks off"the Pattern
Processing Test are the only ones whose loadings of .475 .to

" 675 are ' greater than the criterion. 'Sex“seels to pley an

important tole in this factor.. Because girlsgyere “labelled



Ly

' preset correct ansvers is ap

- 182

1 as against 2 for the.boys for statis,mcel purposes, the

"~ negative loading of -0 563 indicates that belng a ‘girl was

related to the successful generatid of patterns as assessed

in this study.

3

the Pattern Processing Test,

with "loadings of ".724, - J734. a .560 respectively. The

2

P ™

N
.Factor V contained thrde geometric natri’/:;sks of

Continue, reverse and select,"

loading of .384 ‘on the other geometric matrix task with

factor, therefore, may . be| ideneified as geohetric matrix

patterning.

e
. -

Factor vi- contalned tuo varlables neltherﬁof which

1

belongsgto'the Pattern Proce551ng Test. Already 1oaded on

criterion. This

Féctor Iy verbal 1ntelllgence has a loading of 5“3 on the

flftﬁffactor while age. has.a negatlve\ loadlng of -0.806.

- -0.379, an indicatlon that being a g1r1 vas inclined to

1nf1uence the 11ke1y verbal 1nte genCe score. This factor

seems to be specxfically verbal inf@lligence modlfled by age

and sex. . ’

Factor VII:is a coihinatfdn of ‘a conservation

.Another demograph;c varlable, sex. has a negative loadlng of

s
-task, a c1a=51f1cat10n task &nd a nuner1ca1 linear task HlthA

1oadlngs of .629, .a72 and .QOS. ,Nulber knowledge also-

&

3y



. enters this- factor because of its loading of .399. At first

. B , . ) ) 'Y
there seeéns to be no obvious commonality to explain the

task involves a part—whole relationshlp. In the Barns Task

\

the total area of each fleld is juxtaposed to partlally

@

- occupiead _ SFace, Hultipllcatlve . Compos;tlon ' requlred

reorganizaticn of ‘the parts of: the whole set of plastic

blocks. The numerical linear 1nterpolate task -1ncorporates
the pattern proces of filling a gap 4n order to complete a

sequende whose term1na1 p01nts are- predetermlned However,

‘the other interpolate _tasks have "lov loadings on this

factor. The number knouledge‘test 'may be regarded. is a

"filling the gap"' exercise beCause of the physical

'arrangement of the response sheet/ Each' sequence required

5 % ) .
the children to supply a number_ln a serles of ten colllnear
cells. o o ) I ‘ dg

. . s KA ’
e o T e
N U - ' ,

3y
Y
LR

=trength of this concept: 1n the tvo Plagetian tasks supports
;-

the descrlptlon of Factor YII as %he ablllty to operate vlth

+this relatlonshlp.

& .
. ‘
9

Su arys A factor ana%ysis gt the 20 tasks of the

&

Pattern Processzng Test along vath other varlables actlng as.

L]
. be described as .

' L 18

4

relationShip. chever; there is orne common feature. Each‘:

13

4 | Although . the 'tidi'nuiericil tasks bear only , |
’ S 5 .
perlpherlcally ugon the part-whole relat10nsh1p,<:itﬁe//
, ) "
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Patterning.

. . o : 184

1 Numerical facility'
IT Conservation K ' -
I}I' Geocmetric Lineér Patterning
If éattern Generatich
'v Geoméfric Matrix Patterning
' L Vertal Intelligenée
VII  Part-whole Relations R N

‘ -

4

hesis_1. There is no simple structure derlvable from
de three pupils* ability to
a. 1nterpolate, ' ' . ,
\Q§\ dinue, , o :
seledt, and . . '
e. generate ’ ' ‘
geometric and numerical patterns when set in linear and

matrix arrangement. : o
. !

When thqs childrén's scores 'dn_ ‘the Pattern

4

Proce551ng Test along wvith other v&tlables actlng as markers

‘werg 'subjected to factor analysis, seven factors appeared,

Two of'these, II Conserva}}dn and - VI Verbal Intelligeﬁce,

were independent of the pattern processing tasks, while the
presence of a rattern task in. Factor -VII, Part-Whole

Relations, was- minor. Grouping of the Pattern-Ptocesging

!

Test by form and arrangement was the focus of Factor III,

Geometric ~linear Patterning,lahd Factor V, Gedmétric Matrix

.

9

[ g €

©~ The alignment of the numerical tasks within Factor

- J
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'I, labelled as Number Facility, emphasized the groupipg of

the tasks according to form dnd arrangement rather than to

3

the variables loading on ¥actor IV, Pattern generation,

which had significant loadings from the four genera;e tasks

~and no other variables.
cd

"Hypothesis 1 must therefore be rejected on the

grounds that all the pattérn processing tasks signifiéantly
Qi ‘ .
load on factors which group the variables according to form

and arrangement, and in one case to process.

° d

o . : . . 6
¥ T _
IT. PATTERN PROCESSING ABILITY AND CONSERVATION »

>

»

LR

aspeéts, linear correspbndence and'circular co:iespondence.
The . two éonservation of area sifuatfons involved the
traditional Barns vTask and the Transformed Triangles Task.
| i{_ihsé be emphasized that the results and ‘relati6nship§

derived from the results apply specifidally,tb Grade thfee

children for vhom certain Piagetian operafions may have been

established for scme tinme. significant relationships of a.

differeht'kind,may have appeared if the sample had consisted

, of yéunger children. ’ =

process. A process, however, was the common cogfponent of.

Conservation of number was - investigated in two
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"Results of the Tests
' . A

Of the \100 children -in the sample, 83 were
categorized as’ conservers of number on the Linear
Correépondende‘“Task, vith 90 on the Circular“Cbrrespondence )
‘Task. There were 82-children wvho were categorized
conservers - cn both tasks; The numYer of nonconservers was
12 for the linear taek,:s for the c1rcniar‘task and 6 for
both tasks taken together. o — | | | ‘

‘ | ‘A

The conservatlon of area 1nvest1gat1bn resulted in
77 chlldren teing categorlzed as conservers on. the Barns‘
Task, 70 on the Transformed Trlangles Task and 61 on both
tasks taken together. . The number of nogqonserversvvas 23
for the B;rns Task,_23.for the Tr?nsforned Triangies Task
and 4 for both tasks taken together. \

. : . -
.Hhen tﬁe four conservatlon tasks vere considered
as a’ sindle teet, there were 55f Aconservers‘ and 4
ncnoonservers; The conservere, ‘partial conservérs and
nonconservers‘.for each of the conservation -tasks are
enumerated in Table 28. | - .

I

-4

.Rationalizations expressed by the conservers of
number focussed mainly on the _phy51cal ~ correspondence

'betveen the two sets of ‘ objects prior to any
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" Y TABLE 28
N :}{‘{: : ,
c U . u
IBURION OF SCORES ON THE ’
Mo . R CONSERVATION TASKS
’ (N=100)
) ) T Partial  Non-
* ’ Conservers Conservers Conservers
Consei:atlon of Number: : . !
Linear Correspordence ° 83 5 12
A —_ : : '
Circular Cecrresgondence 90 4 K 6
_Both Tasks | 82 12 6
Q’\
Conservation of Area: . - »
Barns Task - . 77 0 © 23
—\V . . : N ¢ i . ’ . R L - "
Transforned Triangles Task 70 7 . © 23
Both Tasks / 61 35 SR
! ( ’ 'T- W V
; B _ “y *®
- Conservation of Both i e
e e _ . 6 o 40 - _ 4
Number andMijsy/ ' _ v
e S cm===x =

- — e = —
—————.———_—.—..-.—-_——-———-—————-—-—-——-—,-—--_.-——_—-———_———-—_--——-



transfor@at;cns.

Some

‘They vwere the same when they vere 1lined

up- ~ N

When we started there were as many green
animals as purple animals.,

.
'

Same at the beginning, .

They¥re equal. = I noticed when you lined
them ug, you could plainly’' see that
there were as many circles as there were
squares. ' *

conservers were more concerned with the

transformations. »

\

A1l you're doing is spreading them out
o ~ . ‘

and putting them gether.

Each of the green animals had ,a purple
apimal ahd you've moved them around and

they're the same still. .

actual

A few conservers noted that nothing had been removed.

You didn*'t take any avay and it was. the f

[

sape to start with. . . -
As long as you don't take any away.

When ' we started we had the same and you

never’ took any away and you never put .

any in ‘so they are still the sanme.

) : S : S i
Because ,at the 'very beginning they were
both-the same and you "never  too any
awvay. R : ‘

The partial conservers'lacked firm coﬁintions.

Py

e

e

I don't know. . 3

1o
TheseAgpqrple animals) dre a bigger pile K
- -and these [green animals] are not very :
" ManY, e Oh, ‘they're  probably the
same. : ’ : ~
o ST ,
Bl

188
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The ncnconservers. focussed on - the perceptual
differences‘ . between the original and = transformed

arrangements of the twb .sets 6f objects in each task.

{ The squares are more] ‘because they are
stacked in a px~e.-

‘These are in plle and there are a fep
purple animals and .there ~are lots of

green animals.

~ v

Yy It looks more.-

. 4

’ ' rd . '
- i+ The cate§orization of the chlldren's* ratlon-
alizations for  the Barns'(Task ‘tends to support the

‘contentlon that this task is perhaps measurlng conservatlon.'

of number fecr. sone chlldren. Of the 77 chlldren classed as

"

conservers, n gave spat1a1 rationallzatlons such as e

Hlne are in a row and they're spread out
but they're hoth’the same. Same space.; R

'You'gust put in an equal amount of barns

' - and they are the same size. S,
They both have as much bloqks and cover® é
ur as much grass. o ?

. / s
. Because' the barns are fhe same szze and - #
\ -'they take up the same Space. .’ ' ('ﬁc' ~

o

On. the other hand 22 chlldren expressed clearly. numerical
ratlonal;zatlons. N

- Because. there are the same number of .
blocks cn each. . ' a T ' . e

Because you added one barn to each -side,
each time. 5 , :
- . ,>_ . L
These are in a \llne,‘ but these are
scattered = but there is the same numper
. v
/

RY
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Lt ‘ ; . . 1 9 O

.\V/gﬁ barms. ‘s ?. | \‘

Eltheen chlldren referred  to the 'ﬂsame amount" wlthoutv

” distinguishing either a spatial or numerlcal relationship.
-2 further six chil%ren expressed ratlonallzatlons which

" could not be clearly categorlzed as spat1a1 or numer1cal

‘. B R . I »
|

J n o .

.Inis -the _ Transformid Triangles Task®~ ‘the
ratlonallzatlons exrressed hy ‘the children"were cIearly
spatlal and focussed .on - the 1nitia1v equivalence of tme
blocks witﬁqtﬁe.tranSfdrmations Iscmetimes emphasized; for
example,-
- ' Because‘they;re all the .same’ size,

Both are halves and can never be blgger

- because each .half is equal, because éach
. shape 1= equal. .

Because {ou showed me they wvere the same -
- they still are, but you just moved

then arcund

You can also make them into a square and-
thby're still the same.

Because they all make square5°and they' ‘ .
were the same size 1n the begznnlng. . Lo

‘You just changed it around so it nmust
have as much. , . T - 7

4
-

o Partial ’conservers tended to .change their%minds.

One dirl clalmed the square has,'larger than the two

trlanglee maklngnup the larger trlangle because it was "more

sguarey than that 'one."~ Later shei stated that the two

.
¢ @ . a
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‘transformed triangles had the "same lawns and stuff" as the

two rearranged rectangles. 1A boy who nalntained that there

was "more in this one [ the transformed trlangles]" later

ratlonallzed the egulvalence of the transformed trlangles by
saylng “because that take up the sanme space.
Another boy uho earller dlsclalmed equivalence --

Because it's ulder along here, because
. it looks like nore -
v W i
later stated , : 4
5 y ~ ¢ 2

fou ust have to put this here and
they re all the sanme 51ze, a square.

(8

By contrast, a g1r1 who seemed to recognlze the equlvalence_

&

s

[
Y
P

-

after a numher of rearrangements later argued

I pictured in mz mind that this is a
-triangle and the middle part is missing

* and so this [the rearranged ~rectangle]
must be bigger. ‘

S

l

Nonconservers tended to focus on the length of the

‘ ‘ .
rearranged- shapes.

- [ The - trlangles are hlgger] because the
ends are stlcklng out and® makes more

rccm.

Minets widet [the square-"larger"] and~
yours [rearrauged - ' rectangles} is
sklnnler.

' MThlS one's shorter and this one's longer

, [the rearranged trlangles—"larger"]

It's [transformed trlangles] blgger -and -
wider. “ .

a

Because it's longer. than the'square,

-~ o
- 3
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It's [trahsformed triangles)] sorta got
mere rocm (pointing to the apex) .

Becguse.it's big [transformed trianfles]
and this [ rearranged rectangles] looks

so small. ‘
EThe square] is shorter than this one
rearranged rectangles-"larger"].

Correlations_between the Tasks

—— s e —— —

i

1

| All the_ cofrelations between the} conservation
téské wefe significant. The two'numbér‘corréspondence fasks
correlated af .69 (p<.01); The "‘Linear Co;respohdencé Task
had correlations‘of .40 ané-.38 (p<.01)vwi§h.the,Barn§ Task
and the Transformed Triangles Task,lrespectivély,'while the
correlations bétween Fhe Circular Correspodenée Task and the
Bérns Hand Traisformed.Triangles_Tasks wefe «25 (p<;05) and
.36 (p<.01), reépectiQely. 1 |

Tﬁe correlation of .33 (p<.01) occurring bétweeh-
the Barns Task and the Transfqued,T;ianglgs Tésk is‘the‘
second lowéstﬂamopg the conserv&tion taéks, and so suppogts
thé ﬂdoqbt that ‘the Barns"Tésk is alvays tégting area

- conservation. o

'

, . , , _
The correlations: between the conservation of

number and area tasks are shown in Table 29. '

.
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TABLE 29
CORRELATICNS BETHEFN‘THE CONSERVATION TASKS
(N=100)
===========::::::============================== 2+ 1+ 5 3-5 3 X F ¥
Numerical Correspondence © Transformed
v ' ‘ Barns Triangles
Lirnear - Circular ° Ta sk Task
r---- " - . -
l " /
Linear I , . o
Corresp- | «69% % «40%xx% «38%%
cndence |
‘ {
Circular | o
Corresp- | .25% - e 36%%
ondence” |
| r
- Barns { ‘
Task | o ' v ' «33%x
G
Transformed|
Triangles | SN B N
Task | : ) )
; | ’ v . .

**Significant af-the“.O] level of probability
*Significant at the .05 level of probability

e T T T e o e e s o i i = e e = > W —




"Hypothesis 2 There are no significa t correlations between

194

Grade three Eupils® ability to
a. interpolate, Y
b. continue,
€. reverse,
d. select, and
€. generate

geometric and numerical patterns, .and their - ———Ilty to
" 'conserve ' ‘ o

a. number, and
b. area.

i

< - When the Pearson Product Moment correlations

‘between the Fattern Proce551ng Test .and the conservation

tasks were- calculated Conservation of Number in - -either the

11near or c1rcular correspondence aspects did not correlate

51gn1f1cantly with any of the 20 pattern proce551ng tas§

for Grade three pupils.’ Hypothe51s 2 nmust therefore be
. \

accepted with regard: to the children s ability to conserVe

number.

The only significant correlation inVOIVing the
'Barns- Task. occurred at the «29 level (p< 01) with Test K

[N:L:17. B

C Because the Barns Task has connotations of number

conservation, the: Transformed\irlangles Task is regarded as'

the means of measuring conservation of area within 3this

section of the study.\

Tne _Transformed_Triangles Task correlated witﬁ 13
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Y

of the pattern tasks. The .01 ‘level of probabillty uas
reached with Gecmetrlc' Llnear° Select, Geometric: Hatrix'~
Reverse and Generate, and Numerical° Linear-, Interpolate.
The .05 level of probabllity vas reached vdth_Geometric:'
"Linear- Interpolate, Geometrlc- Matrix: Select,.;Nuuericalf
Linear: Continue, Reverse and Generate, and tne“ four
nunerical matrlx tasks Vlth preset correct answers. ‘-No

connon relatlonshlp seems evldent 1n§the partlcular tasks

which contrlhuted to 51gn1f1cant correlatlons.
L

.Hypothesis 2 is'rejected for 13"of “the pattern
? “tasks uith regard to.the Grade three chlldren s ablllty to
| conserve area, and is accepted for the remalnlng seven
.tasks, Geometrlc- Linear: Continue, Reverse and Generate,
Geometrlc- Hatr;x: Interpolate and Contlnue, Nunerlcal°

' .Linear: Interpolate and Numer;ca1~ Hatrlx- Generate.

‘\ﬁ ’ : The correIatlons betveen the Pattern:Processing

\‘ . Test and the four conservatlon tasks are shown in Tabie 30.

v

IIT. PATTERN PROCESSING ABILITY AND CLASSIFICATION.

Two claSsification' skillS‘ vere '1nwestlgated in
this 'study, Addltlve Composition of Classes by a versi 31 of
the cla551c Hoodon Beads test and nultlpllcatlve Comp051tion
of Classes using c1rc1es and Squares in tvo colours.

| @," LT
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TABLE 30 . \
, : : o \
CQPRELAIICNS BETWEEN THE PATTERN PROCESSING.TEST
AND THE CONSERVATION TASKS . ‘{'
(=100 T T
Numerical Correspondence : Transformed .
e ' , Barns Triangles
Linear Circular .~ Task Task

‘G:L:I -0J03 " .05 . .12 L .22=
G:LicC } .08 .03 .02 17 v
G:L:R ST .02 .05 T .06 . .09
G:L:s .09 - .08 .02 e 29 %%
G:L:6G -0.14 - ~0.19 =0.06 . .08
G:L:I .04 . - .09 . .=0.05 .13

" GiM:C .04 . =0.01 - ) 22% <15
G:M:R~ ~ <07 .12 .20 .+ 28%x
G:M:S , .09 -0.02 <10 «23%
G:M:G ‘ .05 . .11 . <10 - . T e 32%x

- N:LsIX -0.11 ‘ .05 © 29%%x «26%%
N:L:C 10 .16 .15° "  «25%

» N:L:R ~0.05 «09 _ <15 e 22%
N:L:s -0.02 .04 <14 T .19
N:L:G =0.01 ' .02 -0.05 «20%
N:M:1 -0.19 - =0.03 .04 T .22%
N:M:C _ .03 » .« 05 . =0.04 : «22%
N:M:R .03 =0.04 . ¥ o4 ' «23%
N:M:s . .03 <01 .15 L .21%
N:M:G

-0.08 =0.06 01 .17

**Significant at the -01 level of probability
'*Signigicant at the .05 level of probability

S SR



_Of the 100 Grade three children in the sample, QU”
: were categorized as c1a551f1ers on Addltlve Composltlon or
élasg—“inclusicn,* 23 .a; partial class1f1ers ‘and 33 as
'nénclassifiers. On_lthe multlplicatlve compositidn‘task,v

there were 67 chlldren categorlzed ma ‘classifiers, 30 as ,

partlal c1a551f1ers and 3 as nondla551f1ers.

When . the two clasSification tasks ‘were taken
together, there were 34 chlldren categorlzed as classxflers,
65 as part1al clac51f1ers and 1 as a ‘noncla551f1er. ~ The

correlatlon of _‘10[ between. the two tasks ' vas not .

significant..

The classifiers, partial classifierS'\_\aﬂéfq

nénclassifiegs ch thé' two tasks 'taken,.separately and

]

together areé enumerated in Table 31. - . R

i
-

2 For the Additivév Composition2 of ClaSsés task
involving pléstic tilés'.in two colours the entlre sample
recogniked that the tvo red tiles vere. indeed plastlc.t The
majority cf the children ca{egorlzed as cla551f1ers
succinctly ratlonallzed vith “the words;' "They're all,

plastic.n "Other statﬁmgnts elaborate the children!s

. L 4
. 4

thinking.
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TABLE 31
DISTRIBUTICON ‘OF SCORES GN THE
CLASSIFICATION TASKE\
.i;.. o ., (¥=100)

et Partial Non=-
Classifi'ers Classifiers Classifiers

Classifigaticn: ., =~ k/

Additive T - .23 ' 33

Composition
Multiplicative . - : 67 30 - 3
Composition ; '

r‘ il

» ' . .
Both tasks: ¢ _ 34 65 , 1

e e e e
- Le »
3
.
b‘a
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Because the plastic squares include the
red squares too.

S If you put all these [the green tiles) .
o away there'd still be two plastic left.

gu% all the greens in one row you
wcu dn have the two reds and if you

have the plastic row you'd have the two
reds too. \

Because the two reds count too.

Because they!? re, all plastic and not all
gre€en. _

fali except' the children categorized as partial
classifiers malntained inltlally that there were "more‘creen
than red" when requested to compare the row of plastlc tiles
to the  fow of green tiles. Two chlldren explained that the

green row was longer than the plastic rou.‘

;Latef» in the testing situation, the partial

classifiers acknowledged that the row of plastic tiles was.

lcnger than the row of gneen»tlles without any apparent

awareness of their inconsistency.

‘The red one$ flastlc- too so Ff you
include the plastic red ones w uld be

twc more.
‘Green and red are all plastic.

 Because two plast1¢s are added to these
[ the green tlles]

*. - One: child denied initially that the plasticvrou.



v

propertles of the objects as colour and shape.

E . 200

was longer than the greed row yet s{ated, "They're' all
plastic but they're not all green“nd At the end of the test,
he ratlonallzed the dllemma embodied in his decision making:

Prcblem is they're all plastlc.- Most of
them are green. Because all of then are

plastic.

The childﬁen categorized as nonclassifiers .
consistently claimed that the greqa’row vas longer than the

plastlc row, Their_ratlonallzations indicate their logical
! ' ! | -

* s
‘ccenfusion.
ST Green row longer ‘because only two read
6’7 ones. _ _
s ¥ . |
Green ones more even though the red ones

are plasric.
Only tvolredS'and_there'are more greens..
I don't know.

Greens and reds are all plastic but
there are more greens than reds, ,

Reds.onlz have tvwo, the greehs have more
than that. e

> B '

In the Hultlpllcatlve Composition of Classes task

-iwhich 1nvolved the grouplng and regrouplng, of _coloured.

plastic ,blccks, the culldren 'categorized as classifiers

'expressed ‘nc. doubts " about the concurrent critetial

The children categorizedn as partial classifiers
. f‘::. e
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can be subdivided. Twenty-four children“ agreed that the
plastic pleces could pe cla551fied according to colour but
not to the =ubsequent criterion of shape. Four children who
denled that the plastic blocks could be classed accordlng to
colour subseguently acknowledged the grouping of the blocks

L\

.according to shape. PR

Three children claimed that the plastlc blocks-

could not be regrouped at all, according to elther.colour or
ishape.

When reguested to sort ‘the plastic blocks, one.
Chlld did not utilize the properties of colour or shape but
concentrated on plctorlal functions.- The themes of . marine
transport ~and bcnbardnent_-uere continued :throughout the
'regrouping Fart of the test.
 Correlations_between the Classification and Conservation

Tasks

‘When correlations betﬁeen the two classification
tasks and the four conse€rvation tasks.vere calculated, those
'involvino the Llnear Correspondence and Barns Tasks did not
reach significance { _.05). Hultlplicatlve Comp051tlon of
.Classes- correlateu vzth the Transformed Trlangles Test at»

the .28 level (p<. 01), while Additive Conp051t10n ‘of Classes

B
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z‘*.'

correlated with Circular Correspondence and the Transformed

Triangles Test at .29 and .30 (p<.01) respectively.

' ' |
. The -correlations- between ‘the six Riagrtian tasks -

are\shown in Table 32.' , | . | P

7 . : " R ,
. N L d

; There are no significant correlatlons between
de EE%E ﬁupile' ablllty to .

a. interrolate,

b. continue, . :

C. reverse, ' ' L ’ ;

d. selegt, and o X o '

€. generate -

geometric and numerical pafterne, and . their ability  to

. classify:
: - a. additive classes, and
? b. multiplicative classes.

When the Pedrson Product fuqnent“eorrelations
between the » Pattern' ?rocessing Test and the tvo |
classificaticn = tasks }nere' calcnlared, there: v%re= seven:
significant fé/rrelations (r=.21 to .36) ‘uhich/“invelved

:Addltlve Comp051t;oh of Classes, Hlth 8 (r—.ZO to .32) form

. . vere common toahoth lists, Linear~ Interpplate and ‘Matrix:
R S
Interpolate, Cdntlnue and Select. ”Thev“gaSHs lcorrelatlng

51gn1f1cantly ;u1th Multiplicative Composifiou only. vere'#

Geometric: 'linear: Continue and Select,  and Numer;gal:
- ‘ . . / X

[

Matrix: Interpdlate. Por Additive ' Composition, the

additional significantrcdrrelations occurred wi'th GeometricE

Matrix:-Reverse and Seleca,\Numericalz Linear: éenggate, and

R
4

nultlpllcatlve’Compoéltlon. Four of-‘the geonetrlc tasks v
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v s ‘ ,
TABLE 32 o
. COFRELATIONS BETWEEN THE CLASSIPICATION
* AND CONSERVATION TASKS
(N=1C0)
:=:::=’=='="==='===;=========:===#==================:::::::::::;:
. .. Classification . '
. Multiplicative Additdive
Composition . Composition
-Conservationi o
_ - .

Linear , )

ggrrespondence  .07 . .16

Circular " !

- Correspondence © .08 .29 %%

. N . . {_\

Barns - ‘ ‘

Task . .16 .0
Transformed . S o -

Triangles .28 %% « 30%x .

Tasks - . )

**Significant at the..01 level of probabili%y
=======;==.=:====:.-/==:.'.:===~====:;::'=:":=========::=-_£======"_-==A======‘
R 'ﬁé. .
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Numerical: Matrix: Continue. The tasks v1th which nelther,

classificatjéﬂ‘ skill " correlated 51gn1f1cantly were the two

~

fGeometric:Continue tasks and the two Geometrlc- Generate
v !

taeks, "with three numexlcal matrlx tasks,dreverse, select

— . .

and generate,

The correlations between -the Pattern Processing’
e /

. Test apd. the . two classification skills are shown in Table ,

.

33, A . . . -1_":,_‘ .
v - ‘ .r ‘g-' ‘ . R P
1 . . . . . w .
© ..~ Although the two classification tasks between then

correlated significantly iith:12 of the patiern prbcéSSing

" tasks, Hypothesis 3 can be,rejecfedrfor specific tasks only
with:‘regacd) te the two 'clasé%ficatofylf Ski;}s” ~aken
sepafatgiy: For. more thanvhalf the pattern taské;lhdditive
a:Comppsition_as well as Hultipiicative Compoeiticn did noti

cortélate_.Significantly, a situation- which 1eads to the

acceptance of the hypothe51s in these 1nstances.
\f . . f ¢ .
o

IV. . PATIERN PROCESSING ABILITY AND OTHER VARIABLES
) ) ) » * ‘ B ’

<
= .

i @ . _
The -other °four variables 'include two . of a

;emographic nature, sex - and age, as uell as mathematlcs
- \ o

achlevement and 1ntell1gence"each=bf wh;ph was measured by .

tﬂo subtests.'~ , 'X

v 1 r——
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COFRELATICNS "BETWEEN. THE PATTERN>PROCESSING TEST

AND THE CLASSIFICATION TASKS

(N=1C0)
Multiplicative Additive
. Composition Composition
G:L:1: <11 W 23%

oo G:L:C: . 29%% .10
G:L:R: .22% .06
G:L:S: .09 .19 &
.G:L:G: T e 35%% -0.09
GeM:1: .18 .04
G:M:C: ? .12 .13
G:M:R: .05 .3 2%%
G:M:S: .10 22%

‘G:iM:G: .10 .15
N:L:I: e 26%x $23%
=" N:L:C: e 37%x% 21% ¢

'N:iL:R: .06 NaL « 26%%
N:L:s: . 25%% S0
N:L:G: .13 o1 '
N:M:I: «21% .13 -
N:M:C: <15 - c27%%
N:M:R: 011 , «16 ’

© N:M:S: .J2 13
N:M:G: .15 ;08'%

i **Significant at the .01 level of probability
*Significant at thei.OS level of probability
Eemmsms—ms— e mmmmmm————— ey P
_———— (" —"—"‘-‘: —————————————————————————————— : ----------- ;m——
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Results_gf_the Tests

The"‘mean' scores‘ and standard dev1at10ns for,
mathematlcs achievement and 1ntelllgence as uell as age vere ’
shown in Table 15. The sample's mean grade score of 3.7 for.
_mathematlcs achlevement uas‘cloSe'to the 3 S'Iexpected. in
.Harch. The mean intelligence score of 114 indicates that
the sample a= a whole was sllghtly above average. In' age,
tQ% pean of 8 8 years is normal for Grade three children in
March. ‘ |

[

Comparative Ferfoggance‘on‘the Pattern Processing_Test

.

I3

T
PR

The Chlld w1th tﬁé ‘lowest performance 'on " the
Pattern Proce551ng Test! galned a total of 38 po;nts, with a
score of zerc on seven tasks. His 1ntelllgence ratlng was_-
96,‘ with a mathematlcs achlevement grade score of 2.6. One
child had -5 zero scores, another_g and f16 chlldren had é
2ero scores eacn.‘v .The intelligence and mathematics
achlevement ccores of these chlldren were -distribnted over’
the full range for the sample. Of the 18 chlldren in the
sample with intelligence scores5below 100, élght had two orr
”more . ZETO scores'onxthe Parﬁern Processing Test. ‘Moreover,‘
on/the Pattern‘Processing Test, no‘child's'highest.score.was

less than five. - = S ' . ,f;;~
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At the other end of the scale, nine children . with

-two or more scores of 10 and 9 shared 25 scores of 10 and 31

'écores of 9. The tens sgrores are spread over 14 tasks with

°

the interpolate and geometric linear blocks having the
highest tallies. With- one exception, fhis group of nine
high performers had intelligence'sqores‘of 123 or better,and"

wvere advanced one year at least in‘magpematics achievement.

" The Jne exception had -dn intelligence rating of 110 and was

just below the ‘expected grade level . -in _mathematics.

achievement. All nine children scored 9 or 10 on the Number

Knowledge test.

Just as'  the children with below .average

intelligence did not all, perforh pooriy on the éatté:n

' ProceSsing Test, the opposite was also true. ﬁaﬁy ch%idren

wjth‘high intelligence and - mathehaticé achievement - scores

. did not perfcrm exceptiohally well on the patterp tasks.

- : v _ .. . ‘ .
Hypothesis 4. There are no significant correlations betweeén
Grade three pupils® performancé on the Pattern Processing.

1

- Test and

a. mathematics achievenment,
b,’intelligeqce,v :

C. age, and

d. sex.’ .=

The Mathematical Concept$ section of the ggg@éian-

Test_of Basic_Skills correlated significantly with every

———— — ———

vpattern"-prqcessinqrtask, 16 at the .01 level of Probability
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—

‘and the remaining four at the .05 level. Problenm Solving‘

- correlated: with 13 of the patternrproce551ng tasks at the

«+10 level of probablllty,'and with "4 at the i;OSv level.
Three geometric tasks 'did not correlate significantly,

Linear: Continue and Matrix: Continue and Reverse.

~In the light of these results, it eeemsi justifiede
:to reject’ Hypothesis = 4 with regard to 'mathematiqs‘<

achlevenent.

_/'Verbal-Iﬂtelligeﬁee' correlated with 13  of the
'patterﬁ processing tasks at the .01 level of‘probability &hd3
fper 'at i}he '.95} .Geemettic:_iinear' Continue, Geometrlc'
‘»ﬁatrixf‘Pé§e£Se3'eedaﬁhmeriealzYLineaf:_Generate. *Nonve:bale-
vIntelIigence ebffelatedfwitﬁ,1§*of!tﬁe 20 pattern processing.
"tasks, 14 ét the .01 levelg The only task ﬂot ::eaehihé

)significance,qas Numerical: Hatrlx' Generate.

. As :all _the ﬁattern~-ptocesSinﬁjtasks correlated
51gn1f1cant1y Hlth at least one‘ aspect of llntelllgencér/
Hypothe51s 4 is rejecte& in respect to 1ntelllgence in both-

-1ts verbal and nonverbaleorms.

_1 _ -
The correlatlons between the 'Pattern Proce551ng

$est, mathematlcs ach;evement and 1ntelllgence are shown in

~ Table 3u , f 1.
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. o , TABLE 34 . .( . S

CORRELATIONS BETWEEN ‘THE PATTERN PROCESSING TEST AND

ZEXEEOQ

k-

MATHEMATICS ACHIEVEMENT AND INTELLIGENCE ,
. (N=100) -
Mathematics Achievement . - Intelligence’ ‘
{ Mathematical " Problen- - -Verbal - "Nonverbal o
Concept s ‘ Solving SR S
G2L:I - SREALL .25% : «35%x% C e 30%x
G:L:C . 27%% «31%%. 33k ' e 29%x%
G:L:R S 2U4% o e13 17 Lok
G:L:S SU3%% 0 45ax N T3ga. L LUl
G:L:G RTIEE. ce22¢ T 26k gy R
G:MTT . 25% «23% W3k L e29%%x
G:M:C. . -_23* ) - "¢23.* : »0 022*~ s -22*
G:M:R .~ e 30%% B L T T S 24
:M:S .38%* o e32%k 0 opkx RUGE LS
M:G J46%x L e32%% - ogx L J28%%
sL:T S UO%xx 3o T .35%x BRCIEL
:L:c - «52%x - gEexx . REL : e Slhkx,
fL:R~ - e 31k% U i35k o ook U0 %
tL:S SRR 1:E L s39%% 32wk ol 7%
tL:G «30%x . 29% .15 o, 25% :
tM:I LoW5TEx gk «36%k%x . 37wk
iM:C . e SN LeSTEE L e , WS TeRE L
MR 53%%x C &53kx 0 ek S W46k
*M:S JS0%* 48xx LA L L U5kx
tM:G L 2u% 21X 22k S T

'**Significant.at.thé'.01-léfel”bf‘prdbabjiitj
- *Significant at the,.OS‘levelqpf Probability

e o v e e EE T e o o e o
—_—_——-= —_—_————]==
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' Sex correlated - significantly with  the T'tqo‘

geometric generate tasks for which the negative correlations

of -0. 23 {p<. 05) -and -0.27 (p<. of) ‘indicate the influence of

"being a ;girl. Similarly, the only pattern proce531ng task‘

with. which  age ‘correlated 51gn1ficantly was Geometric'
Matrix: Interpolate (r=-0.23,np<.05). . | ~
In view of these results, ﬂypotheSis 4 is accepted

for both sex and age.

, ')
/

jThe correlations between the Pattern Proces51ng

Test, sex and’ age are shown 1n Table 35

1

o L SUMMARY

Chapter AV - contained 'the \resultsf' of'/Cthe

instrumentation followed by the testing of the hypotheses}i

-assoc1ated uith the four major purposes of the present .

‘vstudy. '-In' this chapter the pattern generating tasks were,ti

.

discussed in detail, thle the error strategies employed bx‘

thev-childrenw on’ the pattern tasks with ‘Preset correct-

-ansvers will be categorized 1n Chapter V. A -discussion- ofv'

the major findings from both . Chapters IV and v will beJ:“

presentedkin the =1xth and final chapter, with implications;'

\

for curriculun developers and teachers in the classroom,



TABLE 35

CGPRELAIICNS BETdeN THE PATTERN PROCESSING TEST,

SEX AND AGE

21%

(N=100). . -
================:===========‘=‘.===:============== 5 5 3 5 3+ 1 T
- -
Sex Age
G:L:I: 014 -0.06
, : 7 G:L:C: -0.16" -0.00
. ~GiLsR: . «05 .01 .
X "G:L:S: -0.05 -0.09
4 - "G:L:G: ~0.23% . .07
. G:M:I: -0.05 -0.23x%
< G:M:C: -0.06 .04
) ART L eimirro~ 7 lgp .06
',‘.j\i;‘, G:H:S: ' -0o10 . ' ¢03 )
el G:M:G: ~0.27* .12
= A NeL:T: -0.08 - - .05 -
_ K:L:R: .06 .05
, N:L:S: .09 . 04-
©  N:L:Ggs - =0.17 - .05
N:M:I: - =0.02 .05
" NzM:C: <14 ~0.06" o
N:M:R:- -C.03 -0.12 T
N:%:S: -0.18 ~ - =0.11
N:M:G: -0.01 -0.07
**sighificant at the .01 level of probability’ -
*significanf at the .05 level'OQEProbabiiity o=
) . o . ) » o ’ o N .
v ; . \ .



together with reccmmendations for future research.
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CHAPTER V

CATEGORIZATION OF E

o

IN THE PATTERN PRO‘ ?SSING TEST

In Chapter Iv'the-emphasis_in the reporting of the
results of the Pattern Processing Test was on the

performance of the children according to some criterion of

nl
-guccess. In Chapter V the. focus is on the strategies

employed. by the children in those items ‘of the’tasks with

preset correct answers where their performance did not - meet

- the 'stipulated- éiiterion of success. The error strategiesf

-

have been categorlzed to varylng depths depending on the

'amount of 1nformat10n resxdlng in the -~data. As the

responses prcduced by the children are “assumed to bef the,
overt manlfestatlcns of' mental opgrations, the error

strategies are drawn from the interpretation . of indirect

. evidence. _ - | .

The varibds categories of error strategies are
» . - . .

briefly descrlbed as they arise, éven though the highesi -

’frequency for a partlcular type nby occur in a task reported_

- later. . - ' o o \ '

% . . Rith the exceptiqd{:f Test Es[Ndherical: Hatrix:

213
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Interpolate], each of the, tdﬁ&s with preset correct answers -

& Cn
had 10C0 possible responses over the total sample. 'In. order

to. categorlze' the re5ponses‘ to ‘the Numer1cal° Matrix:

o

_Interpolate ‘task in a meaningful way, each of the five 1tems}"

- was viewed as a whole so that the naxxmun number of

v~responses for the purposes of this chapter was 500.

i

A detailed descrlptlon of the Pattern Processxng

Test, including_‘the scoring procedure, is set out in

Arpendix A,

‘The geometrlc 11near tasks were contained within a:

llnlted closed systenm having a maxlmum of four colours, four

/.
shapes and nine elements in any one sequence.. For each of

the four tasks the most frequently employed error strategy‘f

seemed spec1f1c to ‘the pattern process 1nvolved  In the.

1nterpolate task there vere 454 1nstances 1n whlch the
chlldren reproduced one of the. elements adjacent to the gap,
vh11e in 56 cases of the contlnue task, part of the glven

-sequence was reproduced as the response. One ~of . the most

'frequent error strategles among all . the tasks of the Pattern :

Proce551ng Iest occurred 1n the linear reverse task. Two

hundred .and thirty-seven responses‘_contained‘ the correct

- €lements but in  the reverse'order'even though‘this aspect

1

RN
v
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vas Specially discussed beforé the test vas adninistered.n_

Moreover, ' no subject consistently employed this strategy in‘
all,his respcnses and so this strategy _of reversing the
_ crder7 does not . seem to result from the misinterpretation of .
'test'instructlons. In the select task the nmost ‘commonly

chosen ‘response was a repetitlon of the final element in the -
9 .
gtfgn response, a strategy uhlch occurred 50 tlmes.

- N
A strategy employed;,frequently‘,in'tnree-of the -
'four tasks was the repetltlon of the element(s) at the left.‘
hand end of a glven sequence (G:L: I, 42; G hnc, 50 G:L: S,t
72). There vere cnly eight occurrences 1n the reverse task
where a hlgher frequency may have been expected because of.

the emphas1s on thé left hand end. - - _ S .

" - ~.
i —— . ) ~

'“Fairness",.cnerof the types of ‘raticnalizationS'
noted by Klahr and WzllaCeﬂ k1963)-"n their'vstudy fl
children's pattern. respcnSes, occurred 23 tlmes‘fin' the
interpolate' task of the present study. The need for each
\\element to have a- partner seems connected wlth -t e child{s

sense of symmetry as, for examnle, in . b

G:L:I- #8 BS BS Rc RE RC BS BS BC

Loss of hold is the term used by Bartlett (1958)

~and Donaldson (1963) to descrlbe the strategy .wherebx a';;;//

'subject' response is correctv lnitially,'then appears to-
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. :. ' ' B ’ | ’
change course, as for instance in

G:L:C  #9 YD BH GD BD GH SD

Three sequences in the continue task fell into thisf

category.

¢

The‘ total numbers of errors categorized byA

strategy in the interpolate, contlnue, reverse and select»

tasks were 138, 155, 367 and 220, respectlvely, Hlth 61, 30,
51 and 14 errors remalnlng uncategorizeés

;

The categorization- of the ‘error strategles

employed in the geometrlc llnear tasks is set out ~in Table

36

In - the four geometric matrix tasks vith preset

correct answers, the reéorded e71dence//of‘&the chlldren s

mental processing - of pattern was c1rcumscr1bed by the

constraunts 1nherent in the matrlx arrangement of ‘a small

)closed system of coloured shapes, as’ well as by tne

regulrement to f111 only one irov of cells “in -,the three

extrapolatron -taeks (contlnue,' .reverse and select). As a

a

result a detalled categorzzatlon of the. error stategles MNas

not attempted for these tasks.'

=4
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' TABLE 36
| GEOMETRIC LINEAR TASKS:
CATEGORIZATION OF ERROR STRATEGIES

_guéﬁoo)

hr,Error Category' [G:L:I) [G:L:ﬁdf”.[G:L:R] fG:L:s]

»
A

Right,ena‘éledent(s)% . B | - _ i: .
Repea'ted . o : 19 - 25 3 |
Reversed. ’ .0 -3 1
Left end elesent(s) . . j") -
. .Repeated A . 42 - 50 8 12
. Reversed ' - 0 . 9 2 .0

Correct elements » . . . .
. in reverse crder - B N ¢ 237, 0

'Adjaéent.elenént ‘ : B .
- repeated . o o 54 ‘ o 0 _ 0

Continued in wfong' L : : L _
direction - T ‘ 0:’ ' _ 0_ 3 17 -0

' Part-of seqﬁenpe‘
~°  Repeated ST 0 5
“» . Reversed - . 0- :

&

~
Sw
s E

‘ Loss 5£>L5ld - - ‘, Q‘l
| "Faifpgssﬁ‘u ‘: '__~>71,f:2§f* : 4;
 H°‘ L o thal .’“133 ‘”,'is
- ﬁdé:invgét\ e _12".'> g v 15 L0 A

Indecipherable - 0 .2 O
. |

Uncategériied ' ST 61 .73

. .- . ‘Grand fotal . _211=;=' 196  ess. 234
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? Thé children seemed divided into two groups, those

wvho could colve the problem ea511y and those who had great

dlfflculty in d01ng so at all._ In the. contlnue task, for

1nstance, 29 chlldren scored elther ‘9 or 10,fwhile 21

U

managed scores of 3 or less when the_ flrst item worth two

p01nts~uas de51gned on Burt's (1922) adv1ce that the 1n1t1al,"

v

test should act as a shock absorber whose purpose 1s Mto

-
e

allay the’ nervousness and engage the interest of the child

o
v

[ L L © e

The less successful chlldren in, the 1nterpolate'f

‘task tended to concentrate on- the shape property of the four

m1551ng elements in each matrix befd re attacklng the mattgr

of COIOur., Altogether there were 351 errors in either shape

-.or COlour.A_ It is notlceable, however, that in thls task,

Q &

the flret 1nvolv1ng the geometric matrlx.'arrangement, the
chlldren dld at least strive to vsolve"the.five matrix
problems. >. , : N |
| 2 N - . ‘ : . . ;fQ”HH“

In the three extrapolatlon tasks the chlldren who

< P

‘were | not\ cuccessful seemed to have only two strategies
~availab1e to then; ezther to repeat one of the glven lines

"of elements or to 1gnore the problem altogether. The number

of items not- attempted 1ncgeased across the tasks from 82 1n

i&e-=1nterpc1ate ‘task to 191 in the’ reverse task: In

providing.choices the sélect .task with 138 mpmatrices not

el
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‘ ' ) . |
attempted allowed the less successful childen an escape from

o

- their dilemna. o i b .

A /,_,—————“\
T o .

e

The brcad categorlzatlon of the responses to the

o

‘ge?metrlc matrix tasks is présented in Table 37.

Betueen them, the two most frequent error
strategies employed in the numerlcal llnear tasks accounted
for 849 out~of a total of 1810 error responses. The first
..strategy involved the next .consecutlve countlng number
either forwards or backwards. In the select task where onei
of the dlstractors con51sted always of the next consecutlve
number, there were 293 occurrences, of th1s strategy., In the
-1nterpolate'task thlS strategy vas' applled *to thé twog

j‘..,» e

'numbers ad]acent to the missing’ element on 122 occa51ons.

In the second of the two most freguent strategies

the children produced multlples associated vlth ~e1ther the

end number in the three extrapolatlon tasks or the numbers

j adjacent +to the m1551ng element in the case of the

LY

interpolate task. This strategy sometlmes took the form of

multiples orlglnatlng at 0 as in-
\ o ‘]

‘ NL-c_#u. 2356“89121_@

A varlatlon retalned the multlples in the ones dlglts as‘in
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TABLE 37
GEOHETﬁlc.MhiRIXVTASKS:

' GATEGORIZATION OF RESPONSES .

R "(N=100)
;f======================§=========E:========§=========§7====
Response Category [G:M:1I] [G:M:C] [G:M:R] [G:M:5]
Correct _ 526 623 391 604
not tintenedt g 3 ue 16
Not -attempted | 82 172 191 138
Wrong ' 351 122 372. 'fzuaf

. Total 1000 1000 1000

&4
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' In‘the select, task wheére - some form of ‘multiple -
assoc1ated with the end number. was one of “the ch01ces, there

were' 159 1nstances of chlldren ‘employing this error

' Stratégy, whlle the 1nterpolate, contlnue and reverse tasks

© had 102, 51 and 85 instances, respectlvely.

-

Altogether, these' two"strategies accounted for‘
51. 6 pPer cent of the 1nterpolate error strategies, 17 3 per
cent of the contlnue, 31.1 per cent of the reverse ang 71 6A

per cent of the select error,responses.-

I,Other.error-tresponses in the 1nterpolate task,
1nc1uded the dlfference between the two numbers\adjacentfto
the m1551ng element on 59 occas1ons,,and the next odd. (or
even) number 1f the numbers adjacent to the mlSSlng element_;
were . odd (or even) Hlth 50 1nstances.,. A local solutlom—

whlch noted a relatlonshlp between the numbers near the-

- m1551ng element_ but dlsregarded the whole sequence was

-‘produced ont 20 1tems. In general, ‘the chlldren seemed to"

concentrate cn the numbers adjacent to the ,m1551ng element

: A
as there wére 383 error responses relatmng to the adjacent

h ﬁumbers and cnly 13 and 21 relatlng to the rlght and 1eft

end numhers, respectlvely..

B

./> 8 S
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;The~tnumber' of error responses in the Numerlcai'l

/

Linears Interpolate task remalnlng uncategor1zed vas 17,

The categorlzatlon of the‘ error strategies ”for

Test K [N Lz I] is shown .in Table 38. R

Ked

_ ;n* the" contlnue task there uere 113 responses S
7-wh1ch indicated tna%\xhe child was obv1ously borderlng bg
.,successful drscovery of the relatlonshlp 1nvolved yet the

;executlon vas not" close enough for the:.response ro be
con51dered as merely inaccurate.y Exampies of this prox1ma1
type of response are _-‘” e ‘v 4

N:L:C.  #5 36 35 28 2452016 11 6
N:iL:C #8747 42 37 32 27 22 1 13

A group ~of 122 re5ponses vhich could not be - -

'categorlzed according”.to‘ error,'strategy showed that the;if

children's ; thinking ¢was not dlsorderly, Yet there ‘was

finsufficient‘evidenCe tQ»justify describing them as proximal
_ ; ’ : : ,

.responses. Examples‘of responses regarded as’ not dlsorderly

are L g _,’ o L ;[.r:

CRiLiC w2 21 19 17 .15 13 1185

—— amam

NiLiC 48 47 42 37.32 27 22 19 13
There - were '468 " ©Iror. responses remaining
e © SSS  remainir

uncategorlzed for thf contlnue task

*
L3
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TEST K [ NUMERICAL: LquAR: INTERPOLATE J:
 CATEGORIES OF ERROR STRATEGIES « - N 3 '

(=100

Error Category o . - . Frequency

Relative id Eithervv .
- Adjacent Nupker AR o

Next number e - ‘ : :
(forwards cr backwards)’ LT . 122
Next odd (if odé):Or . , S
-eggn_(if €ven) number - ] o . .. 50
Associated multiplé - o 102
Next decade numker R e =T 2
| ’ Lo Co : C

\ Local solﬁ{fbh'?' o - ,aﬁ?. -   2°

' Difference between the _ i
two adjacent numbers e < . 959

‘Inaccurate _ D BT ‘,18‘
RelétiVe»to'Einal Nuhber_‘ BT .13
Ré%ati#e to Initial Numbgr‘7 T 21

Uncétegorizéd~. o o ’; > N~ _171 7

’ Total - .43y
O(: . ) - B
® - )
- : o . .
RY
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‘lThe matter of:direCtion‘Cherecterizes thef-pattern
: “processing.rrohiem'specific to the reverse task. There uere‘
'31"response5' which; contalned the correct elements 1n the
wrong order. rOf.the 54 proxlmal responses, 9 were.'in the
,;rererse‘ order- whlle 15 ofxthe,81 responses described as not
dlsorderly were also in the reuerse order.‘AThree‘ responses
:coutlnued ta.'sequenCe in the wrong direction, an 1nd1catlou:
‘that the ch11d was changlng from the rev@rse to the contlnue
,task..'Neverthelecs, out of the u21 errpr responses, only 58
wvere the result of_ rever51ng d1rect10n whlch, therefore,
canndt .bez regarded as the nost 51gn1f1cant fector in the
chlldren's lack of success in thls task,
v : -
The 'Vnumber hofﬁt‘error'A responseS' '1remein;ng.
uncategorlzed for the reverse task was 101.: | |

_— iy
—tud

) -The gormat_‘of:the ,select,ftaskf”reStricted;the‘“
‘nunherlof error strategies auailablevto ‘the chiidren. _ Ofvﬂ
v‘the ‘502 error responses, 452 gere categorlzed as belonglng‘
'to elther the next nunber or the issociated nultlples types"
as prev1ously noted. "In the thlrd nost frequent cate ory

(2& occurrences), the chlldren chose the next decade number, L

s
£l

as 1!1

" .

N:Lis - #9. g 10 13-17 22 2 30

G
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The number of*™rror Tesponses remaining uncate-

Tgorized in the select task was 18.
_ AP

"The ‘categbrizafion‘ of the errd:AstrategieS for
Test L {N:L:C], .Test 'M ([N:L:R] and Test N [N:L:S] is

pfesented in Table 39.

o — o - . o . :f#ii
. | .. The  sfructu;e of ',Tesfi“Pé;fNumerical:naﬁfix:
Interpolate] seemed to provide the C#ildren‘ffifh: ‘the
o opéoftunity to ‘géveélh-the' stété-,of ‘éhéir matheﬁafiggl
fhinkiné.through;thé*értotHstfgiégies "theyr_embl?yed,  The .-
tégki called for fhé ¢oprdihati6n~of 1iﬁear seguenceslin‘two '
| adifections. . Thgré uere'joJmatricéé in which the children )
'fi;ied _thé fouft eﬁpty.‘cellé ' S0 that indepeﬁaent'linéérr

!

,_seqnences’feéulied, as(in?the.following example.

N:L:I #2 ———
10

wn

_1_§.'

[3

19 |

BVo)

. o e e o i
~J

T
i

|

|

i

v N
s 21
]

i

+

|

|

|

i

e
-h——.}.-—-—.i-——.—q
1 N ' -
.
.—-——sd-.—-s-d-_——d

on eight'oéCasiOns,the'childpen found that aﬁfér usihg'three

cells to construct uncoordinated linear sequences there . wvas



'TABLE 39
TEST L [N:L:CJ], TEST R [N:M:R] AND TES
" CATEGORIZATION OF ERROR STRATEGIES

Al

f°s.tu:u:5]:,

1226

SRR 3 £ 3 3 T 7 B N T P
e e P T T

L (N=100)
““:“““““““““f“““i’_“““:“"T“““‘-““T“
o, \ [N:L:C] [N:L:R] [N:L:S)
End'element(s):'
‘Reverses- 0 § .0
"?gggwggggegéslnac&uérds) 31 47 293
Next numher(s) in oda | . . | '
Or even sequences - . 41 o 17 . 0
Next decadé 5 ' 0 24
Aésociatéd mulfipleié)-. 51.' . 85 fjsg_
frr R S S o
seatiaed te veons o s
'Loss of,holhf N 3 0 f'“fﬁ.v
Inacéurété”,‘ 57 ' 0 afﬁg? 7 -
Prékihai resgonse. -i13_ o 45 0
. Reyérse'o;der | 0 ‘fh . 9 0
| ;," - Total 256 | o 239 | 491
No;,&isorderly | | 122_ 66> 0
' j'Reverse order. ) 0 v 15 6.
Udcatégorized  S 68 101 18-
“Grand;Totall 446 421 ‘509
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no sequence that could accommodate the final cell. .

N:L:I #1 r ' T ]

b2 4 6|

l [ l R

N 4 N .- 4
¥ 1 L} v :

| | |

P I 4.+ 81 2

{ L 1 {

| | L d

l_ Ll T ¥

_ | l o |

' . I &1 12:1 10

' | | | |

- L SN i . n. J

‘Eighty-five matrices‘ cdntained' nncoordlnated lineaf/

sequences except for one cell whicr vas fllled by a numbef

associatei?u;th an adjacent numbet, as 1n

i
. N:L:I #u r —— . |
. [ IR |
|20 4 28 | 14 ¢ L
N I o ER
S i } 4 ; -
© o R I |
1030 1.a57 12 )
1 L
t Il ) Jd -~
| Y \ —
{ I N
116 | 16 | 10. ¢
1 I ! !
| J g} I']

*There ‘were .seven ~matrices in whlch each empty cell was

f;lled vith a numher assoc1ateq~w1th an an adjacent elenent, o

S

- as in



" further 25 nmatrices contalnlng 1i

.“Test P [N M: I] is set out in Table UO
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N:M:I #3
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In 18 matrlces the children used the operations of

addltlon or subtractlon to. relate adjacent numbers. The

three Oby three format may have drawn. some chlldren to view
the 1tems as nunmber fact puzzles,aa type of exerc1se -often
found in_ elementary mathematlc texts. Yet tnere vere. a.

jgar sequences as well',as

number bonds. "This error strategy 1nvolv1ng the operatlons‘

' may be another example of the loss of hold strategy.

La
The number of ‘matrices remalnlng uncategorlzed in

the Numerlcal. Hatrlx' Interpolate task was 47.
-

The Categorlzatlon of the error_strategies for -

B

In the three extrapolation tasks;i continue,

reuerse and select; the loss of hold stra}egy seems ev1dent‘

in those response lines which were correct except for one

e

.
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&
TABLE 40 i
~ TEST P [ NUMERICAL: MATRIX: INTERPOLATE ]: .
. " s , . » -. .
CATEGCRIZATION OF ERROR STRATEGIES
(N=100)
====:====;=::===;-.=====:=======================:===={====:====
Error Category - Frequency
Matriy correct except :
for one inaccuracy' o o 8
Uncordinated linear
sequences ,
CAll cells 70
--.‘,:fl . : . S — 5 L o ( L. . . v ) /
“"Trapped" on fipal cell = - 8 : S
Spoilt ‘by a L . .
response associated @ - _ B -
with an adjacent number 85 v w
1Y . . A
Egch'résponse associated T .
With an adjacent number . S 7 . .
Ogerations used to relate ) P
adjacent nurters _ : . A ‘ T K
All cells | - L g
‘Mixed with linear R o ;
sequences ' ) 0 ‘ 257
( . Total 221
One;bell inexplicable Sy  ; .16 o . -
Not disorderly o \ I o 43 o
Uncategorized ' L Y
o ’ s T~ ‘ ' &
Grand Total 327 N
. |
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~
number associated‘ with an. adjacent element from the glven
matrix. The number'spoillng the response 11ne was usually:d
‘some form of nu1t1ple.‘ There were 38, 30 and 85 occurrenceS'

of this strategy in the three. tasks, respectlvely.

. 3 .Although th;” frequency‘ with whleh the response”
lines formed 1ndependent linear sequences was 115, 110 and

_ ) ; ,
20 for the. three tasks respectlvely, there were few,

instaﬁCes (13, 0 and- 3, respectlvely) where the’ loss of hold '

strategy was observed in one cell of an ulndependent linear o

sequence. However, . there were 64 12 and 65 error
‘responses, respectlvely, in uhlch each cell was leled _with
a ‘number related to the -‘adjacent * element - of the given,

_matrix)' but‘ unrelated to either ' the linear ‘ seguences"

a

ccmprlslng the matrix or the response 11ne belng produced.
, . v

*

‘There were . more examples of 1naccuracy in the

) i

three extrapclatlcn tasksfln the'natrlx arrangenent than.”ln'

‘any_ other group of‘ tasks..' One 1naccurate nunber sporlt R
fotherwlse correct response llnes on 57, ao and 14 occa51ons,"
respectlvely. o T S |

'+ The number - ,0f -response | lines  remaining

L

uncategorized:uere142,‘1}7.and 51, respeotively. T 'A~_-

The - categorization of \the error stfategies for °
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.

Test Q. [N M:C], Test R [N H R] and Test.s [N:MzS]) 1s's£t ouf

in Table A L L

Rer] 7

[

In thls chapter the chlldren's error responses. on:

the Pattern Processing Test have been categorlzed accordlng

k}

to strategy. .An exhaustlve analys1s,. hovever, wvas not .
pursued, :espec1a11y in the geonetrlc matrlk'tasks uhere a

‘detailed categorlzatlon dld not ‘seen -meanlngful. I : ghe'

'renalnlng 12 tasks' the number of p0551b1e responses was

. ‘)‘)

11,500% = Of ‘the- 4310 error responstj 3256 vere categor;zed

1ﬁ a maxlmun number of nlne error strategles for any one

task.. 2 total of 372 error’ responses vas regarded = as ‘notf

-

disorderly, uhile2617 altogetherireiained unCategorized.'

- L e

‘the - 1nvestlgatlon of the pattern proces51ng abilltles of
®

‘amathematics educators and claesroom teachers put forward 1n
&

the 51xth and f1na1 chapter ~Ulll be 1nf1uenced by the

'categorlzatlon of the error strategles as set out in Chapter

pi . .
: . »

V. '

. ; i : . .o
€ ~ “ 0
: - M

i

Although the naln purpose of the present study uas'

'elementary '=chool chlldren,..pthe : recomnendatlons f,for .

'
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. DABLE 41

TEST Q [N:M:C], TEST R°{N:%:R] AND TEST (N:M:S]:
co . S O
_CATEGORIZATION OF ERROR STRATEGIES =~ * . 'm

: o 7o (¥=100) -

'Error Category . : .[N:n:Cj - [ N:M:R] 'ﬁtN:H:Sj

>~ ~

Response line correct, ﬂ%@¥' | )
~except for W A R . a

‘One inaccuracy - " 57 4o 1y

mranber associated .. : . _
with an.agjacent'pumhgr 1y 38 : 30 - 85

.

Independent linear -~ . . . = A L
sequences o T4 | S T

All four cells w115 10 o200

'Spoilt by 'a

response associated - N L

with an adjacent number - ‘ 13 S 0 3

Addition (or'subtfactiono
of 1 g ~an adjacent line
TP ' v ' o ‘ R

Each response assaociated

-

Difference tetween two
elepents N

o Total 2892 " 225 235

Not disorderly - - ST VY B 3

Uﬁggtégorizéd  S ’ 42 ':  'ii17

‘\_  ‘ ‘ . ) g - . ‘ 232

K
.
-
-
-
Ui
P
.
A
s
K
5

. with an ddjacent ~number ., . 64 B - 65

= T
w0 - ééEﬁrand;?q§a~ﬂ_ 382" 317-

. - ERTCR. - A1 N .
=======zzzzcossz=zrmcsssczS=o Yoo __ M - - .
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- CHAPTER VI !

_SUHHARI, LISCUSSION, {HPLICATIONSLAND RECOHMEN ATIONS
g ]
SUMMARY OF THE INVESTIG]TION

The notlon of pattern, which -has been the focus of

.

this study, iS' a- phenonenom observed in the natural

environment and 1e subsumed 1n the 1nterpretatlon the 'v1ew

o

of mathematlcs . as ﬁthe clas51f1cat10n and study of all

p0551ble patterns (Sawyer;- 1955, p.12) . % It seems a

’g‘rational -extensicn of this view that the»study of pattern

‘should be a de51rable component of the elementary school

mathematics curriculumf hence the need - for knowledge about
the. young chlld's ab111ty in. relatlon to pattern. '

Fl

The présent’ study _was des:gned prlmarlly “to

investigate ‘the pattern proce551ng abllltles of elementary

<

" school ' children. Five pattern processes (1nterpolate,

corntinue, reverse,,y.select - and. generate), two forms
(geometrlc and numerrcal), and two arrangements (11near and
matrlx) were 1nccrporated 1nt9xa hlerarchy of 20 tasks, for

each of whlch a test L prep red, :
| 2 et vpe prepsredng

. : \\- P o

J . h 4l

<+
' e . U ‘
R secondary-aim of the study was to detetmine the

7 . ¢

P
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‘relatlonshlp, if ahy, .oetﬁeen' the children's pacfern
proce551ng ability"and.ftheir ,leveljnof .developmenﬁ in
'P1aget1an '-conservatiohy and -classification; twvo mentel'
operations pcstulated . by '{he Genevans"es necessary for
mathematlcal understanding. Because ch11dre£“¥end to move
in Plagetlan terms’ from the pre-operational to the concfete'-
| operatlonal ctage between the ages of- shﬁeﬁjahd nlne years,

Grade three claeses were selected‘ as the source of the

sample;

A further aim of the present 'Study was the
investigation of the reiationship,* if .any,,‘betieen the
B . . \ .

Childrent's patternuprocessing ability and  their  levels 'of

mathematics achievement and ihtelligence.

Sample

S A sahple of '100 tadeothree chlldren was chosen
'rendomly'from 1M classrooms wlthln ‘the ERdmonton Publlc.
School‘.System.A yo adaptatlon classes of‘specially chosen
children were 1hc1uded houever no restrlctlon was' placed on\
chlldren of low 1ntelllgence or phy51cal handlcap. The
sample uhlch conslsted fortultously of SO glrls apd 50 boys
. ranged in age from 92 to 134 months wlth - mean of .1Qa.5
months, Tbe _sample' ‘mean graoe ‘score. for.mathematics'

achievehent‘uas 3.9 dhile ~the mean of the "intelligence

b4
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Scores was 114, with a range from 73 to 139.

-

- s e s . s et . e e

A battery .of tests was administered to each

subject either in group situations or individually.

ing Test= A test was .designed by

the"investigator‘ for each coublnatlon of process, form and
'arrangement, maklng a total of 20 tasks.' .Sixteen tasks,
prepared in. colour for group adnlnxstratlon, - had preset
‘correct ahswers, vhereas the four generate ‘tasks allowed the'
;chlldren to produce thelr own patterns.\ The scores obtalned
were used to assess the chlldren's pattern proce551ng
ability (rerorted in Chapter ‘IV)‘~‘h11e the errors: were“'“

categorized.according-to~strategy and‘reported in Chapter V.

‘ Plagetlan Conservatlon agd Cla551f;___éon.ll Sir:
E_tasks derlved fronm research reports.;dblishedwgl?glaget and'
his assoc1ates uere selected to- 1nvestigate conservatlom of
number-»and area,. along v1th mult1p11cat1ve comp051t10n ‘and
‘addltlve composxtlon of classes. The~tasks were -presented
to-qeach 1nd1vxdual Chlld who vas then categorlzed as a
conserver, Fartial conserver,-or nodConserver, and ‘aS' a
classifier, rartial classifler;or nanlassiflgr,

-

e
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1gathegatics'Achieveuent.»f Hathemaths achlevement

was measured by the two mathematlcs subtests of th_,Ca

Test of Ba51c Skllls, Hathematlcal Concepts and'ﬁ Proble

Solv1ng

-

telllgenceL' Intelligence was 'measured-by the

verbal and nonverbal 'subfests of ' the ;‘ggggdiag Lorge-

T
nggggégg;;g_e;;;gence Test, Level A, 3 : -
yggggg_gnowledge. ' simple test dev15ed by the i

1nvestlgator requlred the”chlldren.to record the ‘multiples

of 2, 3, 4, .50 6y 8 and 10 . - B ' ', . . .

" Colour Dlsggggiu tion. - An informal 'test“
e : |
admlnlstered th1n the Pattern Proce551ng Test asked the

chlldren tc sort and then label red gre n, blue and yellow

cardboard shapes.

Eesults of the_Study

MA summary of the flnd1ngs w111 be presented uuder
the four pur;oses of the stud;{ A brjef survey ef-the'erro:
strategles | empryed by the chlldren ‘en ;thev’éattern_
Processrng Test concludes the sectlon. ‘?rom  these resultsf

B are. draun the major flndings uhlch Hlll be i}scussed 1n the;'

»

next sectlon of thls chapter. p' S ‘ e,
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"'i

I. Pattern Processan Abllltles of Grade Three Puplls
. . -t . X

/he patternf proce551ng ab111t1es of 'the' Grade7i
three puplls in the sample was Judged by thelr perfornancea
aonr the Pattern Proces51ng Test desrgnedn to 'cover. the
.-hlerarchy of 20 tasks. The scorlng procedure‘aiiovedvten
points. for each task. Among the' dsl taSks with preset'
correct answvers, the number of correct responses ranged from
;7&7 for Test D [Geometrlc- Linear: Select] to 322 for Test P
"[Numerlcal-. Hatth' Interpolate] Among'the four_processes
involved in‘these tasks, the conblned scores"for ~the 100.-
children ranged from 2340 for the select task to 1585 for'
therreverse‘task: When ‘accupulated accordlng to fornm ‘and
warrangement : tne comblned scores decreased gradually from"
' 2222 for the geometrlc tasks, through 2144 for the geometrlc‘u
matrlx and 1845 for ‘the" numer1ca1 llnear tasks, to 1736 for'J
the numerlcal matrlx tasks. - N o -

.

Al

', The ~ chlldren’“\\perﬁornance on the four’ generate

tasks may be con51dered from two aspects,,lthe_ number . of

s
-scoring _1tems or the

vpomnts earned by the SCorlng 1tems.'

Nearly threefguarters'o the pos51ble seguences in both ~the

, geometric and iine

t

fotms scored poxﬂts.w%y;th-a po551b1e
total. of 200 matrxces in ' task,-the matrix arrangementg'

resulted -in‘ 139 scoringvfo the geometric and 196 scorlng‘
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,for“the numer1ca1 forms, ‘respectively., , The apparent

. d1fference tetween' the chlldren s perforlance on ‘the two

matrlx tasks may be an artlfact of the scorlng procedure.‘i_

The numher of p01nts scored by the generate tasks -

¥

in the llnear arrangement out of a p0551ble 1000 was u21 for

the geometrlc and u51 for the nunerlcal form, reSpectively.‘
(L

- For the matrlces generated in the. geometrlc forn, 388 points

were scored, wlth u3u polnts for the numerical form.

! -]

: - Although the‘reSultsi of ‘the Pattern ‘Processingh.:‘

Test outlined above 1nd1cate that pattern proce551ng ablllty

'.GXlStS 1n thls sample of Grade three pupils. as a whole, the

tabllltles of the 1nd1v1duals conprls1ng the sample need also

TS

to be con51dered On every task exoept- the Geometrlc:.'

Matrlx- Reverse, ‘there were ch&ldren who scored J-or‘10 as

:'vell as those who scored 0 or 1, wlth every ‘1ntermed1ate
score -represent’_ed. ‘ Every Chlld scored at least fJ.ve p01nts L
on,sonehtasks while * the greatest number¢bof zero 'scores |

. gained by any one child was seven. _'v ) -';;
<; . y,',b’. Hore than half the p0551b1e correlatlons among the ”_“5
. 2C taSks of the_ Pattern Processlng Test vere 51gn1ficant-
(r=;20(:oJ~t;g;fiah;he highest 'prop6rtion of ’szgnlflcante

_correlations ‘occurred vhen the tasks’ vere grouped accordlng f

P . ‘to process. The correlatlons obtalned 'yere not -hlgh. and

R ) » i .
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,although they support the presence of relatlonships amongj

the tasks, they dc not prov1de the grounds .for' confidentd

'predlct;on.of performance fron one task tO'another.. |
'Hheniathe correlatlon matrlx;tfor the 20 pattern

tasks, along with, the six Plagetlan 'tasks, mathematlcs
achlevement t and 'intelliéence subtests,_fagé- and number
'knowledge, uas subjected to factor analysls, 'seven _factors
/bappeared » Ihey-;az be described as, |
| .i. ‘NumericalpFaciiityg_

IT. Conservatidn’
iII,'.Geometrlc Llnear Patternang
- IV. Pattern Generatlon<~x
Aiv;i'Geometrlc Matrix Patternlng

VI,'§Verbal Intel;ggepce

 VII. pPart- Whole‘Relatlons,

The mOSt . prominenti factor ‘vas I. Numerlcal
Facility'which 1nc1uded the elght numer1ca1 tasks wlth
Apreset correct answers, the Geometrlc- Llnear- Select task,.
‘the mathematlcs achlevement and 1nte111gence subtests ;anda,
number knouledge. Each of the 20 pattern proce551ng tasks
1oaded on. at least one of the factors I Numer1ca1 Fac111ty,
111 Geometrlc Llnear Patternlng, IV Pattern Generatlon and V
Geometrlc Oﬂatrlx Patternlng. Two factors, 11 Conservation

",and VI Verhal Intelllgence, were 1ndependent of the pattern.
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~

proceSsing\ tasks, while- the presence of a pattern task 1n

Al

VII Part- -Whole Relatlons vas minor.

‘Hyrothesis I was rejectedIOn the' grounds that a
simple etructuré of factors -Was derlved from the factor

analy51s of the 20 tasks of the Pattern Proces51ng Test.'

A

A

II. _Pattern Processing Ability and Conservation
Ccnservation.of number uas'iniestigated frOm two
different , aspébts, llnear cornequndence and c1rcular

correspondence. of the 100 ch11dren in the sample, 82 were

'categorized"' as _conservers 'on’ both tasks ,Hlthv 6 _as‘d

nonconservers. - |

~

Ccnservatlon .of _area*'situations inVoived _lthe.'
tradltlonal Barns Task,and ‘the Transformed Trlangles Task
When the tasks were taken together, there vere-61 conservers
and u ncnconservers. The ratlonallzatlons expressed by the’

chlldren "in the Barns Task tended to support the contentlon

, t_hatthlc task is perhaps measurlng conservatlon of number

for some chlldren. ",of the“77‘ chlldren categoriZed as

_ : > ,,
conservers, 22'-gave clearly numerical ratlonallzatlons.“

COnsequently,, success on the Transformed Trlangles Task was‘-'“

,used as the cxlterlon for conservatlon ‘0of area in the
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v,There was no signifiCant correiation between
~;ccnservat10n of number and any pattern proce551ng task for

.the sample of -Grade three puplls.’ This finding should not
" be, 1nterpreted as evidence: that “there is no relatlonshlp
i between conservatlon“and pattern processzng abllréy at- ‘every

“stage . of a; chlld's development It nmay well be that
'feonsermation of number ish a-: prereduisite -ability‘ for

children to process patterns of . any description. This

question, houemer, was not ‘investigated in the . present

‘study. - Hypothesis = 2, - that there wis ,ho signifiéant

relatlonshlp between Grade three pupals' pattern proce551ng

hablllty and conservatlon of number, was accepted

-

The ‘correlatlons "between conservatlon of area

- measured by the Transformed Trlangles TaSk were 51gn1flcant
i(r— 20 to .32 ) for 13 of the pattern proce551ng tasks, among
which?'nd_ common. relatlonshlp seens ev1dent. Horeover,hthe-
_correlatlons were lov and so. are not -dbeful for'"makingf“

'predlctlpns about children's pattern précessing ability.'

N . . Sy

Hypothesis '2, therefere, was rejected fo

«

the pattern p;;cec31ng tasks and accepted for the re aining

seven , (Geomet ic: Linear: Contlnue, 'Reverse ahp Select;

,Geometrlc- ‘natrlx: Interpolate and Continue; ‘Numerical:-

Linearsy Interpolate; Numerical:; Matrix: Generate) -with

s
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regard to ccnservation of area. e ~

IIL. _

ggtterg_ggoce5§;gg Abi;itx;a’d _;gs_;flcatlon o //\

Two classification skills  dere investigated in

' o aomE . :
this studya Additivegcomposition of CI\sizszgz”a version of
the clas51c Wooden Beads test and uultlpllca e Composxtlon
of ClaSses using c1rc1es and squares in two colours.‘

. 0f the 100 children. in the ‘'sample, 44 uere'.

categorlzed as. classifiers on the addltlve comp051tlon task,

.

23 as part1a1 conservers and 33 as nonclasszflers. - 0On the

mutipllcative conp051tlon -task, tﬁggzt;were 67 children’

~ i

categorized - as ¢1a551f1ers, 30 as pa classifiers and 3

.o B
as nonelassifiers. when the two tasks were taken t%getherf

34 S/;ldren were categorlzed as classiflers, E@‘as part1a1

c1a551f1ers and: 1.as a nonclass;fler.-

Between them, the two . -classification tasks.

».correlated '=ignificaht1y (r=.21 to .37) wlth 12 dlfferent

pattern process;ng tasks, three of the 12 belng common to ::

both cla551f1catlon skllls. Therefore, to accept Hypothesxs
'v~v3, that there is no .significant relatlonshlp betweeﬁ{Grade
three thldren'c pattern proces51ng ' ablllty,; and
c1a551f1cat10n, seemed justlfled on the grounds that neither

" Multiplicative Compos;txon,( nqrua Addltaye. ‘Composition
L : . ‘\ . . v .
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mathematics achievement.
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s

correlated significantly with a majority -of the pattern.

processing tasks. : S - o, T

\- o
IV, Patterg Process;ng Abilit ty a and tgg;_lg; ables - -

a0 o s e —— e

3

&

The Hatheﬂatlcal Concepts sectlon of the Capadian

_Test‘ak §a§1c gkllls correlated 51gnif1cantly vith every

pattern, proce551ng task while Problem 501v1ng grTelated

51gn1f1cantly wlth 17 of . the 20 tasks (r-.21 .to ~.56) ,- the

remalnlng ‘three belng geometrlc in form (Geometrlc- Llnear‘

N Continue; Geometr1C'-' Matrix: Contlnue and Reverse).

herefore, it seemed justifled to reject Hypothe51s 4, that

here is no Q1gn1f1cant relatlonshlp betueen Grade ‘three

: children!s performance“,on_ the Pattern grocessihg Test and

e,

[N
u

Verbal 1ntelligence correlate s1gn1f1cantly wlth

17, and ncnverhal 1ntelllgence vith 19%, of ‘the 20 pattern'
proce551ng tasks' (r=.22" to: /;54),. f.ms"all the pattern_
proce551ng tasks correlated 51gn1f1cantly with at least'oneﬁ

acpect of 1ntelllgence as’ measured in thls study, Hypothe51s

4 is rejected fim respect tov both verbal and nonverbal

o - . .o R . - N
- L . . : s . . . ® .
- N - i . . - .. . - .

-5 _;f ﬂvThe 51gn1f1cant relatlonshlps between the pattern

process1ng atlllty and mathematlcs achlevement -as well- as -

A

Lintelligence, : S g”-‘ ) _ /;’

o

@
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.intelligenCeh appear uhen the-sanple‘is treated'as a whole.
. chgver, a sl1ghtly dlfferent perspective “isw gained’yvhen‘h
ind1v1dua1 childrent's perforlan‘es fﬂare .considered'”.
relatron,to theirsratingsv~ n]»nathematxcs achlevement and
'inteiligence., Although there QVas a tendency for chlldren
mrth hlgh performance on the Pattern Proce551ng Test to have:
high 1ntelllgence‘and mathematics achlevement scores, the*:
‘Teverse vas -not 7trne. Al;number iof chlldren vlth hlgh
1ntelllgence as well as high mathematlcs achievement scores
“could not?-be. regarded as hlgh performers on thelrattern.
Processrng Test ‘ Furthermore, the lowest performers on the o
‘Pattern Proces51ng Test had 1ntelllgence and mathematlcs
achlevement écorec dlstributed over the full range for the

sample. Of the 18 chlfdren 1n the sample v1th 1ntelllgence

scores below 100, only elght had two or more zero scores onﬁ
the Pattern Proce551ng Test.'

27

Sex correlated s1gn1f1cant1y wlth only one of the

IA

pattern proces51ng tasks, Geometrlc- Llnear- Generate, for,
;uhlch the . negatlve correlation (r -0 23) indicated that '
belng a girl 1nf1uenced the relatlonshlp. It may) vell be

that in thelr play actlvltles, girls tend to. have experlence
with llnear atterns‘ of a spat1a1 klnd 1n thé form of

ot

decora%nve craftvork.‘ Age.glso correlated anatlveﬁy f-“

0. Zg)gﬁ:1th only one pattern 'prodess1ng task, Geometrlc':‘

,Métrix; Interpolate., In v1ev of these results, Hypothe51s u

. .‘}
A ;

._éﬁ'



is accepted- for /bcth sex and age.’lh j S ' o .

: ' < . . B
' f.a. - : e T {

IDE Respopses

o ‘

Y. _Categorization of Er

Ac detalled though not exhaustive categorlzatlon of

error resonses accordlng to strategy°was carrled out for 12

‘of the 16 . tasks of the Pattern Proce551ng Test with preset

correct ansvers. The geOmetrlc matrlx tasks were omlttgd

-

because such a categorlzatlon d1d not seem meanznq{ul. In

!

PR

11 SOO ) Of th% lt310 error resonses, 3256 were categorlzed

1n a max1mum number of nlhe error strategles for any 'one

v . . : T .

taSk . o ) ° : ‘.,_ -i. R o )
) A - . . » +

>

615 error responses in the numerlcal tasks were classed"as

the remalnlng 12 tasks the number of p0551blejiesponses vas

.

& »

;_ Several error strategles_ stand out. ;Altogether,-

,7b61ng the = next number(s) forwards ‘or. hackwards._ This

i guantity represents 19 1 per cent ?of, the 13225'i error

\

P
r K

linearﬁ,tashs;.ythe 397 error oL pqnses categorized ‘.aS'

asSociative multlples amounted to 21 9 per cent of the 1810
error regp nses in these four tasks, or 12 3 per cent of all

[o]

" the numerlcal error responses.‘; L v‘_'; Lo

. . P N N L - . o
;' sk m. - . R - S
2 i- . . - .
- o [ R e oA .

 The; error strategy spe01flc to the ftwo reverse -

tasks in the llnear arrangement 1nvolved theV”correct.ﬂ

o

13

ub :.: “J\

responses  in- the elght nunerzcal tasks. In the nunerical

£,
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_ | o _ .
elements in reverse order. Thec266derror responses in this
category yrepresented"31.0 per cent of the 865 error

.: .. : . . oL R - . . . R . R . ‘n';., .-

-

responses for the two tasks. = ' S

u. ’ ) Lo v : : .
In the numerical matriXx tasks:the‘fstrategy type,
A ' T :
disloyalty to the ‘qiven, could " be applled e1ther to the~

1nforma+10n cupplled on . thizfask sheet ox to thei sequence
' . ' s # “ “‘- ! B
Qelng recorde&—"b"‘~ the ¢ 11d, <_yoviever wrong it may be in | - .
: : L o

T ' ' . - e
'.relatlon to the glven matrlx.' Altogether 4C2 (28.4 nper i

'.éent) - of the 1“15A‘numerical.,matrix error ‘fesponsesf
vy “ S
demonstrated some form of dlsloyalty to the glven.» g ‘ s

i

The four error strategles lahelled as next number, .Z.

1 B

~

/
assoc1ated multlples, correct elements 1n reverse order 'and

dlsloyalty to the glven accounted for 1682 or, 1 6 per cent -

o . )

IOfﬂfthe _@@56 error responses categorlzed accordlng ‘.to .

straregyxipnd';39.0 per cent of the u310 error. responses,hn@-
aitogether;'f A totél ,of 617 error frespopses

q -

uncateégorized. . .

¢

— o DISCUSSI@N OF THE HAJOR FINDINGS

o }'&‘ '. " P o \ )
e 4%”'~ ‘“i;‘ﬁﬁ s ‘ ‘
- '~ The major flndlngs of the... é@ﬁy”are discussed :
: Y TS

under the fcllowlng headlngs- T o - T C

K

v

.

; Hfr'-

1. “The lelltg of a sﬂa@le of Gra e‘three pwpllg k
ﬁrooess,pa tern.‘ %f_ 7~ R
_(’.“ Gr ’g, g &3
; ) 1%'} - .
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The_Ability cf_Grade Three Pupils_té Process Pattern .
- ‘ ‘ _— , N

The ability of. Graﬁe threef_pupils'ﬂto procesg”'.

pattern can te con51dered from two’ angles,” flrstly, thef,

Bl

range 'of problems anolv1ng pattern whlc& the.sample a§va

/ L ;\‘ et

vhole solve Hlth var i degrees of suodess, and‘ secondly,'
. Y l?

x,

the characterlstlcs of 1nd1'1duals uhose performance on. the'

,Pattern Processing Test 1nd‘catig thelr -ldenglflcatlon as
J.« - v

successful pattern procecso s.f.u{“”

faA ‘
e (e - 9 -

.* The ' Pattern

) . ;;‘ :
N

processes, two forms a d two arrangements, ‘making a

L

“hierarchy  of 20 dlfferept pattern tasks.. The hierarchy of

Y

20 tasks can be pantxplo ed 1nto tvo groups, the 16 - task's

~with preset correct answers and the four generate tasks in

.. T . .
e . 7 . : . ~

Hithin each of 'the' tasks ‘with preset oorrect

Lo N
F . ‘
: -

“’ansiers, examples oOf . dlfferent klndSv“of patterns .were,

N

;presented to the ch;ldren for solutlon. The geometrlc tdsk%:’

wr [y R 5

Sy were based on nine dlfferent “11near pattern %fscrlptlons, .

s

- g Kot
w1 [_— . . - "'. a
e . 3 : . . .

2 S . [ i
- . ? “

. . . . . 2 &;, . ) . =
. a4 " .’"*" - . .
e . a2 ar o @ “7 7! .. L

»rSCeSSing Test vinvolved ™ five -

preay
RN . <
, ‘ : o N ’
ii. The significance bf two Piaqetian tasj 'lin .
' relation _to. the g pattern proce551ng ablll y pf CL
‘these Graae three chlldren° ‘ Y R
Q \
Cwo ifi. . The r191d1ty and LQ 1c'nobserved_1in, g@?
’ responses to the P ern Processing Ted

i

e
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' while' the _ numerical tasks' were 'drawn “from 23 dlfferent

wl

.4 llnear pattern types and subtypes.: Altogether the ch;ldren

x>

f*%"iﬁ thlc s&gdy were exposed .to . a multltude.of different

M.patternlng ‘rtoblems. The percentages of correct .responses
for each 1tem of the’ 16 tasks (see Tables 9., 10, 11’and‘12)
demonstrate the ablrlty of the sample of Grade’ three pupils
to solve a great varlety of specific pat;ern tasks. ht

'least oneethlrd of the sample responded correctly on ‘three-
) (J’" .
guarters of the-ltems. There were fewer than flve correct

responses on only elght of the 120 1tems. The 1nappropriate
de51gn‘of the three geometrfg”'matrix items (Ggometric-

Matri}° - Reverse #3 and | #5; GeometrLC° Matrlx' Select #5)
0‘3
vhich no child solved has already been acknowledged

Ve
(o] N ' ' ¢
Among the four pattern pﬁpcessgs 1nvolved in _the

. tasks wlth preset correct answers the order of dlfflculty
likelfaio be expeﬂienced by the chlldren was conjectured ‘as-

1nterpolate, contlnue, reverse a%d1 select,' an order not

-~

reflected in the number of correct responses. »“Thg{.select

Vtask .over the suo forms and two arrangenents proved to be-
. s _ ‘ .

the easiest, tthe_ result p:;haps of‘ 'the chlldren [

famillarlty wlth workbook e erciSes and test 1tems of a

mnltlple ch01ce t pe._ wlth the segect task set .aside, the

Y

S

1nterpolate, . ‘corntinue 'and* reverse‘:tasks followed the
Ed . v . . 2 . . } \ - - !'
Predicted .order o dlfflculty.,‘tﬁe -_{Txf ‘

¢ o n
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. : '/ ' i o

The order of dlfflcultj"

. ».‘;1'4‘,
“nd arrangementl vas . progyu

f the tasks across YTorm
more. tentatlvely. . The
:performance of the chlldren, tvged by the total number of
correct recponsec for each “oroup of tasks, verlfles the

predlcted order of geonetrlc 11near then mﬁtrlx JL;lowea by

'pnomerlcal llnear then 'matrlx. Thls or drj. e 1ff8culty '
LV e
I which appeared uhen the four blocks of task;%ék re regarded

globally dia no; nececsarlly Pertain when/ an. individual-‘
¥

process was consrkéred. Amoaamthe four contlnue tasks, for
% e "’(‘ 1nstance, the two matrlx tasks seemed sllghtly eagier than-
‘ the. two lrnear tasks.‘» Horﬁower, tg taL, numbers of
' ki

correct~reponses for each task, ‘arranged on largest to

Smallest, did 'not reveal any apparent ‘sSystem. The results

"‘ .

ivof the prese%t study, therefore, do not supply the evxdence

tc 'conflrm that chlldrbn are llkely to experlence less
\‘J“w4 fg 3 "
~ 4 ;

dlfflculty ulthﬁgfe 51mp1est numerrcal 1tems than Vlth the

< s

_more dlffrcult gecmetrlc tasks. !

, e T \ )
NeyertheleSS, the performahce of the sample on the

o

tasks of the" Pattern7 Proce551ng Test W1th preset correct

answers damcnstrates the ablllty of Grade three pules to
y L

. o solve a wlde asSortment of pattern proce551ng problems with -

varylng degrees cf success dependlng ~on the dlfflculty

componert built 1nto the itens.,
u , o o T

The four generate‘tasks presented a differ!!t kind =~
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. ] s\?&\«! 5 ey %
wlth a further 48 examgles in the ‘tu0<'numer d tasks.

,chlldren two zero scor"beach

.appeared to te thelr crlterlon of success.f

. }/.__-" - f_ o ‘ /‘“‘4\

of prohlem tp the chlldren whose efforts ranged from the -

productlon of/random -lines of elements - to. sequences and
/

matrlces havang mere. complex pattern descrlptlons than: those

presented ;n the tasks wlth preset correst answers.

Tav

. e Co e Q&a
\ . ‘ . N . N
0f the. total possible 1300 seguences and matrices

L)

lu e

in the four generate taskswngarlf usand scorhd poxnts._

\

*3 -v,L\__ / ',
In the two geometrlc tasks, aﬁ§p£ guarter of themsﬁquences

v )\ - ,,, 'l _,:

and matrlcee' dlcpl'yed raqﬁomnémg partlally on completely,

Although no' child ‘had ,zero scores 1n all four generate

"tasks, two chlldren ‘kch had three zero scores each and nine

R T

¢

The incidence of randomness in the.generate, tasks-

: may be-.due to some chlldrenls “lack of experlence wlth

creatlve types of act1v1t1es both 1n and out ofgthe ~school.

Ty

When the. chlldren uere maklng thelr pat ns with‘the L
x ‘ L
coloured shapes, ‘it was observed that some chlldren seemed

satlsfled tc complete the sequence or matrlx wlth no regard

for order.é The;cclourfulness of thelr flnlshed ’productS"

._l_ oo » ) .
\, . . . o . .

With few - exceptions,. those children vhoisCoredJ
. . L o e T T e
consistently uell on_the four generate tasks* vere above

w4,

Average sccrers on the @attern Proce551ng Test generally.

La : . : L=
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. Hovever;”some childreén with high scores in some tasks with

A g

. " ) oo ..&, ‘ - . . ‘ - . - . .
preset correct answers - performed® - poorly in thewgenerafe
. tasks.

The'éompiex patterps produoed~by a ‘few individual

" Grade three childrei’ in pattern processing.

- -

. The_”individual children whose perforhanoe on the

: ' ] : A . P .
Pattern Processing Test warrants,vthelr identification as

successful , pattern processors do not easily fit'a set of

. -~

-+ uniform characterlstlcs.t. However,, some trends appear,-

P

orocessing. .Wlth one exceptﬁbn, the nine chlldren Ulth two.

r

“or MOTL € sccres of 9 and 10' on the pattern procéss1ng tasks ..

were hlgh achlevers‘ on the mathematlcs' and 1ntelllgence

‘ tests,' though the reverse is | not true, as noted preV1ously.
The - group of nine -’ 1s made up of flve boys and four glrls so
- sexdseems'to‘piay'a minor rgléi if any.

oo . . S -
AN . A . . . . - - i

ﬁ{7$;u . S - ALl nihe children were beYond'the pre-operational‘
iféij‘.q; stage in. both conservatlon ‘and c1a351f1cat10n, with hg}f of
- ‘vlb\/.“’ A \’\ 14 .
‘vé,.af;-‘,them ,operatlonal ‘in all six Plagetlan tasks. However, ,
el YT e R : . :

~ because therelwere'many conservers and cla551f1ers-,who' dld

ynot perfgrm well on the Pattern Processing Test as a whole,
‘it must be;emphesized once;againithat being a conserveri or

SR
Ly
S e

P
XS

—- ) - .

children give an indication of the”potential ability of some’

'partioularly vith .regard .to 'varrables other than- pattern'

-
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classifier on .all six Plagetlan tasks d1d not necessarlly,

‘guarantee ‘success on the Pattern Processxng Test.
| Although it mlght he' expected ~that these ninet‘
children- wculd ‘score well in- the generate tasks, elght ofg
> them had scores oﬁ 5 or less OR at least one of the _four
tasks.i Five of the group earned 9 or 10 p01nts on at least'
;one generate task, with one glrl scorlng two tens. Su0cess

o 'Aonf the generate tasks dld not seem to be a cr1t1ca1 feﬂ/nre

of . pattern processlng ablllty.

»

‘égfwever, ’o"e' of the» tasks of  the eﬁPattern

L xE

N 4 . 5
.Processingg . Test appears AP be. 51gn1f1cant Test P

[Numerlcal' Matrlx-5Interpolate}~had fewer correct responses

i ‘“than any other task All flve children who scored well on
/ o Test ‘P performedt Hell on- the Pattern Proce551n Test as;a"
..yhole. ‘Eight - of the n1ne chlldren regarded | as . hlgh
performers . cn {he Pattern Processlng Test had’ scores of at.
lleast‘é'onf&est/é vhich is nearly tvice thH®. mean‘,score 1of‘
3;22.’ The remadnlng cnlfd who earned 2, vas well below the.
‘rest} of thev group in 1ntelllgenceg'and:.inl mathematids
. -@"achievement. | - | | o |
.'},j Aeif |
| Test P [N H I] appears to be the only pattern‘
: proce551ng task uhlch separated the group regarded as high

o

- performers from the rest. of the sample. It wlll be recalled

P ‘ ] . . .
. C . ¢ . o S

4
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from Chapter V that the error qﬂgponses to thls task seemed

to reveal ‘very clearly the error strategles wvhich the

: chlldren were employlng. \ /)%

A. neat Gheck ‘1list of the characterlstlcs of a
'success%ulfpattern processor, does. not emerge‘ fromi.thls '?
.study,l‘though hlgh performance on ¢he Numerlcal' Mafrix:
Interpolate task, as vell as. hlgh scores on »mathematios

‘achlevement and 1n%elllgence seem 51gn1f1cant.

R
.le:‘r‘

55%?$&vifﬁ %”.' e Y
#a o R
§-S-&£&£.£§e O§_2w9 P1aqet1an»Tas s -
A3 i .
: - ¢ : -y .

The seccnd major flndlng notes -the 51gn1f1cance of

o

 two P1aget1an tasks f‘n_ ela ion to the pattern proce551ng X

=ability of Grade three pdprls. Two results  of ‘the"
-Transformed Triangles: Task and Additive ;Compositibn ofk
Classes dlstlngulshed then from the other;‘_b four Plagetlan"
o .tasksf f Jrade three chlldren. The sample as a vhole vas-
.V almost comp}etely succesﬁfhl on the» two conservatlon of
number tasks Aand uultlpllcatlve Comp051tfon of Classes, an
1nd1catlon that Grade three chlldren have- p0551b1y ~reached

Sy

.uthe' Celllng on- the:;//tasks. - The other thtee tasks, the
Barns Task the Tran

rmed Trlangles Task and 'Addltlve.?
Compos1tlon of Classes,' separated the chlldren 1nto<§hoseﬂ

[

who could ccnserve or cla551fy and those who could ~not 'do

. S0. The valldlty of .the Barns Task -as a measure of



. ,development.

'2545

¢ccnservation of area,in-all Cases is, however, questioned.
.’~)

v

On the other hand, the Transformed Triangles - Task

‘and Additive Comp051t10n partltloned the sample imto three

groups so that the’ conservers or classzflers -uere’ clearly'
) LR 'J" :

-dlfferentlated from the nonconservers &nd noncla551fiers,

wlth 7 and 23 chlldreg:>respect1vely, belng categorlzed as
» '

¢

' partlally successful.‘_ The Transformed Tr angles .Task

’

cornelated 51gn1f1cantly (r~.20 to .32) wlth 13 and Addltlve.

Comp051t10n Hlth 8 of’ the pattern process1ng tasks. : Though.

prov1de : some ) =tatlst1ca1 . 1nformat10n ' about ‘_pattern'

’

Processing abillty at a“ Grade. \three‘ level ,when many
' \

‘childrenz are pas51ng tﬂ@%ugh the transztlonal perlod from

the preoperationai to the concrete .operatlonal istage of

e

A may‘be recalled 1

was ‘categorized as - preoperatlonal‘ on elther of these “two

tasks. From this study it appears that unless he, has the
13

ablllty to4 conserve ‘area along wlth the Class 1nclu51on

' skill, a child at- Grade three level 1s unllkely to be hlghly

9

Qisuccessful in pattern process1ng. : .

&

\hat none of the nlne chlldrenr

hlgh rerformers on.the Pattern Proce551ng Test "
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ST e

ngldlty and LOQlC in_Error Strate gies

The third major glndlng of the study arlses. from

<the categorlzatlon of error strategles ‘employedW by the.

children on the Pattern Proce551ng Test, pqrticularly'On the

numerlcal ta=ks,.

;Ewo' qualities of the .chlldren s mathematlcali

thinkgng ~can be 1nferred from the error strategies four of

which predcmlnatE" next ‘D mber, assoc1ated multlples,

correct elem"ts in reverse order 'and dleoyalty to thef

T

, giVen.- Rigidi Yy’ ens to cﬁaracterize theitﬁo mQSt'frequent
error stratégies, n t number and assoc1ated multlples. Epe

,childrenl whose - error ‘responses : ell 1nto ‘ these two

»
catégor;es seemed to be domlnated by the process of countlng
consecutlvely.. Thls 51tuat10:% ay arlse- because the -

' -

: countlng act1v1t1es experlenced by young chlldren are often :

-

{restrlcted fto the oral rec1tatlon of the 1s sequence and

vorkbook exerc1ses 'for whlch knowledge " of p;the , next‘ ‘

consecutLve number prov1des the correct anSwer.,

L)
tos e

Y/
N ;
“The use.of assoc1at1ve multiples was ev1denc§ that‘

the chlldren were- no longer restrlcted to countlng by 1sy

Ny

however, a lack of fiex1b1ty stlll exlsted *in that the
chlldren adhered to the idea of countlng in- groups thatf

would orlglnate at zero. Because of> the de51gn of the -

! i : . Lo
. o -

N T
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itenms, -only those children able to recognlze numerlcal
relatlonshlpc of a non- routine though simple nature could be

‘ successful ¢n the numerical tasks of the Pattern Proce551ng

Test.

On the otner hand the fact that most of theﬁ

_chlldren s error respon es could be categorlzed accordlng |
stra egy 1ndlcatec that the chlldren were employlng loglc of
a \?rt in thelr problem solv1ng. Bartlett (1958) malntalned
that hisg adult suhjects did not- guess randondy *m'The same
‘cla;m may ke made for children wﬁo employ any of the fourdﬁ

uu‘

such as repetltlon ~of  part or - the sequence given.

"Altogether 61}/6§‘the 4310 responses remalned uncategorized.

If an’ exhaustlve analy51s had been conducted this humber.

’.?“
- Hay have been con51derably reduced

\ ’ ‘ ‘.-

The low proportion of error responses remalnlng

uncategorized"tbgether with the few error §krategles lends.
support*to Ccilis's~(197a) s atement that children's answers
“to mathematlcal problems are'““seldom _'qée' result,_ of ...

carelessness.

i
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. TMPLICATIONS |OF SOME OF T FINDINGS .

<

FQr Classrocp Teachers

‘Pattern processing ‘pProvides a rich s urce of

‘

problem SOIVJng 51tuat10ns nhlch do ‘not- 1nv01ve readlng i;f

‘The results ~of this study 1nd1cate that chlldren from all

-~ s

v normal 1ntelllgence levels can be successful, especxally as”
S . -

-

en p0551ble. It was observed

L

v’e Pattern Process1ng Test

many corre;t answers are

4 vthat_‘the"chlldren seemed to enjoy especrally .the . geometrlc
tasks.. Hhen the flrst of the numerlcal tas were

presented “a number éﬁ chlldren at each school commented on

- ¢

the mathematlcal nature of the act1v1t1es, thereby 1mpl¥1ng
that t}e geometrxc taskS~ were not connected w1th thelr

notlon of mathematlcs. The appeal 1nherent in colourful

[y

» geometrlc ‘pattern act1v1t1es 'can be exﬁEnded to numerlcal
/

tasks presented attractlvely and proudly. If the chlldrenrs

reactlons of dellght to the pbotographlmg of the1r geometrlc

o

patterns in thls study ire any . gulde, .the ‘opportunlty to:Qf

create~ patterns of ‘their fown, uhichté e recorded .d

dlsplayed ;may~.foster5 more ‘positive - attltudes jtowards
- mathematics, C | "

R

5 La order' to reduce the Dlgldlty-embodled 1n the
; ',“;'( .°'.'&:" B

'“'. PO
u!:;‘ chrldren*saerror =trateg1es that wvere demonstrated -w1th1n

L4




,Lnformatlon abou't a Chlld' thlnklng strategles,_ af guide

_perhaps to %15 qgrformance in other areas of mathematlcs._f

SR Teachers  who .are concerned about ‘their pupils**:

-~
5 0.. "

this study, teachers may tahe preventive'measures;\such as

the'introduction cf group,,counting starting ‘atf~a number

’other. than zero, SO. that more flexlble approaches to the

.- N
P

Y

‘solution' of prohieﬂs '1hvolv1ng relatlonshlps g may Apbe

) . U ! ° ‘ :
developead. | - ‘432
Slmllarly, teachers may feel encouraged by the
. £ 3.7

11m1ted number of errnr stra*egles the ‘children employed ;ﬁ
'C

this study to plan a preVentive program so that productlve
rather than unsound problenm solv1ng technlgues can . be

developed.»

;Teﬁt P [Numer10a1° Hatryx- Interpolate] proved to

be 51gn1f1cant Hlthln thlS study for two reasons. 4 Flrstly,'

. /
it - was the' task Uthh seemed to set apart the chlldren

regarded as hlgh perforners on the Pattern Process1ng Test°

and secondly,' through the categorlzatlon of its. -error
o s

- responses, the chlldren s strategles were ea51ly 1dent1f1ed.

Teachers who "wish’ to,‘assess thelr puplls' progress in

‘fpattern processing may flnd the constructlon mllar
i

itens a useful toql for evaluatlon purposesa. NPT Sl - test

1nstrument may also provlde the classroom g :am_éith

‘1 . .
» L _.: L

> A%
b
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‘ b

knovledge of nuaber facts may :1ookp,t0'vpattern proce551mg
activities as one solutioh“-to‘ this pedagogical‘problem.'

'_Rather than recortlng to. memory dr111 as the sole means Ofv\

-

1nculcat1ng number fapt mastery, teachers ‘may con51der the

beneflts to be galned from the study ~and applxcatlon " of

'pattern. It seems de51rable for the Chlld to. reallze that

S e :
the numher “4ystem is not s1mp1y a haphazard
collection of isolated facts but - is highly
organized, self-com51stent, complex and inter-
. related. Until the’ child" -gains this view of
‘numbers he has not understood the number systen.
It is the viey of the number: system-as a logical
arrangement -cf ‘numbers‘that helps to distinguish
the mathematician from' the" drudge who sees ‘numbers
as separate and distinct ‘entities. One  uses the
logic of the system to assist his work; the other
struggles with his work becausé he has not - seen
the logic (Educatlon Department of VlCtOIla, 1964, -
.- #D, p.l).. : , : . R

N

Teaéhers, mayf be advised to Tncourage their puplls not only"

to look for patterns of the geometr1ca1 and numerlca vind
-

.presented 4n  this study, but also to become aware of the-

relatfonshlps 1nherent 1n other facets of erjmigydfyy=school

mathematlcs.‘ i . AR o o S

For the Cur ulup o ,d e : S

H
PR

Should curr1culuﬂ’developers dec1de that the study,
of pattern s;'a valuable component 1n eﬂlmentary school -

mathematlcs, thlS study furnlshas them wlth evldence that.r

.Grade threeﬁchlldren possess pattern proces51ng ablllty over

v Y :
‘a v;de range of process 'form,_arrangement and type. The
_ E - R N -
- oy . ‘ ) . %’

259



-

,
/

"vardation in - performance: pexhib@ted by ‘4the . chllQren

/

) e
-

B

, ]

underlfnes the necesS1ty tH Aany curricutgm change should

,\- *

‘take into account "the’ d1fferenc* fin abﬁ&lty ameng childreﬁ'

Q
e e B =

: even of the ‘same age and gradeu»eVeL‘ -Q-‘j‘ B VN

4 . S & L@

w0 . : B
N' ST I
¢ N e k n C e
v . , R ) A ¢ -
C. Bl E - ‘_, . .
e -

@@neral or&er 'of dlfflculty experle@ced by

' thls sample ct 100 chlldren may suggest a p0551ble» s@ndence

f developmenfal act1V1t1es d951gned tOsepr?e yo&ﬁ%’puplls

"to a varlety f' pattern . problemslﬁ embodxlng uslmgle

relationshlpc of ©as routine . and: ,nonroutine ‘naturea

Inltlally, a small closed system; ofp af llmlted number of

rd

o

1
-

: ger.'.

.

/]

ﬁﬁf

coloured shapes ‘can’ prov1de the settlng for manipulatlon of &

~

contrete objects €0 that the chlldren may actlvel? learm not

. o 8 \ .
only to solve\pa+tern problems butgalso‘to create tmem._ The.

T
EA wr

llSt of pattern deScr1pt1ons assémbled for “both geometrlc

and numerlcal saquences can serve as a resource,‘wlth those

items whlch“proved* too' dlffl ult for' the Grade +hree

~ e 3

.children ‘in the study actlng as ‘po;n;ers towards more

J‘

© difficult ‘relationships that do not ' require adyvanced

[ : . ’ . . - L ’ ’ - .
mathematical knowledge. ‘

S . : . . ol o

. .. - . 1
For. Mathemat1c§ Educators A e ;A,l
: : e S PR S
N \ v . . ;Ab\ B ‘
‘ Two results of thls study apply spec1f1¢a§i§ to
, :

uathematics' educators who \_are respon51ble : for“ ~the'

' profe531onal preparatlon of prospectlve teachers. E@hejyoung--

I

. Q\,‘

"”V

Ko/

-
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N

teadﬁer'“*may hare 'studied mgpg aspeaﬁg ’ mathematlcs

.f‘

- e

1N

educatlon yet lack _the knowledii of- how chlldren thlnk . ,.

hmathematlcally. ' In-‘the pattern processxﬁg task- Numerlcal- v ﬁ‘
. . AA ’ A‘
Matrlx Interpola -1Test*P), the children revealed through

T ™

.rhelr ‘ error strategles some “of the quirks in their

mathematlcal .vthinking. . A valuable asSignment ~ for

aty k]

~ . '

;Qprospective teachers . might 5f5e5u..for ' example, . the

QGStfateg‘.s €rp. v€d by the1r partlcular
0 . "4

‘_knowledge 00f suchdfdlfferences ‘may 1nfluence the young

“teapher to strlve; to develop a .battery of ateaching'J

-

: acceptance of 1nd1v1dual‘dlfferences,ln abillty, ach;evement . '#.‘
\ P a

\‘.\ .
w o N

“administration of . this ,simple"exerc1se to a group of . .. 4

. T i ’
Children, . fol:nwec by the categoglza }\of the error . K

V °

¥ e L v

'CtS,' : I e

S
s 1s the -

flty fo; proﬁpeetlve teac

. N8 . ol'-‘ ﬂ n'

and maturlty found amqng puplls 1n an apparently homoqeneous '&

t...,“ '.‘9\

S LésS}]“ Although the 'othen four Plagetlan ;'tasmﬁd pay

o,

s

'dlfferentlaté chlldren at ‘a 1ower level than“Grade three,v_ ',.i
the Transformed ?rlangles Task -and Addltlve Comp051t10n of\‘ g
Classes separated ‘the chlldren 1n thls study.v These 51mply

~ 4

admlnlstered tasks can prov1de the ev1dence te conV1nce thg

prospectlve teacher that chlldren vary '1n the ways theyc . .

u 3

think loglcally, aastate of affalrs llkely to affect thelr]

performance ;in, conventional -mathematlcs act1v1t1es.f The
- NS " . \"-, ‘UA

ngchnigues." N T BN .o o ' A

- . g R SN
. o . . . L
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T

. .1- ‘. . . . . o ‘ o ' o . .’ . . ‘i“!‘
RECOMMENDATIONS FOR FUTURE. RESEARCH . = _ o TR

& e

2 mathemailcal 51tua%%pns 1;>a;y1ng reiatxonshlps. . L

N

e . . ) R ‘ . ,’ o . ‘ iy .

Thls study has concentrated a:»fﬁé. products4‘off
I v :
ch;ldren's pattern' proce551ng. _ The responses made by the

4 44,4#& M

-

chlrdreﬂ png1ded the data not only for tmg 1nvest1gatlon of

v‘h . ‘ “g . ! . “"_) .

he pat rnnp:ocecslng abllitles of Grade three puplls 'but

LX et -

also ‘foQ: {3& e-gwflzatldnyf'kf error . stratsgles.. Donal son
STar "'JQ i (r RESI s -‘.’

P (1963) used S""ﬁhln&ing# aloudﬁ;.technlque to exp&qx n_tﬁe

r

'mf prob&éﬂ solv1ﬂq dﬁtrategles of her sub]ects. The hl'rarchy

gt

of paﬁtern procesﬁﬁhgiipsks contalns blocks of t@sks éroupedv ir;‘

¥ v .
‘aecordrhg tes Procqggy - form _and-‘_arrangement; - It ' is
R R TR I . | )
rrecommended that the tests prepared for each block of tasks

[y e e
< - L‘

L'*:stered accordlng to the "thlnklng aloud"cv:7chh1queid0.

img,y§@¢: tc dlscover more dlrectly hou chr}dren perateginl

‘ - L N A X

. ) ~ : o L ) . *
S o

Thls study focussed on Grade _three childreh.[ﬂ It o~

‘“~ [ ) & /

. [
is. recommended &hat the pattern proce551ng ablllty pf

A9

B

chlldren at cther grade 1eVels be 1nvest1gated «along wlth
[

“the - six F Pladhtlan tasks' measurlng conservatlon and
'cla551f1cat10n. Such research would reveal Hhether the,same :
Aorder of dlfgnCUIty pertalns for_ all elementary school

- hlldren add aISOwi%%{ner the Plagetlan tasks other than the

“ansfonmed"iTrIaﬂgleS“"Taskffaﬁd~'Addltlve‘ Composition of - .

’ Qia ‘es relate to paxtern proce551ng 'ablln.*ty,‘gl partlcularly‘

A "7 S 2 - . .,d, . . .
o-ecf youngerfchlfdren. S L R o . e
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,An”cther area of%reseax&ch connected wlth this study

S . T 'is"“ the 1nvestlgatlon of ‘other pattern processes,' such as. -
R a R LT * . ) o
(R c-opylng, transpos;ng and reproduc1ng from memdry. -

: B » E’ . . » CT S
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e sirable Iongltudlnal research progect wOuld.

study of pupils, for | ‘whonm _ pattern ' is,_ tl‘ie

B

,@,; O ’superérdln!te tdp‘ thmghou@fz,thelr elementary)w school” ‘\
ot
A
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9,

Blue

Green

Circle

Diamond

Ellipse fegg)

&

Seaicifcle (WE11)

@

AN

O

Red

Yéilow

Rectangle
Square
Triangle

Wedge - )
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PATTERN TES

ﬂg_ssia;ﬁi

v R \,/28{

Y

T A "GEOHETRIC:. LINEAR: INTERPOLATF

Task card in colour a
Blank fpaper for responses

‘

’ T GC BW GC RW * RV  [GC)
C#2 BE YE BS. YS *.YE [BE] "
#3 "BS * BT RS RS BT [RS or BT]
= (7 GC GC YS * GC GC QYSJ “ ‘
#5 " RE-GC * 'RC BE GC [&C or RE ]
) 16 RS GS RS BW GS BE * GS RS [(RS] .
47 YC G6C fq GE YE GE ¥C * YC ~ [6C]
¥8 BS BS * RE RE RC BS BS BC _[BC)
£9 GC YS'BC * YC BS [GS]
#10 RT * BT RS YT BY [ys] o |
: —_—
Directions: , |
C® P

Write on y
goes in the

. _ #] .
Leok at the way each row of shapes is pade up.
cur piece of paper the shape with its colour tha

space., ‘ <.

Y

Five minutes

t
\
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PATTERN TEST B GEOMETRIC: LINEAR: CONTINU_E

Haterials: Task. card in colour
Elank paper for responses

Iteas: s “
# 1 BD YE BD YE-BD [YE,BD) 4 o
¥2 RD GD RS G5 RS Gs [ RC,GC]
*3 RS RS YD RS RS yp (RS,RS] :
#y BE BE RC BE BE. [RC,BE]
45 | GD YT YD GT Gp yr [¥D,GT)
46 GE RE GE YC RE YC-GE RE GE [ YC,RE]
" | YC YC YE 6D 6D GS ¥C yc yg [6D,GD]
#8 RH BH RH BS RS BS RN BH Ry [BS,Rs]
#9 ¥0 'BH 6D ¥H B [ GH,YD]
#10 ., RC BD GC RD BC [GD,RC)
Dﬁrections:t
— .

Look at the way each row of Shapes is page up.
Write on your riece ‘“of Paper the two shapes with their
colours that come next on the right. place the blank sheet
of paper under the right\hgnd edge of the task cards. I

Tipe Allowed: Five Rinutes
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PATTERN TEST ¢ GEOMETRIC: LINEAR: REVERSE

Materialy; Task card in colour
Blank paper for responses

Items:
#1 ' [GC,YE5 GC YE GC YE GC
2 [B¥,RW] BT RT BW RW BT RT . <
43 [Y¥,GE] YV YW GE YW ¥¥ GE -
4 " [6C,6C] RS\RS gC GC RS RS
45 [YT,BC) BT vc' vT BC BT YO j
#6 [BC,GC)" ¥C BC YC 65 BC GS ¥C B YC
¥ _[és;ECJ RN RW RE BS BS -BC Ry RW RE -
#8 ~ [GW,YV] 6S Y5 Gs vW GW YW GSIYS GS"
#9 [GT,BE] RT GE-B® RE GT
#10 .? | [GS,RC] YS GC RS YC GS
. » . |
Directions: !
T T . , . ' 5?

: Look at the way\each rov of shapes is- made up.
Write on your piece of paper the two shapes with their
Cclours that ccome next on the left. . Place the . blank sheet
of paper under the left hand edge of the task card. - \

*

Time Allovéd:‘Eive minutes : T .

‘o

!

"Scoring: - ’ ' ) :
’ -
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R

L

#5

'I\ #6

%

#8

#10 .

ET RS

GS GS

FC RC

R vr
BS RW
g g;gg%
YE ve°'

EC RC:

GE YE

EC RT

284

| <
METRIC: LINEAR: SELECT
3R 'in colour </
8151} W'paper for responses
r
N
L A. BS_BT B. RS BS
BT.RS BT o o
- C. BT RS D. RT BS
_ A. ¥YC_YC B. GS GS
YC YC GS GS i | |
B C. YS GC 'D. ¥S ¥s
0 A. BC BC 'B. RC RC
BS RC RC BS . / -
: C. BS BC D. RC BS
, : A. YT YT B. YT GC
GC GC ¥T YT ' |
: C. yc 6T b. ' gclGe
: A. BS RV B. BW RS
RS- BW BS RV s
' ) . C. RW BS D.. RS BW
T X A. BS BS B? RS BS
BS GC- RS GC RS BS RS | -
- . . ®. GC RS D. RS GC
- b ,YE'YE B. GS_GS
YC GS GS, YC YE YE YC , A
- . C. YC YC D& GC YS
L A A. RC,RS B. BC RC
RS+BT RT BC “RC RS R g
, L C. BI_BT D. BT RS
! ' A. €5 ¥C B. GE[YE
GC YS GS YC GE YE GC .
o C. YE GC D. Y¥S GS
T 'A. GC BT B. BC RT
GC BT RC ' - 2
C. ,GT_BC D. ,BT RC
' “
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’ Lt
Directions: S

Leqk at the way each- row of sha‘{ae_s is made ug.
Choose the .shape with its colour that you think comes next.

. ¢ .
Iime Alloved: Five minutes v » v
Scoring: ! . '
The score is the total number of correct responses,
-
‘I
v L
» . :
~ 8 N
i
1
N ~
:l.
' - \
- ¢
//'
Is ~
. i AL
y \
* £ ~
. <
. LA
-
) :
!



PATTERN TES

 Haterjals:

P e

]
[
I
,O
L 3
.o
o -
Jos
3
®
-
-]
[l
=]
=
&
[ I
n
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<
T E GEOMETRIC: LINEAR: GENERATE

{ o a o 4 R
Card ;frked ¥ith four rows of 'seven collinear ‘
cells - o , v
Cardboarg circles, Squares and triangles ip red,

blue, green and.yelloy (144 pieces)

L}

- L
y

-

You have been worﬁing ﬁith pPatterns going along
Use your coloured.shapes to make'patterns of \your -

o

'ogggsi Each . child's " .patterns - are

. , : : LI
- each ‘sequence, one point for g tern in the-

For
one point for a _pattern - in "the & lours, Two
ccnplexity beyond the level of,alternating shapes'.

YIS, or reflection aroung thefnidyle,elé%ent;
. . t . . / ,. V BER o ..

Y
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GEOHETRIC:
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INTERPOLATE. .

- -

2zle there is a pattern going.
Try to find how the

. PATTERN TEST MATRIX :
gateg;g;s. Iask cards in yolour .
lank paper f£ responses
Iten #1 .
LE : L) . - L]
[ o ] 7
. BT .. | YE {. BT | YE ¢
- | ) lf 1 : l
. - + : { —
o I | [ | |
. : | YE | [BT] | [¥YE] | BT |
. ‘\\ i I l | |
o | o +- t 1 -4
B | | o (
i BT I. [YE] [BT] 1 YE
N | : { - I |
‘ - - + t { —
o I 3 | B |
\ t YE | BT. 1 YE. | BT |
{ | | | ’ |-
N — d d i - |
Directions:
q o ~ In_ this kind of pu
) both ways, sidevays and up an down,
shapes' .go Leth vays.

you' think goes in .each em

...—.--—.-——-

Wlthln e

four cells is

four cells is COr

p01nts.

rect.

Seven minutes-

achvitem, one
correct, - and
The score i

Write the shape and its colour that
pty space. .

.

-

point if the colour 11n all

one

point if the shape in all
the total number of
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PATTERN TEST ¢ GEOMETRIC: MATRIX: CONTINUE

Materials: Task cards in colour
Blank raper for responses

-

Item #1,
[} L} T ¥ I )
[ o | |
{ YE | BT IVYE | BT | YE
| I [ I l
—_—t
I | [ | !
| BT [ YE | BT | YE | BT
| | { | |
b + { 4
. ) | I | -
{ YE | BT | YE I BT | YE ‘
i | | - [ ’
ety
N A I | M
| BT | YE | BT | YE .4 BT
( I i | | :
| Y A 1 A 3

YE BT YE . Br’

- In_ this kind of guzzle there is a.pattern going
both ways, sideways and up and down. . Try to find . how™ the . -
" . shapes go ‘tLoth ways. ©Write the shape with its colour that
You think cémes next both ways. Place your task card in the’

top left hand corper of the sheet of paper.
. : . {

’ﬂTame_A;;owegi Seven minutes o oo

'

Each vertical and horizontal_ line of four correct
- Ie€sponses earns one point. The score is the total number of . .
- peints. B i . . ' ) ' '

. }
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#3

%2
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L el m Dt m Eald
lIl'l..lT"'thlll'J'.l,.l.vll
3] v R’ ) 3)
(L) [+ (&) ~ (4]
Tl"lT"‘lV.ll'Jll"l
v ® 3 O n o £ 0 & O
>4 m L m Lgl > (L) g m >4
> — e —— e - — ] l'.-l-.lj rh.ll'lIll-‘lLJ'.l'lll".l
3] 3] 7] %) © = ;O E 0 &
O ~ ') w o K2 M B IR LI Ir-*
. - N n . . : -
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h . . . . . X - o
a - (=Yd m a & _m E+ 0 £
[+ m 21 m [+ [ >4 >4 QO >
T TeTuCt SEEN DS I S AT N
x a x L a o] [ [ [} B+ (3]
[22] 2] ;M ~ m Ll o o [22] Lal
. { ]
l‘."iT'l'll.l‘.lljrl"L r‘ll'J lllll ll,"l‘llll'l.lj
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Iten #3 L

Directiops;

“both ways;,éideways and up an »
shapes go Loth ways. ,Write-the_shape with its colour that

\\ ' ; : o 291

PATTERN 1TEST § GEOMETRIC:\ - MATRIX: REVERSE‘

LB

‘ P . ¥ y
Materials: Task cards in coloy ‘ ‘
Blank,_ rpaper for respaonses

RC GBS &§s
4 - v L v \ V.
oo T\
: RC 1 65 | RS | 6C | RC
I I I \\
B e t . '

{ N T R

RS | 6C | RC | G6S | RS |
T | i t /
—
i | | - I

GC I BS | GS | RC.| GC |
| | 3 e :
ey
I R R B (“\\

GS | RC | 6C | RS | GsS 4D
| B A | I | S o
e x 1 1 ' ~. )

In fhis kind of'guzzle there is a pa{tern going
d .down. Try to find how" the

you think comes next both ways. Place the task card in the
bottom right hang corner of the sheet of paper. . .- [~

N )

Each vertical and- horizontal 1line of four correct
Le€sponses earns one point. The Score is the total number of
points. N s . .

N
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#3

#2

BR GD

BH

RD

RC GS RS

GC'

5

#4

- YD  RT "

‘YT

BD

GE ° BT  YH-

YT
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PATTERN TEST I GEOMETRIC: MATRIX: SELFTCT .
Materials: Task cards in colour \
i Blank. paper for responses Xf.‘ .
Iten #1 o - |
. A - \
T 1 ] i 1 6c 6s
{ YC [ “GS . | Yc { GS '
B i i I | ¥Ys ¥c
- + + } 4
- | { ¢ | YS 6C |
M YC | GS i e | GS t .
i o l I - | ¥C Gs.
— +-= + -+ —
< | | ! | l.6C. Gs
bG8 | Yc | 6 | :y¢ .
i i [ " i I ¥Ys ¥c
- -+ t _ t : | ,
I l | .1 6C ¥YC
i Gs { YC | GS | YC | o
I [ l | | ¥s Gs
[ o e A A , -4 J ~
L ¥S ¥C  ¥S 6C ¥YS 6 GS ¥C o,
'GC 65 YC G5 ¥C GS GC ¥S \
‘Directions: . : . : .
= . R ' ‘ . . .. _. - [

) "In this kind of puzzle there is a' ‘pattern going
both ways, sideways and up and down,  Try to f£ind how the
shapes go both ways. - Choose the shape.with its colour that
" You think ccmes next both ways. - ' ) B

-

imé*aligggg;_Séven minutes . . .

|

§goring:' , . L L L L o :
ach vertical and horizontal line of four correct.

respons stearnSuone point. The score is. the total number of '

points. \ . -

-

L7

‘g
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pr — o

K]
IGS GC|RS GC

IRC RS|RC GS

q

T

&

i

7#3[

. -

-1 1BC RS}
A |
-RCI

.BS

—— —

(s

—

{1BS

e
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PATTERN TEST g GEO&ETRIC: MATRIX: GENERATE

rd . Y

v o L

v . " -

Materials: : ' C ) .
. Two cards each marked with a five by five
. -matrix. . o , L
Cardboard circles, squares and triangles in red,
tlue green and yellow: (144 pieces). '
\ T
4
Directiops:

*

. S
You have been working with patterns’ bing across

- as wvell as dcwn. Use your coloured shapes to make patterns
- of your own. ' R '

geéord'gg of Rgsggqggs' " Each .child's patterns are
.photographed In cclour - ‘ . :
Time Allowed: Ten Minutes ‘ . N ¥
- o
Scoring: '

! .For each of the two matrices, one point fér( each
linear sequence beyond the first in both the horizontal and
vertical directions, for patteras incorporating shape and
colour, the three transformations of reflection, translation
and rotaticn being taken into account. °Two points for each
matrix allecated for complexity in the form of three Or more
shapes or cclours. The score is half the number of points.
4 L s



~‘Scé'ring:

PATTERN TEsT K NUMERICAL: LINEAR: “INTERPOLATE

’

Qé;g:;;;_; Task éard'in'cbIouf
. Blank'paper for responses

dtems: ., : Y ' ' ,

- 1 Mgy g3 21 %9 10y

I IX 91215 18 )
3 _ 38 13 #' 23 o4 [18])
S~ f

L R R TR
'5 /360 2% 126 (44

#6 “*86129 [3y

SRR B 346 9'*. 18 137
p 8 . . 23 10 % 117 3 | [15]
i ' 262015 % &6 [11]
#10 2.+ 8 i(sqz T[4y )

gime_ﬁllg!ggg Six minutes .

The score jis the total numper of cg

.
[y

o =

' Look at the vay each rov of numbers ig made ug.
Write onp the piece '%5 Paper the Dumber that goes in the

')

Lrect Lesponses,
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PATTERN TEST 1. " NUMERICAL: LINEAR: CONTINUE

aterial :“Task ;ard in colour )
fate 82 Blankvpaper for responses

|

-Items: !
a ¢1""‘,"'-26 25’3o:§s‘hd'us\*f¥ 150 557
2 2119 17 15 13 Mm%« g 7]Lf .
3 6 12 18 24 30 36 *f\\1[azaa] |
| #4 . 2356809 » * (1112
"5 36 32 28 20 20 16 * # [12 87
% 4s54gaq 1213 * » 1617
b Y.~ 23581217 x4 .'[23-391?1
I 47 42 37 32.27 22 *x 117 12]-
‘ B 368928 (1246 “
- a0 - 1248 16 32 * ?‘- [64 28] -

', +

o, vf Look at the vay-each row ofvnumbers.isfmadé upe -,
Write on  the pieqe Oof paper the two numbers that copge next
on the right. -Place‘the blank sheet of paper . under the

right hand side of the task cara,

¥

~Iime Mllowed: Six minutes o

Scoring: : .

e The SCore is the total Number of correct responses ‘.
each of which consists of two elements in the right order.
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PATTERN TEST N NquRiCAL4 'LINEAR; REVERSE N
SRR R A
[} '
aterial Iask card in colour . .
ﬂ-&_‘ 13281 lank paper for responses -
Items: . ; L

N I 6] - *'x 8 19 12 14 16 18

12 ]_" £20 301" Bk ao 5060 :70 80 90"

43 5.9 * % 13 17 23 25 29 33 ‘
"o [ u sl/ﬂ"*'t 78 10 11 13 14 o
#5 . [30 27]  * %26 2118 15.12 9

' [90 101 - * %8012 70 14 %0 16

' 'Y | . [33 26147'.¥ *201511865

#é,' o [av.ui]j‘ *4*.35 29;23‘19 11 5 T

*9 ‘*'J [26 16]  ».% 18 12 12 86 4. f';
M0 4 o8] + 36 32 64 128 256 512

D&gggthhS" . ; v

Write on the piece of paper the two numbe s that come. next
. Oh the left. "'Place the blank sSheet of ‘paper .under the left
" hand side of the task card. . o

. . . o , . 5 " . . ?

Look at the way each row of nun;;rs is uade:ﬁ up.

. ! i . ) )
Tim g;gi;ovegz six minutes ' S R

..\z.

b3
H

__oriﬁéis .- ' : : :
o The ccore "is’ the total nunber qf correct responses
each of whlch consists of two elenents 17 the rlght order.

[y
n
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PATTERN TEST N

Baterials: 1a
'\ -
ns;:

I

te

LA
. #2

#3

Y

BT

#5

$#6

7 -

*8

sk card in colour
ank raper for responses
\ ! PN

L

11 22

12 18

.18 19

258

951

33 44 s5
S .

24 30 36

20 15 16

8 14 8

o

41 14 17

85 2

48.39 .30

66

42

11 14 -16-

21
r

810 13 17 22 28

7.67t
65

18
21

29

32

tt

|

NUMERICAL: LINEAR: ' SELECT

50

19.. 18

167
1210

20 -

a1

40

2 20

. A
o™

P

300
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- o . : I

- #10 1.2 45 10 1 . . 1 -
o 15 20
'Directions: ] S ‘ . o ' .
e Lcok at the way each row of pumbéfs is made up.
Choose the_number that you think comes next. o

°

Time Allowed: Six minutes
Séering:
The score is the total number of correct responses,
- . (/f
i .« . /
® . *
b
.
L
p t
<
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»

PATTERN TEST 0 ' 'NUMERICAL: LINEAR: GENERAT%’
. » [ - .

 Materials; Blank raper
e

Directjons; .

" You have «béen working with patterns going along in a row.
Now it's your. turn to make five Patterns of your own, Use

as least six nuambers in €each pattern.

=2X=E oy

: Iwo pcints for each pattern according to the.
following scheme: . . o . ‘ .
O points: 2. A repeated sequence. ’ :
‘ b. Attempt but i. No pattern obvious-
: : -ii. insufficient information
C. Not attempted -

1 point: a. SGggencq-of)multiples vhich would originate
v at ' ) ,

k. 0dd nuwbers o o - |
€. The relationship(s) in ong, complex sequence
repeated,in another sequen237\<or example,

mM‘L g1;i2; 4, s' 7, 8
73, 4,.6,:7, 9, 10 e
2 points: A complex seguengei for example,
multiples no 'orlginating at 0 ,
: - Alternating sequences

S
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PATTERN TEST P NUMERICAL: MATRIX: INTERPOLATE

Haterials: prepared response sheet

Ltem_#1 .
[ i R E
5 L2 4y 6y
i . r !
— 1 f —4
1 | -
( 3 1 (6] (8]
l 1 S ]
L} LB L § B
| I l - (
| . { g | 3
Lo[e1 1 (a1}l 10
| | o ]
[ F— ¥l r'| : ']

" In this kind of puzzle there %s,a pattern  going
both - ways, sideways  and up and down, 'Try to find how the
ndmbers go becth vays. Write the number that you think oes
in each enpty Space. : . : c . : %*"

ST

e . d e S

Time Allgggg; Eight minutes

Scoring: For each item, two points if fhe»fbur,elemeﬁts’age

 correct; one point if two or three .elements are correct.
‘ Rl _

The score is the total number of points.
. R N
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#3

#2

P

s s T ——

afhadt
™, .
n ~ o
- - -
el td
Tl'lLT"'lT'l'j
. Lo ~
O o~ > -
- - -

.o (5] " o
r|'l.lltl|,l“r'|1'j
wn ~ o
ST R R

~ i
o. m 0
m m ™M
bd
II’IIT'\"II“‘A'L
O m o
~N ™ o~
: B — el
o e e e > e e e -
=-1-=-1
o ™ ©
- - -
e
rlllLr.l"lrl.l'l

5

0

b e

1
{
'

{1911

B o
1
l
|
1

r

13 1016]

P e e o o

8
N 1
~ :
-
N
. [ .

Pe - e e vy
2
-
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PATTERN TEST. Q NUMERICAL: MATRIX: . CONTINUE\'

'gg_grial_; Prepared response sheet - ‘ ‘\
B ¢ - \ .
Itenm #1
TS T
-2 41 6 181
| | | I |
N t - $ o |
R | k|
34 591 779 31 R
A I | I
o o + t ~4 |
1 i N I I
: - 41 -6 '8 10
| | 1 1 |
IR o + { $ —4 )
| N Y P
S - T R N B B A
| I i l
. [ A - A A J-
- _ R - s - ' :
" Directions:

. '_ - In fhis ~kindlbfguzzle there is a pattern»gdihg

both ways, sideways;and up-and down. Try to find ~how™ ‘the
numbers . go hoth»waysf‘ Write the number thdt you.think goes
in'each empty space. : - - g - T

—— e S S .

Time Allo!ggg'ﬁight minutes

L Each\xsrtical and horizontal 1line 0f four correct
Tesponses earns one point. The‘score'is the 'total number of
points,. ’ . . BREARE - _ )
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#3

C#2
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PATTERN'TEST R NUMERICAL: HATRIX' REWERSE

"!vi l§7 Prepared response sheet '
\
IL—..” : #1 ° . ‘.\ : o ‘ .
‘ A TR o .
T
[ . d 1 - 4 - K
o ) . 1’
| I ' I
1 41 61 8| 10 ¢ .
Loy
A 1 —q .
R I
b2 9 11 13
BT I Y B
R 1 q ' 4
I |‘ T. - - |
PR T B K 1
L 30 1 2 ¢ 14 g 96 |
L. /'] 2 ’, N "'
i ) 4.

,g;ggc ions:
) N .In thls kind of guzzle there is a.. pattern 901ng

~both ways, sideways and Up and down. Try to f1nd how the

numbers 'go - koth ways. Hrite the nunher that you thlnk goes

"~ in each. empty space,

Time A 11 g; ightgmieufes" B

N » . |: . - o

‘Scorlng T T o ]7. :_'ff"' '
- Fach vertlcal and horlzontal llne of . four ' correct

.respdnses earns one 901nt. _The score_ls,theptﬁtalgnumber,of"
. p01nts. , SO . S e ' .

{
t
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#3
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PATTERN TEST S NUMERICAL: MATRIX: SELECT b

Baterials: Prepared response sheet _

Iten #1

] 1T o4 s |
{ 1 l 2 | 3 [ |

| i | .1 510 -1
(8 - i . ] 1 1

| L} L B L8 R ]

| | N . I 7 6 |

| 3 | 4 | 5 | |

| | | 10 9 |
o + { -~ : =
| l l 41310 ¢
i 5 l 6 | 7 | ot
| | o (8 14
" - + - + 4 e |
2 1041 7 89 10 8 1. . e
| | I R |

{ 8 6 ( 12 10 © 9 1 1

I: | (| ‘ A |
[ . . A i 'l l"

—— Sy . . .
. e

In- this . klnd of guzzle there is a pattern going
both ways, 31deways and up and down. Try to find how the

numbers go both ways. ., Choose the number you thlnk comes L

next in e¢ach .row and column

e e

iIime_Ai;bwegi.Eight minutes

¥

: -_.T— Each vertical and horlzontal line of four "correct
responses earns one p01nt. The - score is the .total numher of

,points. -
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Diééctions: S T .

N -
~PATTERN TEST T - NUSERICAL: |MATRIX: GENERATE

. . U' e - N o " oo e
Materials: Two blank four {gT;::r grids cL h

TN L e -

‘

. _- You have ‘been workihg with patterns goin across
as vell as dcwn., Now it's your' u

. your own, . _
) ) L~ :
, - ¢ - C
) A - r . B )
Iime_Allowed: Eight minutes - = & '
~ . : : 4 e
S . ' S g ;
Scoring: Eight point for,.eachi matrix according to the
©llowing scheme: = - 2 - - -
o ) ’ L T Y S R -
- 1 point: a. . Each row}hnd coiumn with- a fécbgnizabi;\ﬁ\\
. pattern o Te I ~-
: k. - 16 cells filled by the 1. to 16 Sequence: -
' C. - Onexline repeated four times - . e

'-éach liné' of  one . direction .is a'“%et¥~of

/@Eonsecutive'numbers,*two points ognly are earned, with : one.

point if - any oné-line;i$ not correct. " If another sequence

appears  in tke, Othgr direction, - one further ' point is’

'regordéd.»‘

‘e’
Y

- . . ~ : . - [

consecutive sequence is used or if the pattern is ntical
both' ways.- I§ the matrix is correct, one further point is
recorded. . e . ' o

-

Points are earned for one direction dn;g-if one
ide

1 pofnt: a. . A matrix basedrdn;éfline-of 1s -
: I - but different patterns generated -
- - “"Lk& | Seqdences in reverse order - - - - .
. - T .o -__‘" N
2 points: :a, Differentépétte;ns across f’ .
: and. down, neither containing line. of
.-  bo Doubling '

rn to make two patgerns of .~

T;p'édditional boidts are.alloéhxed.fdr cdqplekitY:J

R e
PR A
- '
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. APPENDIX B » «
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HOLLAND \TEST SERIES

s
-
PR -
.
v
.
v
» -
r -
. " .
[
A
-
-
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L4 TN
L
<

<

‘a



i

N
BN .
'
[EZIN

Shape:

#1
#2
e

. KL

#5

#7

Y
49
$190

T #11

12

#13.
#1
#15-
#16
N\ f17

‘#18

¥19.

N 20
L 421
#22

L

BT
BL
. BC
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TRANSFORMED TO COLOUR-SHAPE PROBLEMS

(From Klahr & Wallace, 1970, p.2044) |
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