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 ABSTRACT |
The development of~ problem—solv1ng ablllty has _“

always been a baSlC a1m 1n mathematlcs 1nstruot10n at the~

i elementary school level.‘ Nelson and Sawada (1974) under—'

\

took an- extensxve pro;ect in whlch they traced the

development of responses of young chlldren ‘to" oral problems.»'

'1nterv1ews 60 subjects were glven the parkl'g lo

e

subjects as.they‘did the problems were recorded on half

In the present study, ‘the behav1or of chlldren,-'

aged three to nine, was examlned as they attempted to solve

’

, two mathematlcally equlvalent problems 1nvolv1ng a coordin-

ate reference system. ’ The problem situations consisted of

[

a parking lotﬂand a theatre.w Problems;oleoc
selection mere presentedbto‘each subject.
The subjects were’ 1nterv1ewed twide. In:the:first
problem
and 30 of these also dld the theatre problem; ‘The'second
1nterv1ews were conducted -one year later. Ih this part of .
the lnvestlgatlon, 48 of the orlglnal 60 subjects were)
presented the theatre problem and 24 of these also

attempted the‘park%ng lot problem,_ The behaviors of the
. N r

|
inch videotape. ; : ‘ b

The apparatus used w1th each problem permltted}

I

dlfferent levels of solutlon The subjects exhibited a
var;ety of procedures in attemptingmthe tasks. Some sdbe
( . . AN ) ’ "
jectss used a random approach, others were systematic in.

their procedure. Counting, matching or a combination

iv ' ‘ o



femployed seemed to Lndlcate that chlldren work as well 1nm

...

N1

thereof were the technlques used to solve “the locatlon

‘problems. As the age of the subjects 1ncreased the amount

‘. 0 ~ =, . L

'of manlpulatlon of the materlals decreased ‘ '.« -- .

Comparlson of solutlon results and,procedures

: L

'two—dlmehsuonal spaqe as they do in three—dlmen51onal

;spaceﬂ However the younqer subjects were more successful.

Tln worklng w1th a coded triple” 1n three dlmen31onal space7,_

il

‘.than a numeral pa1r ‘in two dlmen51onal space.

,gr:f - The use of the v1deotape recorder proved to be a

very effectlve means for recordlng the behav1ors of young
chlldren as they solved problems.a Behav10ral trends %ere
catalogued after a team of 1nVestlgators had exten51vely

v1ewed the tapes. : pJﬁ 4

It was suggested by the study that further

<3
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: ©°  f‘Chapter I - .
( ' [ * p - \ -
THE PROBLEM AND THE NATURE

> ) OF THE INVESTIGATION
. ] PN

’ LT \, . t
INTRODUCTION AND STATEMENT OF THE PROBLEM
Lot ' J

Y
R . ) \ 'Y ) . ' .
. Theldevelopment.of problem~-solving ability has

.("

always been a basic alm ifn mathematics 1nstructlon at the

elementary school level. Con31derable research has’ been.- .
conducted to determlne the way children solve pProblems.
nfortunately the research has been concerned malnly with

“ w.\%rgp answers to problems given orally or which chlldren

“had to read Not much has been_done to determlne the

factors which affect children‘s ability‘to apply mathemat-

°

ical knowledge 1n the process of solving problems of‘
practical nature or problems Wthh have s1gn1ﬁicance in

the llfe of the child.

. . L ﬂ
Nelson and Sawada (1974) undertook ‘an extensive
J

project in which they traced the development of respanses
of young chlldren to oral problems. In the progect the
verbal aspect was kept to a minimum andgthe chlld was not =N
\“}equlred to respond in symbols The data for. this study
) has come from part of" the Nelson and Sawada 1nvest1gat10n.
N\  The domaln of their study was to:
a. . ldentrfy, select, and refine criteria for the

specification and construction of mathematical problems
’ ’ :



‘objects.

behavier of- chlldren. ' LA

- —_—

a selection of problem s1tuat10ns.-

q; -Engage chlldrenj under carefuily congrolled
gonditiOns, in interacting‘with the problem S?huafioﬁs.
"d.' OQﬁerve, record and categorlze‘ he behav1ors

A

‘manifested by the ch&kﬁren whlle 1nteract ng Wlth thef

" problem situations. v

haviors over the age range of thiree to eight.

ough criteria for the con dction of problems

ed here was 1ittle informdtion availabBle
Chl dren would react to different aspects
. Of the problem at dlfferent age levels Therefore the .

first step in the 1nvestlgatloﬂ wa q\establlsh guide~

h‘,

lines for the designing of problem 51tuatlons that would
(™Y

d’]whéghacéuld be used effectlvely to- study the problem~solv1ng

. b. Construct, on the ‘basis of the reflned crlterla,

&

N

be sultable to exploré children's behavior. The character-

(1975) were used. They are:

1. The problem should be of significance mathe-
matically. .

2. The situations in which the problem occurs
(!

'should involve real objects or obvious simulations of real

-

o

3. The problem situatjon should capture the

iét}cswof a "good" problem outlined by Nelson and Kirkpatrick
(/ .

\‘

e et . it 312



”1nterest of the Chlld J 1
4, The problem should requlre the child himself
to move,,transform, or modlfy the materlals.
% Co .PS. The problem should offer opportunities for
dlffgrent levels of solutlon. |
6. The‘problem‘sityation shouldthave‘ﬁany thSiCal' /
. embodlmentsf - | | |
‘ ‘i'7;' The Chlld should be conv1nced that he cah’ solvg
‘the problem, and ‘he should know when he has a solutlon fOr
. o : B
Six pairs of'problems‘ﬁere designed'to investigate
concepts such as factoring, serlatlon, the operatlon of

d1v151on, reflectlon, geometrical shapes, and a/éoordrnate

reference system. Although the phy51cal aspect of the
problem pairs differed sharply they were desxgned to be

equivalent mathematically. Solving proble s whrch involved
. - / -
a coordinate reference system'formed the/basis for this

[ ’ ) - ’ /

particular study. A simulated parking ot and theatre
were designed to observe young chlldren as they solved

problems in two and bhree dlmenSLOnal space.
"1 ’ . L]

BACKGROUND TO THE STUDY

1. Problem Solvihg

In today's world of modern technology and rapid
N
change, the ability to adjust and to solve one's problems
is of paramount importance. Many studies investigating how

<

- e . . e .
s : Lo



w4y,

children solve problems have been done in the. past

(Kilpatrick 1969- Riedesel, 1969; Suydam, 1967, 1974)

Suydam, in categorizing the research in elementary mathe- 'i?

matics,‘found that most studies were concerned with
children s verbal or written responses to problems} The
_ method frequently employed Ain these studies was to present )

the Chlld w1th a verbally stated problem which was to bei

solved usuaIly by uSing mathemat&cal symbols -The-reSpbnSES--w o

“alone did not yield sufficient evidence»to indicate the -~
thougﬁt processes that were involved,"Kilpatgick>(1969l
indicated that problem:solving had not been investigated .
systematically. 'ﬂe urged that problem-solving studies

build on previous research and that more ¢linical investi-
-gations‘be undertaken. ’ )

Attempts in other studies have been made to under-
stand the development of the thought processes oflchildren
;by'analyzing the procedures or strategies they have
employed while involved in problem-solving situations
(Affolter, 1970; Flaherty, 1973; Kilpatrick, 1969;
MenChinskaya, 1969; Stern, 1967; Yaroschuck; 1969) .
Havingfsubjects describe what they‘are thinking does not
appear to)be an effective means for,studying problem:,
solving behavior. ' Flaherty (1973), using the 'thinking
aloud’ technique, found there were.significantlylmore
errors made by those who were required to verbalize while

doing computations compared to those who worked silently.

%

ot 0 e

¥ ) I



o K
,Menchlnskaya (1969) descrlbes the lnablllty of young

‘chlldren to’ Verballze the course of thelr solutlon even
‘though they had successfully completed the problem ' mg.
‘ If chlldren are unable to descrlbe thelr course

hfof thought as ‘they solve a problem, other\means are o
j_{.,‘requlred to trace the development of problem—solv1ng
Aabulltles ' Some mathematlcs educators are beglnnlng to>
._7use technlques s1m11ar to. those revealed 1n psychologlcal
‘studles of hlgher cognltlve processes.,‘The work of Plaget
‘has had great 1mpact on the method of conductlng such
1nvest1gatlons He observed and recorded the actlons ‘and
verballzatlons of 1nd1V1dua1 chlldren‘as they proceeded

to solve problems accompanled with phys1cal objects fOundv
in a child's environment. Experlences with phy51ca1
objects is considered by Plaget (1964) as an 1mportant

B

factor in development He wrote: ‘
Experlence of objects, of physlcal reality, is
obv1ously a basic factor in the development of
cognitive structure (p 1)

Plaget s theory of cognltlve development has led
. to 1nvestlgatlons in mathematics educatlon which try to
, 0o
dev1se meaningful learnlng experlences ﬁOI young children.

Yaroschuck (1969) devised problems in- palrs which were

characterlzed by the same mathematical structure. It was

assumed that the'same process of solution would be required

to solve both the "subject problem” which was supplemented

with concrete material and the "numerical problem" which




-3

- consiste

than

[

s J

.

werevzﬂre successful in. solv1ng the "subject problems“
he | L

numerlcal problems

A few 1nvest1gatlons have been conducted where

< solutions to problems have been expressed in the arrange—

ment of physlcal objects rather than 1n verbal or wrltten p

<

hrespOnses (Sawada, 1966°;L1tt1e, 1974) thtle found that
-:tyoung boys would attempt to solve d1v151on prpblems through

~the manlpulatlon of phy51cal objects..

: Nelson and Sawada (1974),rec0gnlzlng the merlts
of P1aget s method of 1nvest1gatlon and a cllnlcal settlng,:
conducted a longltudlnal study whereby young chlLdren s
problem—SOIV1ng behavior was recorded on v1deotape. The
problems involved slmulated materials of'real 1life situa—
.tions that” would be famlllar to a child and that wou .
enable a solution to be expressed. w1thout the usaloéyf~
numerlcallsymbols, The behaviors manifested by the chil-
dren while 1nteract1ng w1th the problem 31tuatlons were
categorlzed | Their scope and sequence ‘were traced over

the age range of three to eight.

If“the relatlonship between problem solving and

mathematics learning is to be studled systematlcally,'

appropriate problem-solv1ng situations must be carefully

devised. Informatlon must be obtained on how.chil}dren

behave at different age levels when attemptlng to solve

" problems. This would enable the construction of problem—

L0

LS

'ofinumerical*content‘ He found that the ch11dren~‘



N {

. i

o solv1ng 51tuatlons whlch wouldlpresent mathematlcal con— o

HCepts in a forﬂlthatwould be most comprehen51ble tb young

' ‘chlldren

2. The DeVelmeent"ofga
o Concept of Space

How does a. Chlld develop hls concept of spjce when,w
’3spaceils thought of 1n terms of a frame of reference’ fIth
is: the space 1nvolved 1n an orlentatlon process Whl h :
,enables m%vement from one spec1f1ed place to anothe ;h
¥ Mastery of spaCe is essentlal for man and seems1to be
hachleved w1thout dlfflculty .We have all experlenced an
occa51onal upset when emerglng from an unfamlllar ex1t of
a bulldrng It takes only a moment to orlent oneself
How does a Chlld 1nterpret space7, What concepts does he
have at his d1spdsal9 thtle_research'has‘been-done_to“'
shed llght on thesellssues.yipiaget and his colleagﬁes;‘
, Inhelder and Séeminska,,have‘probabiy made-the largest
p‘contrlbutlon to a theory of how chlldren 1gterpret space
and. acqulre the various geometrlcal concepts to orlent |
themselves 1n thelr env1ronment. o
Geometry 1s a mathematlcs concerned ‘with p031tlon ’
or location in spacef 3Topology,-pro;ectlve/geometry and
Euclidean geometry are most closely related to children's
experiences. Piaget and.Inhelder-(1967) were rntrigued by

the fact that the historical and 1ogi¢alvsequences'of

geometry were in conflict. "In elementary schools the
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fundamental pr1n01p1es 1ntroduced were based on Euclldean

concepts such as stra1ght llne and: angles In contrast

'xthey have suocessfully demonstrated that a young Chlld

&

i ‘
‘and conceptual Chlldren s perceptual space has reached
\

11nterprets space w1th such concepts as prox1m1ty,‘separa-

) tlon, order and enclosure whach are topologlcal types of

;‘relatlonshlps.

. ) L
,f oy S ; S

‘ (t » ) s . . .
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Plaget malntalns that the evolutlon of spatlal

relatlons proceeds at two dlStlnCt levels perceptual

TR

:‘prOJectlve and qua31—metrlc levels durlng the.Flrst year

of llfe when thelr conceptual space has barely begun He

' also malntalns that the chlld s 1nterpretat10n of space is

developmental in- nature proceedlng from topologlcal space

\whlch deals with the 1nternal relations of 1solated

objects,(to prOJectlve space. whlch deals ‘with the relatlonv"

of the object from the subject s v1ewp01nt, and flnally to

Euclldean space-whlch deals w1th elatlonsyof objects.to

objeCts.‘ . Lo } ~ | | | | ’
| Laurendeau and Plnard (1970) conducted an in- depth

'study ‘on how a Chlld develops a concept of space.» Their

: ev1dence supports Plaget s theory that the acqulsltlon of

representatlonal space 1s developmental in nature w1th the

initial concepts being topologlcal.

Euclldean geometry is concerned w1th the relatlons

or coordlnatlon between dlfferent objects in space. One

.

rEuclldean relatlon between- objects is their position



trelative to each othera' A vertlcal and horlzontal axes
are uSed as a frame of‘reference. Piaget proposed that
_before a Chlld is able to develop the abstract ;dea of
'horlzontal and vertlcal axes as a frame of reference, |
'certaln topologlcal and proyectlve concepts need ‘to be
attalned.- A child needs to be able to orlent objects in
jQirelatlon to hlmself The topologlcal concepts of |
‘prox1m1ty, separatlon, and order enable hlm to establlsh‘

the necessary relatlonshlps for erlentatlon . Vertlcal
(4 : . . ‘)

”Jand horlzontal dlrectlons, developed through the notlonS‘

‘fof above below and left rlght respectlvely, are concepts.
of prOJectlve geometry which are necessary in the develop—
-ment of a frame of reference. In the development of
Euclldean space whlch contalns concepts of parallels,
L angles, and proportlon, the conservatlon of dlstance
together w1th some notlon of " dlsplacement (the congruent v
transformatlon of spatlal flgures) is requlred to coordlnate
relatlve dlstances ‘and true p051t10ns of objects. The
'flndlngs of Shantz (1966) support Plaget N hypothe51s that
dlstance conservatlon is a prErequlsLte for the attalnment
of the coordlnate ‘concept. The representatlon by a scale‘
draw1ng would prOV1de a workable format.

JThe 31mplest and most natural frame of reference
avallable to a- Chlld‘ls probably that prov1ded by the a
phy51cal world  The floor or ground represent his horl—‘

' zontal ax1s whlle ‘trees and bulldlngs provlde him w1th a
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“ver ical reference. Plaget s study of the constructlon of

ntal and vertlcal axes prov1des a way to understand

"the co structlon of a coordlnate system in Euclldean space.
| 1aget (1956) de51gned varlous tasks which were
devised t. 1nvest1gate a child's concept of Euclldean e
~ space. The task for studylng horlzontallty uses two'
'_ narrow—neckev bottles,: one Wlth stralght, parallel sides 4
,Tand the otherb ith rounded. s1des.. Each 1s partlally fllled ' vy
'-w1th colored wat r and the. chlldren are asked Eo "guess"
the pOSltlon of t water’ when the bottle is tllted "The e
,study of the vertlc 1 1nvolves floatlng a cork with a
matchstlck placed %er 1ca11y in it on thedsurface of the
water in the jars. Th chllﬁ_ls asked to draw the position |
of the "rnast"' of this,\}"s ip"-at different_ inclinations Of, ‘ } ’
the-ﬁar;A In addition, the\child is.shown a mountaln of |
* sand and asked to plant posts "nice and stralght" on the
summit, on the ground nearby,‘and on the slopes 6f the
mountain.a '
The. results show a developmental trend in thato
four and flve—year olds are unable ‘to represent either the
water or mountain as a plane surface, whereas as the age
'1ncreases the capabllltles increase to\the point where an
eight or nine-year-old is.able to predlSt the horizontal'
. and vertical in all cases. . h\
 Lovell (1971) studied children's concept_of the
horizontal axes by placing a partially—filled bottle in

e

g



prone p051t10n, a car w1th ‘a horlzontal line drawn on lt,

and anothepartially- fllled bottle, the same size but in

sition, in front of the chlldren. The subjects

\

were’ then asked to draw the bottles and thelr contents.u

an up51de po

Lovell concluded that a Euclldean frame of reference
develops through 1nc1dental experlence and action. The
development arises through thehevolutlon of schemes.
Olson (1969) studled chlldren S. conceptual frame-

.work of space by hav1ng the subjects perform varlous tasks
“while bllndfolded to prevent the use of" perceptual con-
cepts. He found that preschool chlldren possess a concept
of spatlal relatlonshlps on a horlzontal plane. The
children could invalidate all external cues other than

those necessary to make" dlrectlonal judgments They

.could functlon without know1ng the labels left and rlght.

:Olson S research favors Piaget's V1ew that language is not
a necessary condition for conceptual dlfferentlatlon, at
least for the dlrectlonal aspect of space.

A young child seldom uses the vertlcal and horle
zontal system provided by ‘the, physical environment in which

\he.llves. To study the ab111ty to locate several objects
correctly. in relatlon to each other Piaget used a set of.
blocks arranged in arbltrary fashlon and asked children to
make another %?ttern like rt w1th another set of blocks.

After his flrst attempt the child- was given paper strlps

to serve as a set of axes and asked if they would. help him

3

11
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in positioning the objects correctly. Young children failed

to see the value of the strips of paper. Only at'age nine

did children beginﬁtoAmake use of the st;ips as a eference

systemu‘ |

| Piaget (1960)‘na3'deVised tasks to show how young

chlldren 1nterpret the ideas of horlzontal and vertica}.
A process was de81gned to analyze how they would use a\set

of axes. The next questlon to be answered would be how '

do chlldren proceed to 1ocate a point in two- dlmen31onal\ '
'space without an instrument to measure angles. To locate :

a point requlres a coordinate reference system composed of

horizontal and vertical axes or rectangular coordinates.

A child is given as tools a ruler, stick, strips of-paper,n
and a piece of‘string and asked to represent on a blank
piece of paper a point in the same position as-a point

shown on another piece of paper.

The results revea;ed that children at four and five
years of age do not attempt to7uselthe tools but simply
guess the position of the dot. In the next stage a child
would use a.ruler to measure the dlstance from the‘corner

to the point and dguess the appropriate angle. At the
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approximate age of\nine, the‘child is able to coordinate .
horizontal and vertical measnres to locate a point.‘ Qhe
ability to locate a point in ‘three- dimenSional space was
/Eound to’ occuéyalmost 51multaneously with that of two-

©

dimensional space.

"It has been theorized that as a child.grons,'the
 incidental experiences in his daily living enable him to
develop a concept of space whichﬂincorporatesla reference
system. After he is able to distinguish objects-wthh':
’hare near or far from‘him, he gradually'deveIOps the con-
ceptS‘of horizontal plane and a vertical'plane through
relationships such as:,_above and below, left and right.
When a child is able to acknowledge that the-relationship
among objects remains constant even though his position

has changed the® final phase for developing a reference

system has been achieyed.
PURPOSE OF THE STUDY .

_ At the dniversity of Alberta a research project
was initiated to study the.behaviors_of yonng children in
‘solving non-verbal problems (Nelson, 1976a;'Nelson»and
'Sawada, 197§)§L“The data from‘one set of paraldel prohlems,
which encompasses a cross—sectional sampling,and a longi-
tudinal sampling, formed the ba31s of thlS 1nvest1gation.
In this study an attempt was made to observe, record and

describe the behaviors of children, age three to nine, y
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. A

while engaged in problems involving a coordeate feference
system. The behaviors ahalyzed consist of manipulative
actions andiyerbaliiations. The procedures used to SOlVe

the problems were catalogued and’ their dlfferences were
5 .

compared between age group; for ‘the various tasks.

<ASSUMPTIONS

Y]

1. It-was assumed that each of the two problems

Per oAl L [ . .
devised for the study met the criteria for a good problem.

J

» 2. It was assumeéd that the problem situations

- would elicit a wide range of non-verbal solution responses.

; ]
- 3. It was assumed that the solutlon responses

made’ by the subjects f% a clinical situation ‘were lndlca—

-

tive of the way they would respond to s1m11ar problems in

2

their everyday experlence.'
4. It was assumed that the range of problem-
4

solving.behavidrs observed were dictated by the. problems

and the materlals.:y
L33} t

5. It was assumep nat from the recorded data it

would be possible to trac t;gﬁnature and 'development bfv
A . . ¢ _ : B
behaviors of children in p\bblems requiring a frame of

reference.
L

: . o }
LIMITATIONS OF THE STUDY \;3 o s

. L
1. The problems designed for this study limit .

the range of problem-soiVing behaviors displayed by the

14~
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subjects. ' o S
2. No beckgrouod informapion.on the subjects Qas .
obtained for consideration of its implications.
" 3. The behaJlor observed will be characterlstic

only to the subjects 1nvolved in thlS study.

i
[N

4. 'When the data .were taped the sub]eots were ina

bn unfamiliar setting. R
CLARIFICATION OF TERMS .

Location Problem: A location problem is one in which a

position on a grid is to be foend'from a description.

-

The location problem consisted of performlng three -
tasks with the parklng lot apparatus and four tasks
with the theatre apparatus.

Selection Problem: A selection problem is one in which

a given position is described by the selection of “the

“.appropriate ticket. * : _ ' .

-

Ordered Pair: .The description of a position is given by

two numerals. The first numeral refers to the*

horlzontal directlon and the second numeral refers

toﬁthe vert1ca1 direction.

" coded Triple: The descrlptlon of a p051t10n is glven by ~

—

three dlfferent elements. color refers to-the\plane,

number to the horizontal direction, and-letterirefers

b4 ’

to the vertical direction. .

Problem: - A verbal statement about the apparatus requiring*

«
Y
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a responif_fromuthe subject.

b

Problem‘Situafion All aspects of the apparatus de51gned
for the problem

»Problem—solvxng Behav1or Any act or reaction manifested

‘by the.chlldﬁsllnteractlon with the material.

“SIGNIFICANCE OF THE STUDY

v
PERE]

Tﬁere has been‘a great deal of research on chil-
dren's problem-solving abilities. In th&~past very few
studies were undertaken with young children using the hon—
verbal approach in studying problem-solving behaviors.j By
assuming that non-verbal responses are 1nd1cat1ve of the
way a Chlld percelves a task this study should reveal
information on the klnds of processes avallable to a child
when he attempts to solve a problém. The categorlzation
of these responses should lead to ihe identification of
the strategies avallable to children in problem solV1g%

\Etuthe various age levels. e I

The analysis of the behaviors exhibited by the
subjects in using a coordinate reference system
will be combined with the analysis of the behaviors
exhibited in the other problems studied in the project.
The. flndangs should serve as a gulde in devxslng problem

situations to be researched in the study of children's

~ thinking through the medium of non—vgrbal problem solving.

B

16
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OUTLINE OF THE STUDY

The following. chapter contalns a detalled explana-

tion of the two coordlnate reference problems 1nvest1gated

" and, thelr mathematlcal basis. The sampllng, the data

‘.collectlon and analy51s procedures are also expla1ned.~

Chapter III contalns the flndlngs of the study

oF
Chapter v prov1desla summary of the study, a
dlscu551on of the findings, 1mp11cat10ns of the study,

and recommendatlons for further research.
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+ DESIGN OF THE INVEETIGATION

vThe purposes for’ Nelson and Sawada (1975) in thelr

'research progect "The Nature and Development of Problem o

\

AVﬂSolv1ng Behav1or’1n Early Chlldhood" were to create good

Chapter 1II B s

~

< B

problems, ‘and to record and analyze behaviors df young

children engaged in the problems. Six problems and a set

of six different_but mathematlcally equlvalent problems

il

were de51gned hav1ng ds their basis elther numeration or

spatlal relatlonshlps SlX of the twelve problems were

presented 1nd1v1dually to
the apparatus specific to
jects while attempting to

on videotape.
PURPOSE

The basic purpose
the behaviors of children

solving tasks.

each child who had at his dlsposal
each The behaviors of the sub-~

solve the. problems were recorded

OF THIS STUDY

of this study is to investigate

when they are engaged in problem

The specific purposes are:

1. To encode the"

behaviors exhibited by the

children while they weére engaged in solving problems in

(i) two dimensional space

(ii) three dimensional space.

\

oF
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2; To'analyze and classify these behaviors.

v " . THE PROBLEMS

" The Parking Lot ‘Problem -

e

The apparatuS’consisted of a'masonite.base‘Z€Q2 cm
x 106.7 cm x 0.6 cm painted black Eight rows of parking
spaces, each containing 15 bays were constructed from
0.3 cm x 0.3 cm balsa wood glued to the baseboard. Each
row was 95 cm long and eacg\bay was 5 cm x 6 cm. The
flrst row was 2.5 cm from the left hand side of the base-

board and all rows started 7.5 cm from the bottom of the:

.

baseboard. An arrow indicated the entrance to the parking‘

lot. - “ N
k-

Along with the masonite base were two masonite

scales which when fitted alongside the baseboard gave the

19



[

"coordlnates to‘each bay The horizontal scale measured
70 cm X 3 8 cm X 0 6 cm and was: labelled w1th the numerals

l to. 8 1nclu51ve while the vertical scale measured 95 ‘cm. X

3 8 cm x O 6 cm and was: labelled w1th the numerals l to lSl

jinclusive.

20

_,bThe apparatus also conSisted of 12 plastic toy cars

of assorted colors and nine lamlnated cardboard tickets i

designating the various.parking spots.

4 .The sub]ect was given an opportunity to familiarize

himself with the apparatus.' This was followed b} instruc—-”v

. >
tionJand working With the coordinate system one dimen51on

at a time. The final phase of the parking lot problem was
’the,interviewer demonstrating how to use the information

' giwen in a number pair. 'The’subject_wag'presented{with a
car to park and a ticket designating the location. After
parking three cars the sUbject was to)select the ticket
‘that described the location of a"specified parked car. (See

Appendix A for detailed protocol.)

The‘Theatre Problem

»

The' apparatus consistedhof3thrée£levels of seats
constructed out of masonite and balsa wood: Each level had
two blocks of seats 10.8 cm from each'side‘and aACenter
aisle 7.5 cm wide. _Thefe were five seats in each row on
:both sides of the aisle. A row of seats in each block was®
23 cm'long,‘3.8 cm wide, and was slightly concave ;owards

the front; The individual seats in each row were marked

L e Ak e
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out;With‘O;B om:xl0m3lcm{baISagwood gluedito.the haseboard.

Letters were used to label the rows and numerals were used

to 1nd1cate the seat.ﬁ The ro of seats ‘were palnted black

and . thelr labelllng was done in w 1te.;-The background

'color.of the three,levels wasfdi. rent with the floor
level belng palnted yellow,’the' cohd red, and the'top

level blue. The rows of level one were lab lled A to K

level two rows were labelled A to F, andxleve'-three rOws.

were 1abelled A toC. 1In front of row A on ea‘h level white
NN N

numerals of lvto 10 1nc1u51Ve 1dent1f1ed each Seat in the
. ﬁms

row. T :

o i 2 g .
Level 2 was supported«by six dowels 0.9 cm in

diameter and 15 cm long; These dowels were fltted 1nto,y

sockets made on the upper surface of legsl one and the

s

21
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bh10wer‘surfacefof.level two. Each socket was made from'

'2 5 cm dowelllng,‘l 3 cm th1ck,»w1th 0 9 cm dlameter hole

v_fjthrough the center Level three was supported on top of

.:{level two by four dowels 0: 9 cm dlameter and 15" cm(long, fd

P_two and the lower surface of level three.; Ten toy ‘men

_jwhlch flt lnto sockets made on the upper surface of level

land some tlckets completed the apparatus., The toy men

“were commerc1al toys 51m11ar to the Flsher Pr1ce llttle

people Thelr bodles con51st of a head and azcyllndrlcal

.Ttorso w1th no arms and }egs.: The heads have palnted faces-
and halr' Some wear flxed hats The cardboard tldkets

_were colored, some-yellow; some red and someublue to

1nd1cate the varlous levels.' On each tlcket was prlnted'

Sar letter and a number to descrlbe a’ partlcular seat. ’

As in the parklng lot problem an opportunlty was.

glven to the subject to famlllarlze hlmself with the.-i’

- apparatus.' ThlS was followed by 1nstructlon and worklng‘

-
w1th the coordlnate system one dlmen51on at a tlme. “The

flnal phase of the theatre problem was the 1nterv1ewer'\

demonstratlng how to use the 1nformatlon glven in a trlple

,conSLStlng of color, letter andnumeral.‘The~subject was,

presented with a "man’ to seat and a tlcket designating
the location. After seatlng four’ men the subject had the

task of selectlng the tlcket whlch corresponded to the seat

" of the 1dent1f1ed man.' (See‘Appendlx A for detalled

protocol.),
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. THE ‘MATH:E"D"IAT:ICS OF THE énosLEMs

Each.problem con51sted of locatlon and selectlon’
tasks in a coordlnate reference system. The parklng
" lot, grld was 1ntended for lnvestlgatlng concepts of the N ‘,
lcoordlnaté plane, 1nclud1ng the recognltlon of functlonalg]~a."".
;‘relatlonshl\E‘V/The theatre grld llke the parklng lot,_ |
pwas de51gned to fac1lltate the 1nvest1gatlon of conceptsr;‘
:jsuch as’ correspondence 1n a coordlnate plane.u It also-
‘enabled subjects to experlenCe worklng w1th coordlyptes
,ﬁother than number and w1th AQés Wthh were not rectangular @?
iIﬁ w1ll be noted\that 1n the descrlptlon of the theatre,
it was stated that the rows were sllghtly concave.

The locatlon problem -involved 1nterpret1ng the code
‘prlnted on a tlcket and relatlng it to a position on a
grld The selectlon problem, the reversal of the location
' one, con51sted of 1dent1fy1ng a p051t10n on the grld and
'selectlng d tickét which descrlbed that pos1t10n In.the_

s

parklng lot the p051t10n referred to was in a two- ..
dlmens1onal space.‘ The code was. wrltten as a numeral palr,
“_the flrst.numeralreferrlng to the horlzontal ax1s or the

fow and the" second referrlng to the vertlcal axls whlch

o b s

indicated the space. The theatre 1nvolved locatlng a

p051tlon 1n three- dlmen31odél space. The code for the

-theadtre: con51sted £ three dlfferent elements, each specf'
fylng a dlrectlon. The letter indicated the vertlcal axis,

i. e., the row and the numeral 1nd1cated the horlzontal
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axis—which.was the seat. The color of the ticket indicated

the third.- dlmenSLOn which was the plane or tier where the'
~ . _
seat was located - : ' o o
Theoretically it would be expected that the

'thinking process in locating a p051tion usxng a code con-

.

N

sisting of a s1ngle§:lement would differ from locating a
('p051tion‘u51ng a co

made up of several different attri--—
butes When one element such as ‘number was used to des-»
cribe a given p051tion the order of presentation became
important | The number pairs in the parkinq lot problem
had thé flrst numeral referring to the horizontal dlmen51on
and the second numeral referrlng to the vertical one.  The
numberﬂpair (4,3) and (3,4) would describe two different
positions. A process was inferred to attain a'solution.

To worh.with an ordered pair the'subjects‘neededvto formu-

late a rule in their own minds. - An example of a rule

would be "the first number tells how far to go th1§~way

"and the second. tells how far to go that way. Theoreticallj

speaking, working with® the rule and subsequently findlnq.
the correct 1ocatlon would reinforce the rule. The ordered
pair then would become a functlonal tool. On the'other
hand when the code was made'up of differing attributes such
- 4858 color, letter and. number the order of pfesentatlon was‘
not 1mportant. ‘Yellow E4 descrlbed the same seat as 4E on
the yellow tier. The triple used in the theatre problem

1nvolved order in a different way than the number pair in

1

0



the parking lot problem. 'The-triple’was ordered to‘the
extent that color referred to plane, letter to row, “and
numeral to the seat. With the triple the formulatlng of
a rule was still’involved. Each element of the triple
nreferred to‘a specific direction but ‘the subject could
con31der the elements in the order of hlS c?0051ng each
- time he attempted a task - In the first t sk\he could
focus hlS attention flrst on the row)and/épace then decide--
on which plane 1t should be. Doing the. second task he may
1dent1fy the plane and then proceed to flnd the de51gnated
-row and space. It would be the. 1nd1v1dual who would
1formulatelthe order 'in which the elements of the triple

. / o

were to be considered. [

._/

- The parking lot tasks were performed in a two—
dimen51onal fleld con51st1ng of a hOrizontal and vertical
axis. A three- dlmen51onal field was encountered in the
theatre problem. Each offthe threevlevels of the theatre
was a two?dimensional plane lihe‘that of the parking lot.
The subject not only had' to locate the particular spot
but had to decide on which planeunt should be.. For example,
‘the seat B8 was found to be on" all. three 1evels. lt was
up to the subject to interpret the third element of the

/
/

triple and select the appropriate plane.

Ly

The rows of parklng spaces in the parklng lot were
parallel to each other af® to the horizontal axis. They

were also perpendicular to the vertical axis forming a

Y
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rectangular grid. The scales

labelling the rows and spaces

corresponded in 'such a way

H N W o W,

éi{hat the movement of locating

a position followedggtraight'

lines which were-perpendicular g 1.2 3 4

“to each other.j-The place of | I (4'3) (
1ntersect10n would be the p051tlon descrlbed by the number
palr and found .by coordlnatlng the vertlcal element with
the horizontal one. ~In locatlng (4,3) as an example,
chere would be movement np row 4 parallel to the& vertical

-axis.and movement over the fows in space 3 paralle1 to the

'horizontal axis. The coordinated action would fesalt with
an interSection’at position (4,3). ’

\ In contrast thearows in the theatre were not
straight but sllghtly concave. The rows themselves were:*
parallel but theyswere ot
Qparallel to the/ horlzontal

' axis and not p%rpendlcular
to’ the vert1c7l ax1e. In
locating the #eatxn@ Space
E4, 1f subjects trled to
coordinate the pos1t10n on. .

1

the vertlcaﬂ axis with the

(E4)

position on the horizontal

axis‘in the same_mannﬁr as in the parking lot problem, they

>3



would not locate the approprlate p051t10n because of the

‘

theatre s rows belng sllghtly concave. Insteal of mov1ng
in stralght llnes at rlght angles to each other, the move-
ment had a sllqhtly curved path The focus would change
from that of coordlnatlng the movement with the labelllng
on ‘the ax1s to that of findinge the fourth seat in each row
until row E ‘was reached o '
The park;ng lot enabled “the chlldren to work in a

Q

two—dimens1onal space while u51ng a number pair to describe

»

a position. The equivalent problem'invoIVing a coordinated
referencé‘system was the'theatre. The subjects encountered.
a three-dimensional plane and symbols other than number to "~

describe a position. Both problems involved remembering

E

@ . -~

what each element in the code stood for and coordlnating )

their movements to locate a position or to identify a

. v 4 o
description of ‘a given location. Y,

r

Methods of Solving.the.Problem
| The- problems 1nvolv;ng both the parking.lot and the
gtheatre were deSLgned'u:be mathematlcally equlvalent.ﬁ,Both
1nvolved#locat1ng a p01nt 1n a plane. The methods. of solving
the problems 1nvolved ba51cally two dlfferent procedures
and a comblnatlon thereof A point could be located by:

1. counting ” "

2. coordinating - > |

3. a combination of counting and coordinating.

Counting involved designating the first element of
..



£l

A
the number pair to name the row, moving down the horizontal
axis and pausing to count each row as it was passed until
the de51red ITow was reached. The second element resulted
in indicating the space, therefore when the desired row
was reached a turn. into the row was madet Moving in a

s .
. :
4
7 ,
" Counting T3 \;
. 5 4§
7 P
. 1 \\
N A _/ . b
> °

. 1 2 3 4 5
< .

Parking Lot
Number Pair (4,3)

<
’

végtical direction the spaces were then counted. When the

count corresponded to the second element"the‘specified

2’

space '‘should have been reached and %a unigue point located N

-in° the plane. s : °

e

"4 Coordinatiné involved matching the first element

’,

of the number pair with'the horizofital axis and the second
: A

element with the vertical axis. After the row and space

-had been identified, with hand por eye movement,.a move was

made. down the specified row and up\the specified column,
. 3 '
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coordinating the two moves to meet at a single space. A

" point had ‘been. .located in a plane.

P
-~ 4
3
3 g il T s 7
Coordinating 5 : Pl
' - S
l') [ s »
“ -
0 T \
1 2 3 4 5 ' .
Parking Lot
Number Pair (4,3)
S , 3 -
. X An example of using a co@?inationuof matching

and'counting was given when locating the point yellow E4
- Q

in the fheatre problem. The plane was ideﬁtified by

LT T
?omfaination / \

of

D
COOrdina—ting C\//J ‘-\‘\:\‘\/
and - L‘fL\*‘*\\k\v
Counting B
T8
° . \/\/\/3"4—‘—_—A 9 - -
AT 2 : 1

Yellow

- N

»

K

Theatre Probleﬁ

Triple .
(Yellow E4) -

~

~

g
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matchlnq the color of the ticket with the color of the tler.,
In the pair E4 the E de51qnated the vertical ax15 (row)

' and was located with a matchlng process. Next~a‘move

fes

occurred down the ‘row in the horlzontal direction accom—
o !

panled by the countlng of each- seat untll seat 4fwas

e

fod

located. The 10catlon of p01nt yellow E4 had been 1dent1-"

fled. (
.5 RESEARCH PROCEDURES o e
A detailed description of the research procedures
has been. given by Little (1976), rtherefore a summary has

9% * o

been allocated.

The Sample‘

.Six hundred letters, describing the project and
e 3 @ N T ’

#riviting the child'szparticipation, were distributed_toﬂ
parents of ohildten ranging in age from three to eight
and attending i‘daycare Or‘SChQOI in thé vicinity of the
gni&ersity.' Fifteen children‘from each age:level, making
a total of 90, were- chosen to satisfy the requlrements of.
the study. The selectlon of the children was done by
random sampling. A ‘detailed account of the method of
selectlon “has been glven by thtle (1976)

The twelve problems were arranged in 15 sets, each

consistinéfof six problems. ‘The problem set'wasrcomprised

of four different problems and two equivalent forms. 1In

the.cross—sectional sampling each of the 15 problem sets
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F e

. was’ randomly a551gned to ‘one' subjectkln each age group !

rd

The outcome of this procedure was that six dlfferent prob-

-lems were presented to 10 subjects in each age group and

six eaulvalent problems were prezfnted to five subjects in
each age group. ‘A schedule was devised for ‘the presentatlon

of the problems wﬁth 60 subjects d01ng the parklng lot L

problem and 30 d01ng the theatre problem. The 1nterv M:ff |

" began on June 24 and»termlnated,July 23, 1974:

In the longitudinal sampling, theoreticalty each
subject was to be presented the equivalent_tg each problem
done in the previous year. Th%s would prowide for° six
equivalent problems to be presented to 10 sub]ects i each
age group and six different problems to be pﬁe\en d to
five subjects in each age group The dlstrlbutyon of
subjects d01ng both a different problem and its equlvalent
in both the cross-sectional and longitudinal sampling was
five subjects in each age group. Seventy-four of the
original 90 subjects returned with 24 doing the parking
lot problem and 48 doing the theatre problem. The inter-
views for the longitudinal sampling took place from

July 3 to July 25; 1975%

Pilot Study~

‘‘‘‘‘‘‘‘

A pilot study was conducted prior to the data
collection schedule with a number of children in the age
range of three to eight years. Little (1976) has outlined

the purposes of the pilot study. | ~

W

Yo
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A-second pilot study was cOnducted‘in Uune 1975.
:Its purpose nas to enable the new support staff to dwd
famlllarlze themselVes with the protocols and the apparatus
for the longltudlnal data collectlon At thls tlme |
;protocols and recordlng technlques were refnped Mlnor

'changes ln the protocols guaranteed greater cons1stency
“lbetween a problem and its equ1valent (see Appendlx A).
Interviews o .

i

Five interviews were conducted each day, three in’

+the morning wession and two in the afternoon session. An

effort was made to have the younger subjects interviewed

’

'i? the morning'sessions because of the fatigue factor.

Durlng an 1nterv1ew thereewere usually seven adults present—

s . [

two cameramen,\the interviewer, two assistants, the

director or the associate dlrector of the project and a

parent. The subjects did not appearﬂto be dlstracted by

the’ recordlng equlpment or the a@ults present once they
became involved in the problem. ‘

Each problem was presented to the child individ-
‘ually} The material w%&gplaced on a low table in front
of the child. The interviewer sat to6 the subject's right
and"presented the problem adhering to the protocol. Each
"problem had an introductory phase which enabled the subject
to familiarize himself with the apparatus. At the.compre—

. N\
tion of a problem, the apparatus was removed and new

‘materials were Placed on the table as the interviewer

’



proceeded to the next problem.“The‘tapinq‘sessions~lastedd
from 1/2 ta i hour The younger subjects tended to take"
more time: 1n completlng the varlous tasks than the older
ones.o

'For the-crOSS—seCtionai Samplind:thereawere two

persons 1nterv1ew1ng whlle 1n t{e longltudlnal sampllng

there was one 1nterv1ewer.

" The Recording ‘ - P

For the\recordlng of the 1nterv1ews a Javelin-

@

v1deotape recorderaand two Sony v1deo cameras were used.
4(

The behav1ors of the subjects were’ recorded on half 1nch
(new format) magnetic tape. ‘The two cameras were pOSltloned

toHenable the capturing of : the behav1o; the Chlld A

T
spllt screen technlque wasjused at tlmevfto capture the

a
1 N

ay

actlon of the subjects fromf&wb dlfferent angles " A
mlcrophone was suspended from the ceiling prov1d1nq for
| the recording of theiverballzatlons of the subject and
. the intervieWEr. "

" In the cross—sectional saﬁPlindf the data collected
from the 90 subjects were recorded .on 54 one hour taoes

while 45 one hour tapes held the data collected from the

74 subjects in the longitudinal sampling. ‘ -

Codlnngrocedures

A system was required that would enable catalogulng

and analyzing‘the behaviors.generated while the subjects .

33



"The presentatlon of the problem by the 1nterv1ewer, the .

,worked"on~the"problem5»' Afteamvof researCh assistantst

v1ewed many tapes of the varlous problems and of the -

A

',vanlous age groups. Recurrlng behav1ors were 1dent1f1ed

;Tvrelevant to the study.i A common COde was dev1sed for all

the problems to enable the transcrlblng of behav1ors as

\ : .

. Seen on the v1deotape. Each problem and 1ts equlvalent

requlred certaln modlflcatlons of the common cdﬁe to per—'~

-

‘mit the recordlnq of behav1ors unlque to the problems e

1nvolved@ (See Appendlx B).

*

_ The symbols employed in Ehe code prov1ded for any

action or sequence of actions on the part of the subjects
g o n.: v
and the interviewer to be recorded. 1In order to avoid

losingvimportant information all Verbalizations, except

y _forvthose'provided for in the.protocOllwere recorded

v
verbatim.. -

The encoding of the\behaﬁiors required'the,tapes‘to

be played anddreplayed several times. The time'required to

accomplish this for each problem ranged from tenvminutes
for some of the older subjects to one half hour'for'some
of the younger subjects. Sample sheets of the recordings
may be found in Appendix C. ’

A check on reliabllity was done during the coding

of the behaviors. Several tapes were viewed again to

b;verballzatlons by both the 1nterv1ewer and the sub]ect, and'ffv

'.the hand movements of the subject were: the categorles deemed R



assure correct 1nterpretatlon of the data A further check

o~
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iwas PrOVldEd bY the comparlson of the experlmenter s obser—vlu“"

. vatlon to one other observer ‘ The procedure employed was

fto select one subject randomly from each age group of the

P ’

‘ longltudlnal sampllng. After the codlng system had been
fﬁ*explalned the observer encoded the behav1ors.._The"7ff
'recordlng shéets were compared w1th those of the experl—:r

menter thtle dlsagreement was found
‘sTHE.ANAnstsfoF’DATA’

The behav1ors of the sugﬁects as they 1nteracted

_w1th the materlal in the various problem—solyfng 51tuatlons

were recorded on V1deotape In the present s‘udy the data-”l

_ from two of the 12 problems were encoded and: analyzed
"The two mathematlcally equlvalent problems were the parklng
;lot and the theatre problems. ~ The behav1ors exhlblted by .
the sublécts consisted of- phy51cal manlpulatlons and.
.verballzatlons | }‘

ln the cross sectlonal sampllng the behav1ors were
’ encoded, the verballzatlons were transcrlbed Verbatlm
In the analy51s of the data solhtlon procedures were
catalogued and comparlsons were. done between the Varlous‘
aspects of the two problems and across the age range.‘ The
verballzatlons were ClaSSlfled and a dlscuss1on followed

concernlng the verbalizations used by the varlous age

groups whlle performing the varlous tasks.

.
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rﬂ;, S The data frOm the longltudlnal sampllng were

’\

"'analyzed in the same manner as” those of the Cross- sectlonal

' sampllng. The procedures employed by the subjects and the

~

Vw,verballzatlons were compared Wlth those of the flrst sample.w

o LR



. Chapter III%

| ;REsurTs-OFTTRE.INVESTIGATion'T
o 'vv"v"» . . Lo ‘
, The maln purpose of thlS study was’ to observe, record
‘and descrlbe behav1ors of young chlldren whlle they were f‘i
engaged in problem—solv1ng tasks The tasks done 1n the
‘aparklng lot problem 1nvolved locatlng p051tlons in two—lh
:dlmen51onal space.: The: theatre problem 1nvolved 10cat1ng
‘pOS1tlons ln three dlmen51onal space. ,In both the two-
and three-dlmens1onal tasks tlckets were presented to the
Chlld A pair’ of numerals wrltten on a tlcket 1ndlcated
a. p051t10n for the Chlld to flnd in two—dlmen51onal space.
The flrst numeral 1nd1cated the row and the second numeral 7 *
1nd1cated the space 1n the row : The p051t10n designated ,

&

in three-dlmen51ohal space was 1nd1cated w1th a trlple con—*

s1st1ng of color, letter and numeral The color 1ndr2a e
the tler, the letter 1nd1cated the row and the numeral
e.lndlcated the seat or space 1n the row.‘

There were 60 subjects in the cross- sectlonal

» sampllng who performed the parklng lot problem, 30 of these
also performed the theatre problem. For the 1ong1tud1na1
sampllng 48 of the 60 subjects 1n the cross- sectlonal
sampllng returned to do the theatre problem 'Twenty—four'
" of. these 48 subjects also worked .on the parklnglOtxxoblem.

" BEach 31tuatlon 1ncluded ‘a location problem and a selectlon



,chapter.

problem. The locatlon ‘problem was comprlsed of giving the

‘subject an object to place-and a tlcket whlch lndlcated the

(pOSltlon,tO be found; The selectlon problem consxsted<3fthe

1nterv1ewer\p01nt1ng to _an object already placed ‘with the

;subject hav1ng to ‘select the tlcket descrlblng the p051t10n

.

The flndlngs of the anestlgatlon are reported in thls

The chapter 1s composed of three major parts w1th
subsectlons descrlbed as follgws.
Il The . Cross sectlonal Sampllng
1. The/Parking Lot
a.. Procedures used in solv1ng the three proglems
of locatlng p051t10ns using a number pair.
bb. ’Procedures used in making the selectlonJof a
number palr | ’
c..,The.comparlson of the locationiand selection
tasks. ¢ ' s ‘
'2;» The Theatre
. arv Procedures used in solv1ng the four problems
of locatlng pos1tlons u51ng a triple. -
'ib' Procedures used in making the selectlon of a
triple. |
‘e Co The’comparison of,the 1ocation and'selection
tasks: | |
3. Comparison of o

a. the location problems of the parking lot and
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IIT.

. The

4.

b.

39

‘the theatre;

the selectlon problems of the parklng lot and”

J

the. theatre. o /

Verbalizations.

Longitudinal~Sampling

.The

a.

Parklng Lot

Procedures used in solv1ng the three problems

f_of locating positions using a number pair.

The

‘Comparison of . the location and selection

Procedures - used in maklng the selectlon of

a number palr

Comparlson of the locatlon and selectlon
problems. . ' , T
Theatre »
Procedures used in solving the four problems
of locatlng p051tlons using a triple.
Procedures used in making the selection of

>~ *

a.triple.

¢ s

problems.

Comparison of

a.

b.

»

the location' problems of the parking lot and

the theatre;

3 k4

the selection probiems of the'parkingulot

the theatre.

Verbalizations.

Comparison of the Cross-Sectional and Longitudinal Data.

o



PART I. CROSS-SECTIONAL SAMPLING

Section 1. fhe Parking Lot
: A

La. Locatioﬁ/Problem

Tep subjects at, each age level were presented the ©

: élocation; roblem which consisted of three tasks. Each,

task ihvfived“locéting'%_position'iﬁ two-dimensional

sp;ce.//Beforé a subject bggah'the first taék hé was

given/instructiohs.explaining the mganing of éhe'numerals
‘&written‘oﬁ the ﬁicﬁét” Tﬁe first task, involving.tﬁe

number pair (4,3) was dehoﬁstrated as driving up four

a ' . 4

rbws, tﬁrning, and moving in £hree spaces. Withﬁthe

,rinterviewerﬂs assistance fhe subjects.-at the various age

L

~ levels attempted to park the car in the space (473).' The
' two remaining tasks were to be done without further
instructions from the interviewer. The second task was

to locate the position (2,5) and the third task was to
. : » ’ .
locate the positiqn (8,6). (See Appendix A for protocol.)
| The behaviors of the subjects as they worked at

<

solving the problems were recorded omn videotape. Analysis

A}

of the videotapes established pfbcedures used by the

léhildren.Which could be classiff%d as follows:

- I. The subject didﬂnot'éttempt the task or the task was
@ ¢ ’ ’ ‘ - 7
abandoned. PN : . g

e

vII. The subject parked the car, with or without assistance,
2} X : ‘.

but did so incorrectly.

IiI. The subject parked the car having one element of the



number pair correct.

4 )

IV. The subject parked the car correctly but with explicit

directions from the-intérﬁiewer.
V.  f&e subject parﬁéa tﬁe car‘By counting or matching
' the numeral on the’row axis with the first eleﬁent
aof’tﬁe number‘paf; énd’by counting the number of
spaces which cof;éspondéd‘§q the second element of
the ngmber pair.
VI.  The subjeét;parked'thé car.cbrrectly by coordinating
.both the rdw and the Space;' ’ i
: Task 1 (number pair 4,3) was an instructional task
therefore.the distribution of pfocedures used Qas not
included in a table. The pfotocol prqyide&’for a demon-
stratiohadn.hOQ to use a number pair. If a subject .,
‘indicated ﬁhe need for assistance while trying to'locate

(=)

(4,3) it was given. The three-year-olds either did not

attempt té do the instructional task, or if they did, they

did so incorrectly; Eight four-year-olds and eight five- &

&earéolds parked correctly with the interviewer's assis-

‘tance. The four remaining subjects ih'fhese two age groups

parked the cars‘inCOrrectly, The.six-yeér*olds were the
first age group tb have some subjééts park correctly
receiving no fufther assistance once the instructions‘hadn
been given. Three of the ten six—year—olds did this.
Four parked correctly when givén furtﬂer aSsiStance and

3

the remaining three were incorrect in their parking. All

\

.}f{
\I



P
‘the seven- year 0lds and all the e1ght—year~olds parked
the cars correctly, with only one requirlng ass&stance.”

The dlstrlbutlon of the procedures outllned on
pege 40, accordlng.to age and sex, are given in Table l
for task 2 and Table 2 for task 3. All the'sub]ects whoq
were- unable to SOlve the problem were classified in
.categorles I, IT and III (N = 25 for task 2 N = 28 for q
task 3). The protocol dld not call for assistance to be
given for task 2 and 3 but ‘some assistance w&s giwen."

The interviewer may have either repeated the instructions
-on how to use a number pair or ‘else prompted the subject
;hen a solution was belnggattempted. Those subjects whoe
attained a solution when given assistance were classified
in ca%egory IV (N = 8 for task.2, N = 3 for task 3).
Subjects who successfully solved.the‘probleﬁs unassisted
were classified in categories{? and VI .(N = 27 for task 2,
N = 29 for task 3). Let it be noted that in the following
dlsouss1ons a correct response will be assymed to be
unas31sted unless stated otherwise,.

If the classification of the responses does.repre—
sent solutions which would euggest increasingly higher
levels of organizatiop on the'bart of the sgbjects, then
the younger subjects tended to use’the lower levels and
the older subjects the higher levels. ‘In analyzlng the

procedures used for locating the position (2,5) (see Table

1) it was observed that the three—year4olds fell into the .

ré 4
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Table 1

Distribution of Procedures for the Location
Problem of the Parking Lot

2’

Task 2 (2,5)
« (N = 6‘:0) )
L
,,'/L“_ e ° hd
[ FiM M F|M F
Mm . M F
M M F|
VI M ) \
o Solution
M M Flm F|M ;F N = 27
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" 4;" . o S
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3 ) t | P Assisted
5 ‘ . Solution
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. + ©
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~
2 ,
9| 1II !
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M F M F FIM F
- M M No
IT . " §olution
) N = 25
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. Age
- //
M - male
F - female
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_ ' - Table 2 .
> . ' “
, Dlstrlbutlon of Procedures for the Location
Problem of  theParking Lot
o Task ‘3.. {8,6) :
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ffirst two categories indicating.incorrect responses; Seven
of these subjects did not attempt to do the task. The
four, flve and six- year olds appeared to be 1n a- stage of

tranSLtlon becguse of the w1de varlances in responses. S

'Each of these age groups had some subjects who dld not

LY

‘ddattempt the task some who gave 1ncorrect responses and /

some who were able tQ get one element of the palr correct .

]

The five- year old and Six- yearcpld group ‘had subjects in -
each of the six procedure categories.  Four four-year-olds /%'
were able to park_the car in the space (2,5) when assisted-

by the examineriv The five-year-olds were the firstiage,

group to have subjects locate the position without assis-.
tance. Of the two who were correct one used catégory V and

the other used category VI. There was a sharp increase in

[

y the number of corre%t responses from two in the five-year--

: Qld group to six in the 51x year-old group In the six-

;diyear -old group, four of the subjects who made correct_

'x;’

_ responsé%sused the~procedure of coordinatinqnthe row and '

the space and two used thenprocedure stated in category V—
: %
countlng or matchlna the first element and counting to

o

locate the second element,. Of the nine seven—year olds bo-

Y v

who parked correctly seven fell into the’ category of

£

matching and countlng.% About half the e1ght~year-olds‘ﬁellil
\ f . :

into this category. The remainder fell into the coordi-—

nating category.
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palr 8,6) the three year—olds agaln fell 1nto the flrst two

—

‘_categorles of 1ncorreqt responses The four and flve—year—

olds exhlblted the w1dest range of behav1ors Both of

Vthese age groups had some subjects who dld not attempt?to

r,do the task. There was a marked decrease from fopr 1n'the,

.(’

'four year old group to Qne 1n the flve-year old group.e-7”

The four year-olds were the only age group who requlred

Bl @
a851Stance.' ThlS age group was the ybungest age group to

T

glVe correct responses. Three of _the five who made correct

placements ‘were assisted. The flve and 51x+year—olds had
. 3 .

seven subgeéts who gave totally 1ncorrect responses, five.
who had one element correct, and seven who were correct.
All the flve year olds and 51x-year olds who found . the |
p051tlo§)(8 6) used a strategy of matchlng and countlng.h

A sharp increase 1n the number of correct responses

occurred between the six-year- olds and thﬁ seven-year olds.'

x
%

.No seven or . elght—year-olds made errors In examlnlng

the correct respoase categorles, category V was the one -
more w1dely used Subjects ranglng 1n age from four to
elght used the strategy of matchlng and countlng. Category
VI which rnvolves a cgord%hatlnq strategy ‘was the one

““zf“;by the seven and eight-year-olds. !

It should*be noted that (2,5) in task 2 is a

spgée closer to the orlgln than (8 6) in task 3. In

g
9 <

_ucomparlnc the performance between thelt?o tasks it was

observed that the three year—olds perﬁormed no dlfferently

46
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in’ locatlng a space close to the orlgln than 1n locatlng a

%5

dlstant space. They falled to do elther task.w There was a

W1der age range of subjects who dld not attempt to flnd

(2 5), the second task and the space closer to: the orlgln,f

than (8 6) the thlrd task.f Chlldren,vranglng 1n age from

three to s1x ‘“ﬁdanot try to flnd (2 5) Whlle locatlng

(8 6) was notudtu.*péed by chlldren 1n the age range of
three to f1ve years.' The age range of subjects glVlng
1ncorrect\responses was three to six years 1n both tasks

‘. The number of subjects falllng into Category III, the cate-

gory 1nd1cat1ng that the-subjects located correctly one of -

the two elements of the number palr, 1ncreased from ta,

to task 3. One flve-year old nd one Six- year old had one'

element correct in flndlng (2 5) whereas three flve year-

olds and two 51x—year olds had -one element correct in

s ~

locatlng (8 6)

>

The correct responses were placed 1n elther category o

T

V or category VI These two categorles dlffer in that there )

had to be evidence of some countlng belng done in. locatlng
a pos1t10n 1f it was to be a category V response.‘ In category
VI therée was no ev1dence of countlng but the Chlld appeared
to be matchlng and coordlnatlng the row. and column. The.
four—year—olds were the only subjects glyenfaSSLStance in
task 3. Examlnlng the correct ‘responses, more subjects

N
found (8 6) than (2 5) Five out of twenty four—year-olds

..1

and flve year olds were correct in locatlng (8 6) compared

¢

Ca7

N/



”'*;ﬁfrom task 2 to task 3. In tasP 2 locatlng (2 5), four Of

'vuthe number of correct responses occurred between theuélve

:to one flve year old flndlng (2 5) A strlklng 1ncrease ln 'f, a
g "1,_.._ .

-

_and s1x-year olds 1n locatlng (2 5) and the 51x and seven— *"h

Lvyear olds 1n locatlng (8 6) The s1x year olds were the only§
o ‘

'bgage group 1n whlch the number of correct responses decreased

r

the s1x maklng,correct responses used a coordlnatlng strat*

//egy. In contrast the four correct responses of ;'efSix;h:'dyr\d';*
year olds fell 1nto the matchlng and countln ‘strategy in -
locatlng (8 6) Unllke the 51x—year olds, the seven-year—
olds more frequently used a matchlng and countlng strategy

in locatlng (2, S)raﬁd a. coordlnatlon strategy 1n locatlng

(8~6). More tha%-half of the elght year olds. used ‘the
coordlnatlng strategy ‘in solv1ng both task 2 and task 3.

In each @f the tasks the Br ocess of matchlng and

\21«»

‘counting was used by sllghtly more than half of.- tgﬁ sub~-
, jeCtS who gave correct responses. " A w1der age range of
gsubjects used matchlng and countlng in locatlng (8 6) than

“ﬁln locatlng (2 5) The process of coordlnatlng the axes

”v.Was used more by the younger subjects 1n locatlng the

o

closer p01nt (2 5) than (8 6) Half of the .seven and
elght year olds used matchlng and countlng in locatlng
(2,5). For the more dlstant p051t10n (8 6) the seven— ot
year olds and the elght—year olds used a coordlnatlon

process 1n fourteen of twenty cases.



‘ltbv The Selectlon Problem

N

o

The completlon of the locatlon problemi was

'followed by the selectlon problem 1f the requlLements were

‘”,met.; The protocol stated that at least one ca had to be

wifln a correct p051tlon whether 1t was placéd by the subject

btask one, the 1nstruct10nal task Theselectun1problemcon—“,;plH

=1n completlng the locatlons tasks or by the 1nterv1ewer 1n

b

o 51sted of the examlner p01nt1nq to a correctly parked carf*v“

Vfand asklng the sub]ect to select the tlcket w1th the number

O '}W.“ﬁ‘fh!‘!‘: . \

- #only 41 of the 60 subjects were presented the iselection -

palr ‘which descrlbed the car s p051t10n (See\Append;x,Apﬂ‘
for protocol )

?L The observed solutlon procedures were

A

ategorized

-0 et

as follows .[:‘_ -"'_t ' - B ﬂ‘ | v
I. ,Thevsubject dld not attempt the problem #r the problem
.was abandoned.‘ ‘ - ' - f .
lI,:-The subject chose an 1ncorrect card }
IlI;t The subject chose the correct card. - @
| In 19 cases protocol was not followedtln the
: \

presentatlon of the parklng lot problem For thls reason”f*”

the. procedures they employed could not be class1f1ed

problem 1n the manner spec1f1ed by protocol. ‘The procedures
employed by these subjects ‘have been cla551f1ed as belonglng
to one ofgthree categorles. ‘The subjects who.made,lncorrect

selections have been,classified in'categoriesiI and IT.

Those who made correct seélections have been classified in

49



Table 3
. i : i . PR
Dlstrlbutlon of Procedures for the Selectlon
: ‘ Problem of . the Parklng ‘Lot
RNt (N-= 41)* :

L
‘FI'M F
M

o
CRCc B

dolution
N'= 20

=rEx|

I |

o
2R
RNl T

-

' Procedures Categoiy'

: : Mo B R
F S N No
ooy e b b -] solution
“ Mo F oM M N = 14

. Age
~~Me—fmale
F = female

* Three-year olds were not 1ncluded because in all cases
the requlrements were not met..
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Category III. The dlstrlbutlon of the dlfferent procedures

’fused 1s shown in Table 3.

The three*year olds dld not meet the requlrements

so no three year old d1d thlS problem In each of the.

remalnlng age groups there were subjects 1n the three e ®

acategorles,‘except for age seven.‘ All the seven year olds

"fmade correct selectlons., The number of correct responses o

'ln a glven age group 1ncreased as age 1ncreased w1th age

h51x belng the' exceptlon. The proportlon of correct TV

Kf,fcgr ‘Comparison Between the Location‘

. .responses 1n the 51x—year -olad group was smaller than’ that

of the flve-year old grgpp., There was a marked dlfference 2
bethen the performance of the six- year-olds and the :

seven—year—olds;' Three out of elght ‘six-~ year -olds were ?

_}correct and all the Seven—year olds were correct. Prror-

to age seven, lZ'outJof 20 subjects falled to select the‘

2 :‘ 4'~"_-‘

correct tlcket whereas all hut two out of the 14 seven

anqreight-Year-old‘group'selecte ,the&correct t;cket. g

and Selectlon of a- Number Palr

e

‘A comparlson of the solutlon results for the loca-
tron and selectlon tasks should reveal whetheihthe chlldren

in the sample were as successful w1th the tasks 1nvolv1ng*

one process as w1th those 1nvolv1ng the other.,,The

{}{dlstrlbutlon of. the correct solutlonsgabr the 60 subjects

’who;performed both the 1ocatlon and the selection problem

'~using the parking=lot is given in Table 4. As stated in
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. Table 4 '
DiStfibutibns of Solutions for Parking
: ‘ - Lot Tasks .
(N = 60) _
o ‘,Age 3 | Age' 4 | age 5 Age 6 | Age 7 Agé,ab
Subjéﬁf\;\\L stuls|uls [ols ‘L|s|L]|s
o e | _ | 5
S, TA >3] Pa |2,3]pa PA 12,317/ [2,3] *
s, TA. A [T~/ 2,30 v |2,3]pa 12:3]
E : . - J ' R B S ‘
Sy’ TA |-TA i o /' |2,3{PA [2,3] **
“Syvqta| | PA v 2,3) Y 2,3 v
\ » . v [ d
S¢ S| PA 4 Yol2.3) v 2,30/ (2,3 PA
Sg PA - PA |2,3|PA [2,3(pa |2,3 /2,3 v
s, TA{ TA - PA’ /|2 3(Pa [2,3] pa
Sg TA | TA TA | 3 2;3'4&H 2,3‘ Y 12,3 ‘/
S, {TalTa | o2 | 2,317 |2,3] v
S0 PA | 31pPa | {pa TA 12,3|PA 12,3]
L .- Location Task . o
- empty space:- the éorreétky‘parked cér was placed -
~ in: the instructional task e o ,
2 - location task 2 was performédvcorrectly s
o 3 - location task 3 was -performed corfectly e
§ - Selection Task = |
‘ Y. - selection correct
TA - Task ~abandoned - . .
PA - Protocol abandoned o
* - Task was not Presented
* %

Video trouble

i
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Section b, 19'subjects were presented the selection problem
in a'mahner;that did not follow the protocol. 'This'has
been denoted with a “PA" in the selectlon column. When

the responses 1nd1cated to the lnterv1ewer that the sub—

W‘Ject had not grasped the problem the - task was abandoned.

";

ThlS occurred prlmarlly ln the three-year -old group. The‘
proﬁocol stated tha% at least one car .had to be parked

correctly before the selectlon task could be presented

IS
~

Because in attemptlng the 1ocatlon problem no cars ‘were

»correctly parked the selectlon problem was not presented to

g

all three-year- olds,two four-year- olds and one 51x-year—
old. ThlS has been denoted by a 'TA' 1n the selectlon
column. | |

"In the lnstructlonal phase of the parklng lot

problem the interviewer uSed the number _pair occurrlng

in task 1 for hlS demonstratlon.‘ Elther the 1nterv1ewer

LIS

\

parked the car-or assisted the subject‘ln’doing so. This

enabled the requlrement to be met so the selectlon problem

- could be presented but the responses for task 1 have not

“been lncluded in Table 4. In keep1ng:w1th the format only
the correct and una551sted responses have been 1ncluded.
An empty space in Table 4 1nd1cates that the tasks were’
attempted but were either incorrect or a551sted

| In the three-year old group lf the tasks were not
abandqped the responses were 1ncorrect. On the other hand,

the seven and elght—year-olds completed successfully both

.53



unable to do a locatlon task when no a551stance was glven. W

- The two five-year-olds, who were‘the.youngest subjects to

54

the location and selection prOblems,'with the exception
of one seven- year -0ld who failed to do task 2 correctly

Therefore the remalnder of the dlscuss1on of Table 4 w1ll

efer only to those subjigts in the age range of four to

six. S o o : Lo

It is 1nterestlng to note that four flve—year olds"‘

jwere able to. make a correct selectlon when they were

Other than these four flve—year olds,'only one four year—

o

©0ld and one" 51x-year-old performed in this manner.

Fifteen of the 20 children in the four and ffve—
yearsold group were~unable to complete even one location'
task. Two four-year-olds andfone five-year-old did one
location task cof%eotiy. In these instances it was the
third location task. In contrast the two six-year-olds
who were successful in only one locatlon task, 1ocated (2,5)
task 2 Not one subject in the four to six yéar age

-~

range did only one location task and the selection task.

do both task 2 and 3 in the 1ocation problem, were'not

presented the selectlon problem accordlng to the protocol.

o

The 51x—year—olds were the youngest ones to do both the

locatlon .and selection problems. Four of the ten

six-year-old boys found the p051t10ns stateg in task 2

and 3. Two ‘of these four also did the selection problem
L . - i .

correctly.
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7

‘a. Location Problem

_ letter, and numeral. Before the subject began the flrst 3, I

55

Age 51x was the age group w1th the greatest variance,
ln performance. Two subjects completed all aégects of the . ,
parklng lot problem correctly, whlle two others d1d not do 1t
one. Of the slx subgects who did correct locatlng all did

the eecond'task Whiéh Was'locating’number pair (2(g$t Four

of=these six also found the position (8,6) which was.
(\

'task 3. Qne Chlld was successful only in the selectlon

-

problem. e

Generally speaklng, the subjects who were’ able to

perform successfully all’ three locatlon tasks were almost

always successful in completlng the_selectlon preblem.

f

Section 2. The Theatre

Five of the subjects at each age level who perfo

the parklng lot problem also performed the theatre problem.

/
The location problem in the theatre consisted of four

e

" tasks. Each task involved locating a position in three-

diménsional space: Theltickets‘in the theatre problem
differed from the number pair in the parking lot problem
1n that they contained three dlfferent symbols—color,

: 4 L4
task he was given 1nstructlons explaining the meanlng of
what was wrltten on the ticket. The first task, 1nvolv1na
the trlple yellow B8, was demonstrated as 'being on the
yellow tier because the letter was- colored yellow, in

rgw B and seat 8. With the interviewer's assistance the

L

>
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\

subjects at the various age levels attempted to pldce the

f'man‘ in seat—yellow B8. The three remairfing tasks were ‘

! to.be done withsut any further asSjsténcéﬁ}roﬁ the infe;—‘g
vvigwer (see Appendix A for protocol).
Analysis of the videotépes on which-were/récorded
. jthe behaviors Qf the.subjéﬁﬁs,‘estabiished the brocedures
QWhichwcoulq be classified as follows: o f‘
'I. The subject did hot attempt the task or the task
, ‘was abandoned. ) | 0 e .
II. The subject placed tﬁe 'man'pyaving'either no
'element or one eieménfipf the triple correct.
III, The subjéc£ placed the 'man’ having‘twoaeiements
of tHé.triplchorrect. . i
Iv. The’sﬁbiect placed the ;man' cof;ectly.bugcwith L

- assistagpe from the interviewer.

L - . hy UL
V. The subject placed the 'man' cbrrectly:. - T
4 - > Lo o 3 L

As in the parking lot problemféﬁ:"

procedureds table for task 1 has not

’ éEEks as outlined in the protocol aref

45, ;the reg’ gavel
s, ‘." s b 9\ 1

Task 2—placing a 'man' ic fed
s 4 . o tét 3

being the. middle tier- 3 B
S : k2 -~
. . & ¥ 5 T ;,

the¥blue"level . .

Ty

Task, 3—placing a 'man' in blue;

= i . v f?g n

. being the top tier. e " o

' i A i

Task 4—placing a 'man' in yeli : thé‘yeljow o
level being the s - .

P q Rk ’L# _“\
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The, dlstrlbutlons of the procedures accordlng to

age and sex are glveﬁ in Table 5 for task 2, Table 6 . for
e

task 3, and Table 7 for task 4. All subjects who were

unable to_ solve the problem were classified 1n categorles
4

I, IT, and III (N =.11 for task 2, N = 12 for task 3,

N = 12 for task 4).
-wh~n‘ i i Lo by the ipterviewer were classified
in catdg - 2 for taak_g N = 8 fol tesk 3, N = f
for task . _#3ubjects who successfully solved the proble; .
were classified 1n category V (N = 17 for task 2, N = 10
for task 3, N = 16 for task 4). ; | |

;gbleé 5, 6, and 7 ténd to suggest that if the

classification of responses does represent solutions which

- would require increasingly higher levels of organization
[ . -

on the part‘of the suybjects, the older subjﬁcts used these

procedures. The younger subjecteawere classified .in the
P;

lower categories whlle %he older subjects were cla351f1ed

in the upper categorles. Three three-year-olds and one
. Q.
four-year-old did not attempt to do either task 2 or task 4.

All the children except two‘tkree—year—olds attempted to do
- .
task 3. The results of the performances of_task’2’(red AS5)

and task 4 (yellow E4) were very similar. The three-yeér—
.0lds failed 'to do either task. The only childréen given
assistance.were .two four-year-olds. There was one four-=

year—old on each of the two tasks who gave a correct

.response. On the other hand, on each of these 'same tasks

I
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\*\. . Tabie:5 . )
g T : - 0
Dlstrlbutlon of: Procedures for- the Locatlon ' .
- P:oblem of the Theatre
‘Task 2  (Red A5) .
(N. = 30) " °
M M F|lmM F |
M M F{M  F| .
. M Mo : Sqluthn
M N = 17
Assisted
“ Solution
o (> | _
I F| M M 71 g
O
‘8h
] . -
'o o
@
3]
. O
ju _
Acr ) No
- J Solution
. N = 11
I' %
3 ‘ K
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gories

Procedure’ Cate

. Table-6“

: )');_ o N

Y

: Dlstrlbutlon of Procedures for' the

- Problem of the!Theatre .
" Task 3. (Blue B8)
(N-= 30) -

, . @
Locdtion

I  Im ® M M

4 .
Assisted

& G
o No
IT | . | Solution
1N =12
. - : <
M
M 4 i ¢
I g )
£
L 3 4
3 4 5 6 7 8.
Age
N A :
3 2Tt M - male ;
. ST ' F - female
' & &
i A, .
- B e ¥
- . . g
By T o

Solution

Solution
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‘,‘,i\‘ : Table 7 e S

Dlstrlbutlon of: Proce@ures for the Bocatlon
R ~Problem of the Theatre. - . .
L _Task 4 (Yellow E4)" e
o (N = 30) . ’ :

PR [ ”uin S 9

| solution

o | M - _1“; - tff*]' | . Assistea
V- N ‘ ’ . | Solution

i
2 X

%A | S BRI | I

Procedure @ategories

SR IR Solution
' N = 12

I

.M - male
F - female



2 E

“there was one four year old who dld not attempt to solve‘

‘ the problem.‘ The solutlons of the flve-year—olds and the"’_
o ' v 3 ; v
~51x-year olds fell into one of two categorles.- They o

Jelther had two elements of the trlple correct or were
=Zent1re1y correct.- Thrée of the flve and six- year old.group

, falled to complete task 2 whlle flve of them falled to

T:do task 4 All Seven—year olds and elght year olds per—vfhﬁ S

;formed both task 2 and 4 successfully w1th the exceptlon:?;f
of one elght—year old who falled to locate -red AS i. e.l”/‘
task 2. o n : ”f'g- |

Q | ‘Task 3 was lociting blue B8.}fMore“subjects were

¥

glven as51stance in performlng thlS task than in task 2 and

task 4. Subjects ranglng in age from three years to 51x'
years 1nclu51ve made correct responses when alven as51s-

. tance., ‘Task 3 was the only task where a three—year old

made a successful response and thatroccurred when a551stance SR

ar,

' was glven - In comparlng the successful responses of’ta%k 3

hw1th those of tasks 2 and 4 the youngest subjectvﬂ
blue BS (task 3) were flve-year olds whlle the younge
subjects locat;ng red A5l(task 2) and yellow EA (task ’-*

,were'four—Yearéolds;_«Only bné 51x year—old located blue B8
' 15,

compared to four 51x?yi§r d%ﬁs-locatlng red A5 and three
S
51x—year olds 1ocat1ngyyellow E4.. The seven and‘erght-f.

year-olds- made more errors in task 3 than in task5'2 and 4

) -+

Aput together.v Three' errors were made by thlS age EQUP:
(’).L_) Ty el

task 3 compared to one error in tasks 2 and 4 1nclus1ve.f




&

d’*i?Only lO subjects gave correct responses.when performlng

| “uftask 3 compared to 17 correct responses on task 2 and 18
xkﬂicorrect responses on task 4 In task 3 (blue B8) there
-”ewas a marked dlfference 1n the number of correct responsest
"beetween the 51x year olds and the seven year olds Only

w&iﬁif[one out of flve s1x—year olds found the seat blue B8 ///

“»{compared to four out of the flve seven year-olds. In the :f*”“

-3other two tasks the 1ncrease ln correct responses'Was

d_r_ .
As age 1ncreased the number of correct responses :

J‘ﬁ_increased.
‘ When con51der1ng varlance 1n the responses on the
three tasks, the seven—year-olds varled the least Alle',
ik ~‘but one of the responses were correct., The four—year olds‘;
@'were the age group w1th the greatest varlance in behav1or L:

-;In performlng the three locatlon tasks the four year obds

mi.dlsplayed responses that had at least one. subject belﬁg

A;placed in each categorym Some four year olds would not

ks attempt a task whlle others in the same age group not only ‘

s
£

e attempted the task but were correct.
As 1n thefparklng lot problem the subjects used

what appeared to.be countlng procedures, matchlng procedures,"

aor:a comb;natlon_of both. The layout of the - apparatus ‘had
anjaisle,betueen'the»block of seatsvl tow5 and the block

< %ef seatsw6-ldy” The rows were labelled with letters,rﬂEach
‘Qf the three tlers was a dlfferent color (see Appendlx B).
Offthe chlldren:who used what appearéd to beoa comblnatlon

Y
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i

. of matchlng and countlng,_two subjects counted to locate;‘” E

':blue B8 started countlng at Al then proceeded systematl-;;?
fl‘cally to- as. Instead of - el L
/hf?gm0V1ng across the '

blalsle to count the
“t;s1xth seat, the |

’bcount of 51x was'

the seat then checked the selected p051t10n by,matchlng

g

“done at-Bl the count of- seven at B2, andﬂthe count of

"relght at B3 She ended up in the wrong seat but dld

©

1nd1cate that she had a notlon of how to use a coded trlple

\

£l The_SeleCtion Problemh i‘b’”ﬂ R J"tf,* .

. .
When a. subject completed the locatlon tasks of .

'the theatre problem, four men had ‘been placed w1th a. h
mlnlmum of one belng in 1ts correct place.h If thls 51tua—_

tlon ex1sted the subject was asked to solve a selectlon

i

_problem (see Appendlx A for protocol) The selectlon prob}em

o correctly placed man’ and asklng the subject to select

§ p051t10n

the tlcket w1th the trlple whlch described. the map,
As 1n the parklng lot selectlon problem, a number

"_:" R \
of subjects were presen" ,em 1n ‘a manner that

beOblem\nlne;qut

T

“}the seat to the numerals A four year old who used what,ﬁd3‘

"ffappeared to be countlng as ‘her strategy 1n locatlng seat'ﬂ»;“-

.w1th the theatre con51sted of the lnterV1ewer polntlng to a,,
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: ‘of the 30 subjects were . presented the selectlon problem

i g to the protocol For thlS reason the responses‘

lwbe 1nterpreted Flve of the nlne subjects were

“hree year o%ds who dld not attempt the problem.l‘Thefpu

_remalnlng fou ’sub]ects were ln the age range of four to

'ﬂ51x.“ No seven\year olds and no elght year olds were

'ﬁ“presented the s’lectlon problem accordlng to protocol

L The protbcol for \he selectlon problem in the longltudlnal

’d'sampllng has been followed Therefore.a*dlsCuSSIOn_ofgthe5;fifi
lfprocedures used rn maklng a selectlon whlle u51ng the.pp,

gptheatre apparatus w1ll be dlscussed ln a later sectlon.

c. ‘.Comparison’ betweén ‘the Location
‘and Selectlon of. a Trrple'

Because the/data on the selectlon sectlon of the o

theatre mas not 1néerpreted for the reason prev1ously

o stated, 1 e., the protocol was not followed '1t follows _
r - ! : B I
.that there can be no comparlson Q{ behav1ors on the locatlng

L

_:aof a trlple on the theatre w1th thab of selectlng a tlcket

aﬁhwhlch descrlbes a spe01f1ed seat.

SRR

aSectlon 3 Comparlsons
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03 R ’

and the second numeral 1nd1cated the vertlcal dlrectlon
The theatre 51tuatlon 1nvolved tasks of locatlng a seatlng

\\p051t10n in three dlmen51onal space u51ng a trlple com—

prlsed of color letter and number, such as yellow B8

,1x\ﬁme subjects had to remember that the color of the ~?"}‘7i(lt

letterlng referred to the tler,_the letter referred to

i

the row, and that the numeral referred to a seat in any

-

glven row

The responses of the subjects have been cla551f1ed
“,1nto three'ca“egorles.°t]
R 2

*I..‘The response was correct.

t .

flIﬁslThe response was correct but ‘made w1th a551stande Jg;
_jfrom the 1nterv1ewer

IIT{';The response was 1ncorrect.

Accordlng to the protocols two locatlon tasks were‘

A

\'

to be done follow1ng the 1nstructlonal task 1n the parklng
lot problem and three were to be done ln the theatre |

‘v°problem The parklnq lot had lO subjects 1n each age. group
attemptlng to solve the problem whereas the theatre had
f1ve subjects ln each age group For these reasons the
responses have been recorded as percentages to. enable ‘a,
comparlson.j Category II has been 1ncluded because ass1ss'
tance was glven 1n several lnstances even though the

protocol dld not call for 1t."

G . o _‘J‘

. Examlnlng the percentage of the correct responses,

s

65 ¢

, the three—year olds had no successful-responses 1n elther S

a
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problem. The four -year- olds ‘had lO percent of the: responses.
‘ correct 1n the parklng lot and 13 percent correct responses
vln the theatre‘L The performance for thlS age level is very
Ts1m11ar whether the subjects were u51ng a number panr or a
"coded trlple R . The flve -~year- oldsbhad the largest varlance
vln ‘the percentage of correct responses. Twenty flve per-
n;cent of the responses were correct 1n the parklng lot
.zwhlle 47 percent were correct ln the theatre.‘ The elght—,
year old group performed the parklng lot tasks perfectly
'Thelr performance on- the theatre. tasks dropped to an 80 per~

i
,cent rate ‘of “success.

-

In the parklng lot problem where the subjects were
u51ng a number palr ‘in two- dlmen510nal space to solve the
problem the number of correct responses 1ncreased as the
‘age- of the subjects 1ncreased. This same ‘tendency
occurred in the theatre problem with the exceptlon being
‘the elght year-olds : Subjects worklng Wlth a triple in | v

three dlmen51onal space met w1th success more frequently

.\
\]

as age 1ncreased
)

Table 8 does not 1nd1cate that the subjects per-

a» X3

: formed better on one task than the other.r Number palr
basks in two- dlmens1onal space tend to be developmental

as do the coded trlple tasks 1n three-dlmen51onal space

b. vComparison of the Selection Tasﬁs, ’ o S e

<

_ : A comparlson of the selectlon asks on the parklng
lot and theatre was ﬁot done because t were not = |



sufficient data on the“theatre selection task for reasons -
. ) . : . - N . &1
'stated in section 2b.

‘Section 4. Verbalizations

Thus far the analysis of the data has revealed

- @ .

.that the majority of the.studéntsxinteraéted freely w%th;
 thevappératusL Some éf théichildren in thexséﬁplg que I
spontanedué VerbalizationsHwhiieﬁatteﬁptiﬁg tg solve

the problems. ébme;Of theSe.VerbaliZations, éuch as
'cbhntiné,.éppeafedftc be closely related £o-thé tasks.A'

It will be recailed that the subjects wére aSkeé qﬁestions
-pertéihing to the probiems. ,Thewrésﬁonses to.sﬁcp

questions have not‘been'inciuded, 6ﬁly‘the subjects’

spontaneoﬁs Qerbalizétions are discussed. © . -

| Tab%% 9 giyés”the number of subjects in eadhbageo.
‘grbﬁp who.ma#e some form of:verbalization'du?ing'thef

. pafkiné lotjéhd tﬁé theatre problems.&‘Thelfable reveals

that 32 oﬁt_éf.GO,subjects spoke ghile attempting to solve

Table 9 - -

/ Number of Subjects Vetbalizing

~ | i%e.LeVel
Task 3 4 5 6 . 71" .8
Parking Lot (N = 60) 4 5 . 7 5 6 5.
s . T ) *

Theatre (N = 30) 2 3 5 5 4 5§




the-parking'lot problems while 24 out of 30 subjects spoke
when attempting to solve“the theatre problem. It'alsop
shows‘that more subjecte at the five-year-old level made

-

a

verbalizatidns than at any other age level.
‘ It appears from. the table that a greater proportion
of subjects verballzed durlng the theatre problem than
ﬂur;ng the parklng lot problem. Of the 30 subjects who
performed only the parklng lot problem nine did not
yerballze.’.Thlrty subjects attempted both the parklng“ gf
lot ahd-the theatre‘problems and_oniy six of‘them made’ no
verbaliZations. /
IAll the observed verbalizationsain the parking
lot and the theatre problems were clae%ified into five
categories. They‘were-theLfoliOWinéz i
a. Asking for clarification or‘repetition of
the queetion. |
b. Repetition of the question.
. c. Commehts pertaining to the task or the
material (e;g,icouhting), |
4. Nonﬁerbal souhdé fe.g. car noises, sighs).
e. Commentsvnotjpertaining directly to the
_task.
Examples of'tHe different categorieé reveal the
'type of. verballzatlons the subjects made while they engaged

in the tasks. Some subjects ash§d questlons pertaining to

T

a task. In asklngjfor clarlflcatlon in the locat;on tasks -

\
.



the chlldrenxasked questions llke "Thls one°",‘"Wher9(to:;H§,
¥ . 3

"Wthh one goes f1rst°" "Where does it tell*you?“.\ Whehfwﬁf

Y

%H?
the subject repeated the questlon to hlmself he would make

“

‘commehts 11ke "Three and a. four. I have to flnd a three

&

]

and.a four." Most of the- verballzatlons made by the sdb*

1

jects whlle performlng either the parklng lot tasks or the

o

theatre tasks fell into categ@ry c—-comments pertalnlng to

5
¥

the task. : o o ‘
When working~oh the parking‘lot, subjects would ‘
verbalize the numeral of the ordered pair on which
- they appearedoto be concentratlng. One e#ample would:
be, while worklng on task (2 5), the audible comment "Two,
" then the subject would move the car to row 2, followed
by the -audible comment "Five" and the moving of the car
to the fifth space-in the second’row. Subjects would -
count the spaces as they moved the car down the selected
row. ASs in the parking lot problem most of the comments
made in the theatre problem pertained to the task.' The
subjects’tended to}verbalize the element‘of the¢trip1e
on which they were concéhtrat;ng "Yellow," "E," "Four"
;i would be Verballzed as they attempted to flndﬁthe -appropri-
ate seatlng place.

Some of the 1rrelevant comments made were:

"I'11 put the card on the roof of the car because

~ra\mw—f~—~«~’—aﬁhs~faining—n o T

o

N



" % . ,@ ) § ./,. ¢ oy
o y
"I'ﬁ%parked backwards."

"That man is wearing a-hat.'.

@ "Tl'iat's'" a Dodge."

&

A .

Table 10 shows the frequency for the flveocate—

gorles of verballzatlons., It reveals that verballzatlons

[

1nvolv1ng comments pertaining to the tasks‘bccurred mere

‘ often than any other form of .verbali%ations. Comments
o ‘l . .
pertaining’ to the task were most common in the 1ocatlon‘

problems of the theatre However it was ln the locatlon
2 wre g i

tasks of. the parking lot problem where most of the counting

‘u
;

was done.. Audible counting did not occur‘es often as one

e - o,
|,{':'J\' K] R

«fmlght .expect. Most of the counting dene was inaudible
©But lmplled by lip and hand movements : ‘0of the subjects
@* ’,‘;durlng the completlon of the tasks.l Only one sub]ect,

cfrra six- year -01d5: counted audlbly the number of Spaces as

4

: Y N
N he moved down thé row, then overtly checked hlS p051tlon
.y ff*by mov1ng his ;hnd down the column to the numerical
s o .
. marklngs on the grld . .
TN ! ’e ~
Cew o o Ty , ~
P - ' Table 10
Qﬁr}.. hal e"»} - F' P .
f:;;nf T ! Frequengies for the Five Verbalizations Categoriés
i’ b = b : ::"b, = — — 4 - = " — =
LR . Lk . . Verbalization Category }
‘Problem ) - a b - c “'ud. e
e Parking Lot (N'= 60) 19 9 38 21 10
_ . Theatre ~ (N = 30) 12 1 24, 6 . 9
Total . , 31 10. 62 ”21\/\ 19




S ; I A
problem and 10 subjects in each age groupfgo be ix
the theatre problem. Twelve of the orlglnal su

ce R

"the dlstrlbutlon of the problem sets prOVlded for flve

':_tsubjects at each age level to be glyen th% parK%ngWQ’

w

fproblemsnm%de}nofcomment as they made’their selection.

PART II. THE LONGITUDINAL .SAMPLING

For the longltudlnal sampllng theoretlcally

LR

;dld not part1c1pate in thls phase oﬁ the lnvestlgatfﬁn f -

2

thus reduc1ng the number of subjects in each age group,

v : cn

except age seven, who attempted the problems ‘in l975

s

(see Appendlx D). ..In order to check the valldlty of

:.data, the i3g1y51s of the%g“ 'i§‘-

behav1ors f0r g%eglongltudlnal data lS treated 1n ‘the =

same manner o ‘*“m']ib‘:: L 1_1 {j e R ‘_?

Sectlon l ThelParkingﬂLot f'w{f;ifvﬂ .,,","T;;‘

E . Dot L
o

The Locatlon Problems _f}”. }_

Twenty-four of the 60 subjects who attempted the ;




Qld;have been class1f1ed.accord1na to the same categorles (see
page 40) . ' : e
: .EE‘ For the longltudlnal sampllng a- change Of emphasls
‘{Qé:' t‘f;;iHowever, thlS d1d not requlre a*change in
w;;; procedure cla551flcat10ns Whereas the subjects werewﬁ?tnl

'“;ifass1sted 1n more than the flrst task 1n the cross sectlonal

n.,

51nterv1ew,.they“ere not glv n assrstance after the flrSt | 7‘W-
, ,» 4§ aisists |

“,\par was parked rn the’ longltudlnal sampllng A sub]ect f,-”;yv%;
G who may have been‘clas51gled in: category IV the category“
,where aocorrect response was. made w1th the aSSLStance of
‘the . 1nterv1ewer 1n the crossé%ectlonal sampllnq; now -
‘would be cla551fied Ln any one of the remalnlng categorles‘Jl

.‘dependlng on hlS solutlon._ In the longrtudlnai study for'

task 2 and 3, category IV would be expected to be an,l ;

_funused category As 1n the cross sectlonal sampllnq a'.
'?table of the dlstrlbutlon\of the solutlon categorles for-

”task 1 has not been lncluded because task l was an 1nstruc—'"

B E . . L

tlonal task The dlstrlbutlon of the procedures used 1n

o

the cross sectlonal and the longltudlnal study 1s glven . bj‘f;eﬁ"

fﬂln Table ll for

sk 2 and Table 12 for_task 3

The overall dlstrlbutlon‘_ema;ned unchanged =
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fﬁ.3wsuccessful 1n performlng task 2 or task 3 whereasﬁiwo B

- f9.ti'f"f¥éarffdlafsf:f gave fco?reﬁétV'so‘lltit.’iibil.s‘ o the "‘ﬁiﬁivrd 5t"a$k -

Eop

an the cross sectlonal sampllng.‘ The flve-year olds 1n fgﬂ-r
Jﬁithe longltudlnf_bsampllng markedly 1mproved 1n thelr rt |

‘x

z_iperformance w;ih at least half of the sub]ects

cOmpletlng RO

RS

was correctly located byy"



' 4' .
I e

'"f_seven—year olds 1n both sampllngs.; In the 1ongltud nal

A‘[isampllng the performance of the 51x—year old grou

cnoteworthy.e In performlng task 2, whlch lS locat‘ng

11(2 5), allﬁwere cd&rect.ﬁ In contrast only one was

lv..v

ﬁfcorrect ln locatlng (8 6) in task 3'& In both the cross-?”"
: ‘rk" . . . . "

ih{sectlonal sampllng and the 1 fghtuﬁlnal sampllng the

:gé@@ﬁf;gproportlon of correct responeﬁf.ln task(Q 1ncreased aS';§ﬁ 

R A

‘Vnage 1ncreased.u ThlS occurredfar%otin the cTross- sect10na1 Rt

Visampllng in: task 3.1 Task 3'

;hwas co%ﬁm

igthan the §i —year olds.ﬂ Threebout;_ift;t}‘:’n&‘v

hf‘ﬁlongltudlnal’sampllng

‘ted‘more successfully by;ofh*”f

1ocated (8 6) whereas only*one outj

| .‘."’:'_tf.;t"dld the same 'f PREEEN



y ’ [ C Y
' .o co

to be matchlng for each element of ‘the number palr.:'The‘
4 ST

'ement‘qf the number palr
b 6 ,_{ _’* )
‘w1th the row axls and the second elément w1th the column

| subject would match the flrst

,!’ B \

ax1s, mov1ng from the column ax1s, over the rows untll the
'rlntersectlngvspaci&wasvfound.” Ehother matchlng strategy
v‘~employed waS'such that the subject surveyed the parklng

'ff eyes and then placed”the car 1n the approprl—f‘?

,}b The Selectlon Problem - ‘--.,-
o s ‘, ks “n AR

S 'hu As 1n the cross sectlonal sampllng, after completlng
LB i

-“f‘the locatlon of three number palrs on the parklng lot, each,f :

e

ljlsubject was asked to solve a selectﬂon problem 1f there-waslf;}hh'

‘h‘ht{at lea;t one car parked correctly ' It should bebhoted thattyf‘w'

‘ he car_padﬂed 1n the 1nstructlonal task 1s conSLdered even;;fs
‘fithough the datkihave not been 1ncluded 1n thlS study for:tf

”1fnﬁreasons prev1ous y stated. The selectlon task cons1sted of
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ya.one of them belng successful The proportlon of successful @%ﬁ

f ;.'

the three categorles accordlng to the procedure used. Thev

lestrlbutlon of the solutlon procedures employed in the

"longltudlnal sampllng made correct selectlons whereas 20 %5 , {1
'_successful 0 In the longltudlnal sa
jattempted a solutlon., Three-of the

,1n the cross sectlonal sampllng attempted a. solutlon w1th - g

'jperformances 1ncreased as age 1ncreased$W1th two exceptlons

‘psampllfg and the longltudlnal sampllng, 1t was observed
’:;“?sks and selectlon tasks successfully , The varlantmf

‘”ftudlnal sampllng one age group was successful 1n the

'~fselect10n problem but was not successﬁul 1n both 1ocat10n

;tasks;,

81
Each sub]ect has been cla551f1ed as belonqlng to one of

Ky ' " . o ) BRI

‘cross secﬁlonal sympllng 1s also given in Table 13

N

: The overall dlstrlbutlon remalned unchanged even
4!'

though fewer subjects attempted thevtask in 1975  The

‘fhproportlon of successful selections 1ncreased,1n the - o

\

clongit‘ainal sampllng; Flfteen of the 24’subjects in the Ty

a'n

of the 41 subjects in the cross sec

1onal sampllng were

}

N (-

??

' the 51x year olds 1n the cross sectlonal sampllng and

'[ the sevenhyear olds in the longltudlnal sampllng.y_

oo

In examlnlng the locatlon performances of the

lfsubj cts who made correct selectlons 1n the cross sectlonal

*:-tgat at the ag; of seven subjects completed all the locatlon

:k;behav1ors occurred 1n the younger aqe groups.; In the longl—h ;ff”

Thls was_the 31x-year old group.; All the 51x year—“




82

o
. 9 -

olds ‘who made correct selectiops were able to park the car
in space (2, 5), fut were unable to park the car 'in space

(8, 6) ‘ The flve year-olds in the same sampling who could
K
‘make a correct selection: could also park the cars correctly

in~both task 2 and task 3.

o, In the cross sectlonai sampllng (1974) ‘there was a/'

larger number of young subjects who made correctvselectlons.
i ThlS was ekpected hecause thfre were:&ore younger part1c1-'
oy pants in the Cross- sectlonal sampllng.~ They were also -
glven more’ aSSIStance in completlng the locatlon tasks.slof
B . the four—year—olds and fi&é ~year- olds who made co;rect :

. selectlons, they completed only one*two l\\a\tlon E
- - G . . . o ,
. - L . . .“yi. .

.tasks,successfully.~ . 5%1 SR v :
<o . .‘:' & _. : - * A_,_. L B o Aw

e . <} &
The 51x—year—olds performed dlfferently in- the» o
B . B -~ 4 o /4& o “"‘Qlu.;;a ? dej:
‘cross sectlonal sampllng compared to the longltudlnal v s

't v

sampllng.‘ In the cross sectlonal sampllng the six- ph

year olds who completed the selectlon task successfully, e

r

T also completed correctly both of the locatlon tasks.
Yoo /-

In the longltudlnal sampllng,hthe 91x-year-olds who ﬂ»; f‘_;’\

made a correct S _klon were successful only on the flrst

B locatlon task. fl“e'last locatlon task was u31ng number
~€$;; parr (8 6) In the longltudlnal sampllng all the s1x-year—ya
olds selected row elght but made an error 1n locatlng i

vspace s1x¢} All the subjects ln thlS age group used a
e matchlng process 1n 1ocat1ng the second element ofrtheh{hfgapljhﬁys
Tlfp number palr (8 6) and were not accurate in, trac1ng the.path?”v'

ey T R U P,
e SRy




i

g4

“rfour 51x year-olds made correct'selectlons.; IT-%h

_,.kYear—olds dld both iocatlon problems correctly. ﬂErro‘s

- tlons has been dev1sed to record the correct responses of

_ results are glvenvan,Table 14.

* ’ . v

from the column axis to row eight.

. '} . :
c. Comparison between the Location “and
“ Selection .of a Number Pair

A comparlson of the leutlon{reSults for the loca-:

tlon tasﬁs and selectlon prob em should reveal whether ‘the

subjects in the sample were as successful with the ‘tasks
1nvolv1ng one process as w1th those 1nvolv1ng the other,

As 1n the cross sectlonal examlnatlon, a table of- dlstrlbu—

‘the twentydTour sub]ects who performed both the location

and selectlon tasks in the parklng lot - problem. These\ \\\

a 5v

In the lohgltudlnal sampllng, accordlng to proto-

.col, the subject was not presented the selectlon problem ,

h’unless at least one locatlon task had been completed

correctly No four—year-olds were, successful in the loca-
tlon tasks and therefore did not doﬁfhe selectlon problem C %
Three of the four flve—year olds completed at least one of

the locatlon tasks These flve—year—olds were all success-

'ful in locatlng (8, 6) Two oftthe three that were ellglble

- for the selectlon task dld the task.. correctly In the 51x-]'i'

Sl

year-old group all four partlclpants performed task 2

’Tcorrectly but only one WaS correct 'in. task 3. Three of the - jj

o

b 4

os'were made 1n the selectlon problem. Twenty;percenttof;thevidrgg
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Table 14
b )

Dlstrlbutlons of. Solutlons for Parklng Lot T

7 o . Longitudinal Sampling
! P (N = 24)
M o Age,4“ Aqé 5 Age 6 .| Age 7 ‘Age 8 | Age 9.
Subject L[ s | L|s| L |s|wLls|t1|s L |'s .
e sy oA 2,3 v o2 vl 3t 2,3 2,3 v
'n.ﬁj‘sz foqTa |l 3| /) 2 v 2,3{ Y 2,3V |2,3]|V
? o . ; | | B e
S TA 1 12,3 2,37/ j2,3]|V
3 3 N | a T T _
S, ., TA | 2,3 22 | V2,3V 2,3/
A7 4 "“ o~
o e 4 - ) \3)
2, 2,307/ |
Sg 3
F-2d
3 . »
13 ) :" : el ™ . .
v,:L'~ Locatlon Problem A | o - S
‘ Lé'empty space' the correctly parked car was placed
o in the Lnstructlonal task
' S . q2v—,solut10n for task 2
e ' 3 - solutlon for task 3
e s - Selectlon Task_” , .
- :f“v S < soluﬁ;dm ﬁQr selectlon task B R
%ﬁ#ﬁ ) TA - Task %bandoneﬂ :.: ?l" » L ' |
° / : ] : @1‘}\“ c :



varbe

‘ that the ablllty to solve problems 1mproves as age

1ncreases ~when observ1ng chlldren " - . P

‘and humber. ‘Thé color of the tlcket designated the tier,

the subjects would not, be a551sted by the 1nterv1ewer

-rev131on of the protocol dldﬁ;ot neceSSLtate any change

.

selectlon resp%nse% were 1ncorrect All elght year-olils
¢

and all nine- year—plds ﬁ%mpleted both ‘the locatlom o

. and the selectlon problem w1thout error. As age 1ncreased

L M N N .
the prOportlon of correct responses 1ncreased 1ndlcat1ng R

.

A

Section’2. The Theatre '
a. Location -Problem o ’ i - l,'<fh

)

Of the 48 chlldren who attempted the theatre prob-
lem 1n the longltudlnal sampling, 30,had been glven the |

problem in the cross=zsectional sampllng (see Appendlx D).

!

" The locatlom problem in the. theatre consisted of four tasks

involving the,use of a coded trlple. 'The subjects were
presented a 'man' to. place and a tlcket de51gnat1nq his®
seating space;' The ticket was coded ‘with color, letter
the letter stated the row and the number 1nd1cated the

seat (see Appendlx A for protocol) jfv' o SRR

.._“:,

As in theuparklng lot problem, the longltudlnal

' study (1975) of the theatre problem had the rev181on that

° >

after perfonmlng the 1n1t;al locatlon task. - ‘This sllght

< e

pdln the procedure categorles (see page 56) . The distrlbu—'

tlons of the procedures émployed by the subjects in the
? 14
crOSSvsectional and in’ the longltudlnal sampllng are glven

! N - . . . . s
. . . . ; .
}ﬂ.» i e

» :

a - | S ,;’ o ‘ 2

> ) - . . !



>,
LY

\
A\

. in Table 15 for task 2,:Table 16 ﬁor taSkE3;'and\Table lj ~

for task 4. PR ' L . . g‘ j\\

3 i [N s <

Due to the modlflcatlon 1n the protecol of no P

’ -

a551stance belng glven after the 1n1t1al locatlon task

£,
category Iv would be expected tOrbe an empty category in

the longltudlnal sampllng (1975) }imhe subjects who made

o
lncarrect. responses on the varlous locatlon tasks have been
\

placed in categorles I, II or III. Those who made correct .

responses to the locatlon tasks 1n the ;heatre prbblem have
been placed in’ category V.j The proportlon of successful
solutions is greater for the longltudlnal sampllng (36/48 )
for task 2, 27/48 for task 3, 31/48 for- task 4) ~than it 1s
for the cross- sectlonal sampl;ng (17/30 for task 2 10/30‘ l
for task 3, 16/30 for task 4) . When the total number of

o

correct solutlons is compared. to the number of subjects who
performed the tasks, it rs noted that 65 percent of the |
longltudlnal ‘tasks were performed correctly while only- 48
percent of the cross sectlonal tasks were correct. Tth
was expected, as has been prev1ously stated because there
were no three- year-oids 1n the longltudlnal sampllng and
there were more older ubjectsﬂ .

In comparing tha results of the crdss-sectional

L} . ) 3
sampling and tht longitudinal sampling it'waSﬂobserved that -

the subjects at the same age 1evel behaved 1n a 31m11ar o,
manner in the two studies. The subjects who were four and

older met with a degree'ofgsuccess in locat;ng\the trlples.

EN
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The number of correct 1ocat10ns 1ncreased as the age' of the

subjects increased In ‘the crOSs—sectlonal sampllng one
o - -

four year old performed the’ location tasks of Red A5 and

Yellow E4 corréctly _'In the longltudlnal sampllng the

0

-correct responses made/by the four -year- olds were on task

2—-Red A5 The performance of the five- year olds was
con51stent 1n(the two - sampllngs In each sampllng about
half of the subjects performed each of the locatlon tasks

correctly.. The performance’of the six-year—olds Was

better in the longitudinal study than in the cross—

r.

SECtlonal sampling.~ Two- thirds of the responses were
N v

cgrrect for the 51x—year—oldspwhen'engaged in the location .

tasﬁ} in the longitudinal sampling compared to a

in the crgss-sedtional sampling. ‘The seven-yea -olds,

eight-year-olds and nine-year-olds performed all

Ed

‘ <

location tasks w1th near perfectlon.

- For both the cross- sectional sampling and the
longitudlnal sampllnq task 3——Blue B8 was the task with the
fewest correct responses. TH% five year olds were thes
youngest age group to correctly locate Blue BB The ‘,

3

youngest subjectSvto perform successfully on the other two ¢

tasks were four years old with one exception In the

) 1ongltud1nal sampling no fOur-year olds located Yellow ‘E4.

In each of the age categories having correct responses,

the number of correct responses in task 3—Blue B8 was

A Y

either the same as in the other location tasks or fewer.

90
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' Not one age group performed better on task 3 than on the

othervtwo 10cat10n'tasks. At leaSt half of the errors made

in the locatlon problems of the theatre 1n both the cross-

<' séctlonal and’ 1ong1tud1nal sampllng were category III type .'
. \ 'v"

1]

ferrors * The subjects who were flve and older had two of
'T K R

the three'elements 1n the trlple correct In the 1ong1-
T :

tudlnal study the. four “year- -olds attempted the locatlonu‘

problems but were only successful in  locating Red AS.. In

contrast to the»subjects of five years and older,'they

‘made mostly category IT type errors. Of the 12 category IT.

type errors in the long1tud1nal sampling, the four- year ~olds
made nine. ‘The four-year olds were the- age group with the
greatest variance in behaylor in both sampllmgs. Thelr

behav1or ranged from hav1ng 6he element of the trlple .

. correct to hav1ng the correct location W1th all elements

o

correct.

b. The. Selection Problem

As 1n the cross sectlonal sampllng, after the com-

’ "plefion of the locatlon pnoblem each subject was asked o

solve a selectlon problem 1f the requlrements were met;/%

-

P
The p;otocol stated that at least, one man had to be

correctly seated whether ;t was placed by the subject in
ycompletlng the locablon tasks or by the 1nterv1ewer in =
the 1nstnuctlonal task, 1,e.; task 1. It w;ll be recalled
that the selection problem with the:theatre consisted of the
_interviewer pointing to aycdrrectly placed 'man' and asking

- . &
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the subject to select the ticket with the triple desaribing‘

_ sampling, some subjects}* ﬁ:fhfﬁ“‘j? 'the task in @ manner
Which did not follow theiprotocol‘ In”the 1ohgitUdinal

' sampllng 43 of the" 48 subgects who were presented the

L

- theatre grld problem were presented the selectlon problem

accordlng to protocol The observed-solutloﬁ procedures

were categorized‘as follows: - ’ °,.- ’ p
v

I. _The subjegt dld not attempt the task or the task

Tlis abandzned IR R ’,. . o >
II. The subject chose the incorrect‘ticketr.“ R .
IIIg' The subjecé chose the correct g ckef.
Tablé.lq shows the distribution Qf procedures used
dbyithe"43 subjects who were presented theiselection‘problem. '

Each subject has been cla551f1ed as belonglng to one of the

 three categorleS/’*Thls tabie does not 1nclude the resu{tsjfy

i
of the selectlon problem in -the CrOoSs— sectlonal sampllng

o, ‘1

;because there was not suff1c1ent data to enable 1nterpreta—

tion.. * o ,
: B\ . - - - Q

’Of‘the 43'subjects‘in‘the'longitudinal sampling'
who attempted“the selectlon problem, 35 made a correct

sselection. Each age group had some sub]ects that were , /

successful. The older ‘age groups had a larger proportlon }

°

>

of successful subjects ‘than the younger age qroups. Two

hout of-five four—year—olds made correct selecthns. ‘This.
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I ' Table 18 \
Distr#ution of Procedures for .the Selection. i
Problem of the Theatre—Longitudinal o
- . (N - 43)* ‘R,, "
4 5 6 7 8 9 -
sl M ' FiIM  FlM FlM F
F| M M . rM F .
@ 177 F| M My Solution
2 y FI M M M- N = 35
s F| M M
%_" FIm M —
S¥] M
©
S -
o IT
5 ) No
’§ _ _ . . SOluthnfw
o M M F M M N=8 ". _ .
I v
.
% Protocol was abandoned in five cases.
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age group was the only one whlch made an incorrect response

as in the other age aroups the responses were elther correct

or the task was abandoned. Of the seven five-year- olds,
/
four made correct selectlons_ In each of the age groups

from six to nlne inclusive all but two selectlonf were
/
‘correct. - The two selections which did not fall into

category:III were category I responses. fhe task was.v

abandoned-in these instances. .The reason for this was two-'
. Q
4 . )

fold. The protocol stated that,if there was no"maq'
seated . correctly the task was to be abandoned. Thé.task i

™
was ‘also” to be abandoned if "the only 'man’ correctly

/placed was in Red A5 and there was no other 'man’' ‘on the

red level.
1)

cC. Comparlson between the Locatlon and
Selection of a Coded Trlple

A comparison of the solutlon results for the two
ma]or prdh{ems should reveal whether the subjects were as
suécessful with the tasks involving One process as with
those 1nvolv1ng the other A table of dlstrlbutlons has
been dev1sed to record the correct responses of the 48

| subjects who performed both the location and selection
problemSngthe theatre; These resu1t5‘are given in Table 19.
- .As in thetcrOSs!sectlonal sampling the subject was
not to be presented the selectlon problem unless the require-
ments concernlng Ere location: tasks were met.  Five of the
seven four—year—olds completed only the second location task

t/ L 3
f .

L)

J



N Table, 19

Diétfiputiohs of 'Solutions’ for Theatre Tasks

\ (N = 48)
| Agéﬁ4 Age 5 Age 6 Age 7 Age 8 Age 9
subject .| L| s| L| s| n|s| r|s| |s|zr s
S, | 2| . 4| 723 v 238] v 234] v 2,'3‘,4‘ K
S, 2| v \\ ‘TA 4 _./ 2 PA | 234 / 2,3,4 Y
S, . -4 2|ra 2,3\,4\ v 2'34\'/ 240 /. | * 2,3{1. v
S, " lra 2,3,4\/ 2,4‘ " 234| v | 234 A=
S s ™™ T\A 28| /| 234" /| 238 /| 238 Y
N s¢ |2 |ea 234l v 34l v A | 234 V| 234 v
S 21 7| .}I‘A 4 /l 234 Y| 234 v
Sg . | 234 / 2,4‘ PA | 234 ¥
Sq v 234 /' 23 Y kY-
S0 . A - :23'4“/ ¢

L - Location Problem ' '

2 - location f%sk 2 was correct .
3 - location task 3 was correct
4 - location task 4 was correct

e

S -~ Selection Problem N

“/ - selection task correct o

'TA - Task abandoned
PA - Protocol abandoned
* - Technical difficulties
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.successfuily) i.e., Red AS5. Of these five two fhade

correct selections. No fouf-year—old located ue “B8 or
YellowAE4. Unlike the four-year-oldsz the five-year-olds
were most successfuzhf:jlocating Yellow E4, the fourth

and final task. Ea of the four five-year-olds who

By
v

located Yellow E4 also made a correct selection.” This
;L all

- age group was the yoﬁngesg one to have subjects

. ~ . . P " )
location tasks plus the selection task correctly. Three of
, " g .

the four fivé-ye;riQ&fe;who\made some correct responses,
were ‘correct in all lgcation tesks and the selection task.
Al% of the six—year-?lds’%omgleted at Ieast one locdation
task plus the selection task suceeSSfully. Two of the nine
in.tﬁis‘age group'completed all tesks eﬁcqeésful¥y, One
seven-year-old did all the location tasks incorrectly..

Therefore s#he selection task was abandohed. Feur seven- ;

year-olds‘ completed both location and selection parts of

‘the theatre probiem correctly. The remaining five subjects f
in this age group.;;;;I:;zd a minimum of one location task
correctly. The performance of one eight+year+old was not
recorded due to technieai problems. The remaining eight
eight-yeaf—olds completed a:minimum'bf\two‘1ocation tasks.
five of the eight performed all aspecte of the tﬁeétre ‘\\;\\\\
problem correctly.' One subject in the nine-year-old '
greup made an error in a iocation £aek. Five of the six

. nine-year-olds had a ﬁbtall sﬁcdessfui perfg;ﬁanceu

There is the le'aet varzabgz%

fity in performance in the older

K



‘age groups. The five—year—qlds had the mgst variant

1

behavior for this problem. Their behaviors ranged from

¢

having no aspect of the problem correct to having all

i

location tasks done correctly plus the selection task.’

~

Section 3. Cdmpatison

a. Comparison‘of'the Location Problems
of the Longitudinal Sampling

-—

As was prev1ously stated in the dlSCUSSlOn of

the cross- sectlonal sampling, ‘the locatlon tasks 1n the

o
parklng lot problem 1nvolve u31ng a number pair in two-

dlmen51ona1’space. In the theatre problem a trlple con-

’

S1st1ng of color, letter and number was.used to locate a
position in three- -dimensional.space.

In the longitudinal sampling 24 subjects did the

parking lot problem and 48 did the theatre problem. The

number of subjects who‘performed in each age group varies

because not all those in the cross-sectional sampling

returned to.do the problems in the longitudinal'sampling;

Ay

For these reasons tha total number of correct responses for

the two locatlons tasks in the parklng lot problem have

been comblned for each age group and recorded as percent—

ages The same treatment was glven to the three locatlon

tasks in the theatre sltuatlon., Because no additional .

. as51stance was given. the responses were classified elther

(]
as correct or incorrect. The percentage of correct

97"

.

responses in each age grouﬁ*is given in the followlné table:

C ‘ : ) -
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Table 20

Percentage of Correct Rcsponses,
in Location Problems

-

‘ . v "Age
Situation ¢ 4 - 3 6 7 8- 9
Parking Lot X 0  62.5 "62.5 100 100 . 100
. Theatre o 24 43 . 67 73 89 89

. 3

ExamLQing the percenbage of correct respons&s,'the\
- Y ) R - . R
four-year-olds were the only ones who performed better on ™~

“the location probEEms of the theatre. The proportlon of

correct responses for the six year -01ds ‘was - about the same

1

in the 10cat10n tasks of the two problems. The five- year—

olds and the seven years ‘and ‘older - age’ groups performed

ﬂbetter on the parking lot problem.” In the longltudlnal

sampling, with the excepthn of the four -year-old qroup,
®
it appears that the subjects were more successful with.the

number palr in two dlmen810nal Space than with the cbde

‘trlpie in three- -dimensional space. =

b. Comparison of the Selectlon/Qroblems R
of the Longltudlnal Sampling ’ "

In both' the parklng lot and the theatre 31tuatlon‘

of the longltud;nal sampllng, the selectlon problem was

,hot done unless at least one logatlon,ﬁask was doneﬁ

correctly according to the protocol.
. Id the longltudlnal sanpling 24 subjects were

presented the parking lot problem and 48 subjects were

)
©

98
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presented the theatre problem. The number ofucorrect res-
leonSes;heig been converted to percentages to‘enable a
»comparison of responses. In converting thefprooortion of
:correct.resoonses in each age group to\gercentages the .
folloﬁing ratio was used: |

the number of correct responses in the age gro

the total number in the age who were presented
task according to protocol*

*Protocol was abandoned. ln five cases of the selection N ,
problem in the theatre situation. B e

it N . ’ . : .
The results of the correct responsés on the two

problems can be seen in the following table:

(4

Table 21
Percentage of Correct, Responses in the
, . Selection Problems (Longitudinal)
T .
4 Age
Situation - 4 .5 6. 7 8 9
"Parking Lot - » 0° 50 75 60 100 100
Theatre. 50 ° 57 400 87.5 100 - 100

On the:whole the selection task in the theatre
problem had ‘a larger pronorgion of correct responses than
the parkin; lot selection task. Eacn of the age groups
from four to seven years had a larger proportion of correct
responses in the Selection task of the theatre than in the
parking lot. All eight and nine—year-olas completed both
selection tasks successfully. In both the problems the

six-yeéar-old grodp performed better than its adjacent age

o]
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groups; There was a marked increase in the proportion of
correct responses betweeh the five and six—year—old,gropp.'
The proportion of correct respohses in the six—year—old
group was s&ightly-greater than the seven-year-old groub.
+~1In every case the selection-task of the parking lot was
abandoned ih the'four¥year—old oroup. Their pefformance
~on the theatre selectlon task markedly 1mproved as 50° per—
centkof the four-year-olds made correct selections.
Overall’ the performance on ‘the theatre selection task Qas
better than the parklng lot selection as was indicated by‘

a

the proportlon of correct responses. —

" Section 4. Verbalizations

. _ ,
Verbalizations were again studied in the longituj/

‘ ; i /
dinal data in order to compare the types and frequencies
: ' /

with tho?e of the cross—sectional sampling.. Analysr; of
the first sampllng revealed that the subjects exhlplted ’
many spontaneous verbalizations whlle attemptlng to solve
the varlous tasks. Examination of the data glvehhln

Table 22 below revealed that the proportlon of subjectsk
exhibiting verballzatlons during the longltudlnal data
collection WQS*greater than in the cross-sectional sampling.
Thirty-five out of the 48 subjects made comments while
attempting the tasks in the longitudinal sampling while

k-3

only 32 out of 60 made comments in the first sampling.
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. B | Table 22

Number of Subjects Verbalizing

L4 . ' S A

(3

Age Level §J
Task A 4 5 - .6 7 8 - 9
Parking Lot (N = 24) , 4. 4 2 s 4
Theatre (N = 48) 5 6 7. 8 "5 g4

In the longltudlnal sampllng the nlne—year-olds ‘did
-not eXhlblt many verballzatlons but the seven- year olds did.
The frequency of verballzatlons expressed by the subjects
in these age groups did not appear to depend as much on
age as on the sample.

Table é3 oivee the frequencies for the five cate-
gories of verbalizations exhibited by the subjects in. the
longltudlnal sample. The flndlngs in the longltudlnal
sampllng were similar to those of the Gross- sectlonal
sampling. Verbalizations anOIV1ng comments pertaining
to the tasks occurred more often than any other form of
verballzatlonsr In contrast to the study of 1975, the
longltudlnal sampllng had as its second mosE frequently
‘used category, - category b versus category a in the cross-
sectional study.  1In th; cross- sectlonal sampllng fategory
b—the repetltlon of _the questlon——was the least used
category. 1In the longltudlnal sampllng subjects frequently

verbalized the aspect of the task on whlch they were
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Table 23 ‘
 Frequencies for the Five Verbalization Categories
R » o : Verbalization Category
_Parking Lot (N = 24) 2 8 19 5 1 ,
Theatre (N = 48) 421 31 3 4
Total | 6 29 50 8 5

~ Asking for clarification or repetition of the question.
~ Repetition of question to self. ‘ T
Comments pertainfng to task or maéerial (e.g., counting).

- Nonverbal sounds (car n01ses, 51ghs)

® & 0 g
1

- C%E?ents not pertalnlng dlrectly to problem

2
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concentratlng, espec1ally when worklng w1th the theatre.

'
1

‘The parklng lot problem Stlll e11c1ted the most anlmated
n01ses.' There was a decrease from the Ccross- sectlonal
.data 1n the number of subjects asklng for clarlflcatlon
.of the problem ~ This decrease can be explalned in part
-by*hhe demonstratlon glven by the 1nterv1ewer before the
fﬁtasks were attempted.‘ .The subjects were encouraged to
‘{watch and llsten to theedemonstratlon. Even though 1t
'.was not expressed the sub]ects had prior experlence w1th
the apparatus and tasks 1nvolved -

| There were very few 1rrelevant comments made in
the- longltudlnal sampllnq When the chlldren attempted
the tasks the flrst tlme, the laboratory set- up. whlch was
unfamlllar, ‘may - hdave prompted them to exhibit this
behav1or more often. , _

‘“ As had been observed in the flrst samplings audible
countlng was not too ev1dent in the longltudlnal(zampllng
It appeared that most younger subjects in the parklng lot
problem d1d inaudible. countlng as 1nd1cated by llp and

14

hand movements. Only two flve-year olds and one’ s1x-year—

7

_old overtly counted.' ‘ ":. ' ‘ - §\
,uAll.verballzations'examined,Weremexhibitedrby the;'
subjects while attempting to solve the problems. Even

[y

though the frequency of verballzatlons was hlgher in' the
1ong1tud1nal sampllng, the comments made werxe usually
pertinent to the task and very brief-—usually one word’

&
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or a short phrases‘ None Qf the subjects 1nd1cated that

'they rememberedfthe proi ems from the prev1ous yearA

" PART III. COMPARA'ON OF THE DATA OF . THE
 :CROSS-SECTIONRL SAMPLING AND:
THE: LONGITUDI AL SAMPLING

-

in"~ —verbal problem—solv1ng was conducted 5there were

"30 subjects who dld both the parklng lot prOylem'and.the

‘theatre problem. These sub;ec S Aws;i;?;,_.r from three—

year—olds to elght-year—olds.__The follow1ng year the
“second phase of the study waskbonducted w1th 24 of. ‘the 30
/ subjects returning to do both the parklng 1ot problem and
the _theatre problem.‘ These subjects were then in the age
range of four to nine years. The'dlstrlbutlon ‘of the
solutions for the 24 subjects who attempted the parklng
“-lot problems and the’ theatre problems in both sampllngs
1s‘g1ven in Table 24. Comparlng the“performance of the
Cross-= sectlonal sampllng and the 1ong1tud1nal sampllng it
was obServed that for the younger subjects the 1ocat10n
tasks in the theatre_problem Were the flrst tasks per-
formed with a‘degree(of snccess. The locatlon tasks in’
tlvthe theatre problem involved worklng w1th a coded trlple

in threetdlmen51onal space. The tr1p1e consisted of a

code written ‘with color de51gnat1ng one of the three

' tiers, a letter telllng the row in which the seatrng place

is to be found;‘and a number which gave the seat. 1In



105
- . .
Table 24 -
Dlstrlbution of Solutlons for Subjects who
Attempted Parklng Lot and Theatre- Problems
in Both Samplings
» Cross-sectional . Longitudinal
Age Subject {"pL | ps | TL | vs| pr.| s | mn | TS
‘ . 23 23 a0 [Zz3] [z al
A E . . Y . . *,‘
3=4 ISl ‘ '
Sz ' 1 . . u
, . . R *
S3.. . . o
- ‘ : NE * *
Sq | ; .
. LA R *
S \ * * * * k % *
. . * % * k. ok *
S3‘ N
* %* .
S4 B
5-6 s, * LB RS S
Sé * * xow| " LI EEREY R
33 *lx x x x * * x| =
* * * |x-x x| %
S, - A
6-7 Sl * X * | x % * x I C *
‘SZ’ * * X * Kk K
, 53 ) * [x % % * * x [* * * *
‘54 * * x % R PPRE T S
s * * * * % * [x % x| x|
5 g SR
7-8" S, ' * % % N T T CI
: SZ . 1% = * 1k k& * % * * * *
‘ S3°‘ * * * [k ok % * % * |*x & *
.8, *x * * |E % & * x TN LY S
VSS' x K e oxx * % * |x ok
- - x * * x * * * * K *
8-~9 -sl? 17 % =
SZ * * Ix x % * ok * [n % *» *
* - solutlon
PL - Parking Lot Locatlon
PS -~ Parking Lot Selectlon-,
TL - Theatre Location: B

g‘
l

Theatre Selection
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e e
contrast the lghatlon tasks of the parking lot problem -
1nvolved tasks u51ng a number palr 1n two—dlmen51ona1,
space. The)number palr con51sted of two numerals. The
flrst de31gnated the row 1n whlch the car was to be parked ‘
‘“and the second numeral gave the parklng space |

The developmental trend in p{oblem—solv1ng was in

",ev1dence when the performance of the subjects who attempted

ihthe parklng lot problem and the theatre . problem in. both
sampllngs was examlned Three of the four three-year olds
:who experlenced no- successfln the ¢cross- sectlonal sampllng,‘
'a year later, .were still not successful in attemptlng the
parking lot problem. However they ‘had a degree of success
.when attemptlng the theatre problem. - These three subjects
Aperformed the locatlon task Red A5 correctly Two of these
three three to four- year—old subjects were ‘also successful -
‘1n the selectlon problemFW—Th; performance of the four
subjects in the four to five year age group had a- wrde
varlance between’ the cross sectaonal sampllng and the
“longltudlnal sampllng The four —year-— olds of the cross-
sectlonal sampllng were not successful 1n any part of

: elther the. parklng 14t prOblem or the theatre problem. .

Thelr performance as . flve-year olds was dlfferent. Oné

subject as a foqr-year-old attempted both the parklng lot
and tHeatre problems and net with no success. A‘year later,

1n the longltudlnal sampllng, the same. subject periormed
13

every task of both the park1ng~lot~problem and the theatre

L8

g
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problem correctly.' Another subject in this aée group had
almost the’same-experience gofnq from performing no tasks
correctly as a four- year old to a near perfect performance
as a five- year-old., Thls subject failed in hlS attempt to
" make the correct selectlon*mn the'parklng lot problem.r .
Of the four sub]ects in the five “to six year age
-group, there was more varlance in the performance in .the
cross sectional- sampllng than in the longltudlnal sampllng
;In the cross sectlonal sampllng one subject dld not
iperform ‘any part of the parklng lot problem or the theatre
s'problem correctly.f Another subject was successful in’ one ‘
locatlon task in ‘the parklng lot .and not in- any part ‘of the
theatre problem A third subject 1n\the frve to six age
group performed succe\SSfully all the location tasks in th .
theatre problem but no part of parklng lot problem was -

[y

completed successfully. The,fourth subject in this particu--
” 0 . L.
‘lar age group performed all the location tasks in both the °

parking lot and the theatre correctly.  In the longitudinal
sampllng the same ﬁour subjects in the five to’Six age.

/1?

group dlsplayed less variance 1n thelr solutloneperformances

of the parklng lot problem and .the theatre problem Each

£

'subject was successful 1n at least one of the two 1ocatlon
tasks of the parklng lot problem plus one of the three
locatlon tasks and the selectlon task in the theatre prob—
lem. The‘subject who was the.least'successful in the-

cross-sectional sampling was the least successful in,the}

f!_) o

~ »
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1ongitudinal sampling. The two subjects Who were success¥
ful in one partdgf the parking lot problem or one part of
_the theatre problem in the cross- sectlonal sampllng, were
now successfulyln-one-locatlon task in the parking lot
problem and two locatlondﬁnd selectlon tdsks . in the
theatre problem. No subjects in this rlve to six year-age
group completed eVerm aspect of both the parklng lot and ‘
the theatre problem correctly

The six to seven year age group was the youngest
_age group to have a subject perform all tasks in the ‘cross-
sectional" sampling and all.tasks in t§; longitudinal
sampling correctly One subject in this ‘group performed
only the selectlon task 1n the parking lot problem
'correctly as a 51x—year-old A year later,-his age now
seven, he performed all locatlon tasks. of both the problems
correctly but nejither selection task The remaining three
subjects g.n this age qroup in l%{_/performed a minimum of

one location task in the parklng lot: and one in the theatre

prob em. In 1975 these same subjects were correct in the

two "catlon tasks of the parklng lot problem and two of

the three locatlon tasks of ‘the theatre problem Two of
»>

the three made . correct selections in the parking lot task
and;all three made correct selections in the theatre

problem. . o .
In the seven to elght age group and the elght to

.

. iy
nine age .group there was 'little varlance in the performance



in the cross—seotional sampling ahd the longithdina1V\\>
sampling. The subjects performed the locatlon and the
\selectlon problems of the parklng lot and the theatre w1th
Very llttle error in elther cross-sectional sampllng or
the longltudlnal sampllng. ' ) - . \

~

G01ng through the sampllng, comparing the perfor—
mance of a subject in the cross—sectlonal.sampllng to hls'

performahce a yeer later-in the longitudinal sampling,
: ) . _ ‘ ,; S

the subject's performence either.had the same number or

:kgeicorrect'responses. For the subjects who were seven

~t ',‘

and older in both the 1974 and 1975 sampllngs, most of
the reeponses were oorréct. In the three to .four and
four to fiue age groups the pefforuance of two subjec§s
remained unchanged in the two samplings. Thevreﬁzining
six subjects' performahce had more correct respopsEs_in
the longitudinal sampling; The experienoe of tﬁgbg;;;\to
six and the sir'to seyen/;ge groups was more correct X
responsee in the longitudinal sampling than the cross-

. : ' ki
sectional sampling impdicating that the ability to solve

problems has a developmental trend. -

kS

CONCLUDING STATEMENTS ' = | .

In this chapter the findings from the cross-
sectional and longitudinal’phases of the investigétion have -
been reported. A videotape recorder was used to record the.

behav1ors of the chlldren as they did the problems.i An

@

@
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indepth analysis of its usefulness was not done but from

the results of this 1nvest1gatlon it appears to be effec-

N

tive. The longltudlnal data support many of the cross—
sectlg%al findings. Most of the procedures employed by

the subjects in the flrst sampllng were again observed

: : >
in the‘second sampling. S » . ' ' :

The"f°llq¥&Pg general statements summarize the

specific findings which are considered important.

1. vVideotaping the behaviots of young children °

appeared to be an effective teChnique for collecting data
in a clinical situation | 0

2. The majorlty of subjects used a systematlc
procedure in thelr attempt to do the. locatlon problems.

3. In the locatlon problem of the theatre, “the
p051tlon to be found governed the order in Wthh the
elements of the trlple were interpreted.

4. The younger subjects experlenced a larger
. degree of success with the locatlon tasks utilizing a
code trlple compared to using a number palr

5. The children were just as successful with the ’
location problems assoc1ated with the park;ng.lot as-with
those associated with the theatre. o

| " 6. The children's procedures changed and became
more systematlc as they got older.

7. The ‘younger subjects wefe more successful with

the selectlon tasks than the location tasks in both the
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parking lot and the theatre problem{
7 . \ 7

8. In the location problems of the theatre the
use of coiored letters to indicate the tier was just as
effeétive as the use of colored tickets.

9. The chlldren displayed a variety of" verballza—

tions when attemptlng the problems.

LN



Chapter 1V

SUMMARY, DISCUSSION AND IMPLICATION OF RESULTS,
CONCLUDING STATEMENTS, RECOMMENDATIONS,
FOR FURTHER RESEARCH

Q ' , L]
, SUMMARY

Much research on problem-solving in mathematigs i
has been reported with the majority of studles belng
concerned with chlldren s verBal responses to problems
Nelson and Sawada (1974) undertook a“longltudlnal study
into young children's behavior in non-verbal problem-
solving situations. They designed six pairs of problems
on the basis ofo'derived criteria' as outlined by Nelsenﬁ
and Kirkpatrick (1975f; Because little is known at present

on how to devise appropriate problem-solving situations >
4

for children their ultimate purpose was to study the -_ -~
responses of youhg children to -these problem situations in
™, &

an attempt to include non-verbal problem solving in a model

for mathematics learning.

N,
A d

This present study'is based on data collected by
‘Nelson and Sawada for one pair of éroblems: The data were ,
collected“inra clinical situation and comprised a cress—
.sectional-and a longitudinal sampling. The cross-sectional
interviews were condueted in the summer of ‘1974 Qith a
sample cémposed of 90 ehildren ranging;in°age from three

L

to eight years. The longitudinal interviews were conducted

w 112
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the’folloﬁinq‘Summer with a sample of 76 of the original
subjects who were avéllable. ‘The.childfen thus were in
‘the age range‘four to/;:oe4 | | .’

The aim of the‘preseﬁﬁ‘sfudy Qas to observe and
describe behaviot§~o;;youngﬁohildren while-attempting to
solVe broblems associated with two spétial situations:
one in :twoi-dimensi.ohs',v which involved a. simulated parking

lot, and the other, in three dimensions, where a simulated

-
Y

theatre.was used. There were 60 subjects, 10 at each age
 level, who were pnesented with problems involving a .parking
. lot during thepcross-seotionel ioterviews. _Thifty of the
subjects, five at each age level, also atteméted the
probiems associated with the theetre. In the longitudigel
sampling, 24 of the available subjects tried to solve
problems invdlbing the>parking lot and 48 of the subjects
attempted the theatre problems. Each situation oonbisted
of a location problem and Q\séﬁection problem.

An interviewer presented the prg lems to the sub—
jects 1nd1v1dually As they worked at SOlVlng the problems,
their behaviors were recorded on videotape. Analysis of
the videotapes suggests the following general conclusions:

1. Videotaping the;behaviors of young children

~appeared to be an effectivg technique for collecting data .
in a clinical siEuatioo; ]

2. A systematic-procedure was incorporated by

many of the children as they eattempted the problems.
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3. For the pre-school‘Child‘the physical structure
of mathematically equivalent préblems can make some more

difficult to solve than others.
DISCUSSION AND IMPLICATION OF RESULTS

A summary of the findings was made at the conclusion
of Chapter III;ffA_discussion on each of théSe.folloys.v
Videotaping the behaviors! of young children appeared

to be an effective technlqpe for collecting data in
a clinical 51tuatlon. = e

051ng izz v1deotape recorder as a data-gathering
‘device meant that a permanent record of ﬁhe dhildren's
actual behaviors and verbalizations has been made for
every problem situation. One advantage in.having a per-
manent record is that the problem of reliability in inter-
)jpreting the data isjlessened. A tapg can be viewed any
number of times and by any number of individuals. In
other methods of observation, the one gathering the data
has some preconcelved notions and is often tralned to
record spec1f1c behaviors. The unexpected behav1ors may
be disregarded. The bias created by these factors would
be assumed to be eliminated in‘the data gathering proéess‘
when using a videotape recorder because all the actions of
the childrenvare to be recorded. 1In this study the
behaviors théthéfe deemed important were isolated after
the data had been collected and the tapes had been v1ewed

many tlmes by a team of 1nvestlgators.
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:An odtbome of usingﬁthe videotape recorder forﬁ

collectlng data is that the 1nformat10n has to be converted

lnto a WOrkable format.A A coding system can be devised by
observ1ng the actual tapes. anllke ‘the 51tuatlons whene\
the data are belng coded whlle the behav1or 1s 901ng on,

the code does not have to be developed beforehand. If

,ne;ever ‘a partlcular coding'is found to be. 1nadequate » S

revised system can be developed without the loss of data.

- If on—the—Spot coding is done and the code pfoved to be

/I

defective, all the data recorded would be lost. The ones
using the code do not have to be fully tralned beforev4
transcrlblng the data but can develop their Sklll and
efficiency as they record. A technician who is unable to
retrieVe‘the information from the tapes in alreliable
mannef can easily be replaced-without interfering with
the research. : -

A general coding system was devised to record the
behav1ors in all the problem 51tuatlons Even though
modlflcatlons and addltlonal symbols were necessary for
each problem the;similiarity of the codes has given con-
tinuity to the recording system. The codes were e;gi‘toi>
read and included those behaviors which were stimulated by .

the problem. Patterns of behavior could often be detected

“just by looking at the coded material. The one disadvantage

.in using taped data was that the task of transcribing the

information into a useable format was very time consuming.

&

A
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- ”Another-advantage in having the-data"reCOrded on
v1deotape 1s that it is easy to detect 1nconsxstenc1es in

‘the use of the protocols. Sllght varlatlons may occur ‘

unnotlced 1f behav1ors are belng coded as they occur.

- '\v .

'Using a. VLdeotape recorder 1n a cllnlcal settln@
means 1ntroduc1ng extra people and equlpment 1nto the:r'
‘51tuatlon whlch may dlstract the Chlld. ThlS could be a
shortcomlng of thlS system.» Fortunately 1n thlS pro;ect
- the problems and thelr accompanylng apparatus were suffl—
c1ently attractlve that such dlstractlons were mlnlmal.
Another dlfflculty is that the behav1orsfhave to occur in (ﬁl-
a relat;vely small space if they are to be totally recorded
on tape. Problems requiring aﬂchild‘toﬂmowe about a great
deal.may encounter some technical difficulties.

The majority of subjects used a systematlc procedure
in their attempt to do the location problems

The . systematlc procedures . used by the sué]ects
performlng the various locatlon ‘tasks 1nvolved countlng,
matchlng or a combrnatlon of the two. In the.parklng lot
problem the de31gn of the apparatus encouraged the use of
a strategy combining matchlng_and counting. Two numeral
.scales when fitted to the‘baseboard‘gave'the coordinates .to
each bay. An arrow indicated the entrance or starting
point. The majority of subjects appeared to use matching
for the first element of the number palr as they wduld

'slide the car along the scale and pause opposite the scale
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‘number Wthh matched the flrst numeral of the ordered palr.f

f‘Turnlnq 1nto the row: the spaces were then usually counted

A check was often made by a glance or by mov1ng a hand

..ifrom the de31gnated space, acrOss the rows, to the scale ~t" L

<3

1nd1cat1ng the space coordlnate. The older subjects oftéh

v e

‘_used a coordlnatlng strategy , They would be presented the

I

‘fttask, scan the qud and then place the car 1n the correct
space., | .

o ' . Q BE
"The des&gncﬁfthe theatre apparatus seemed to encourage

,a strategy of matchlng. Two elements of Ehe trlple, namely : ’ ;
color and letter, were found by a matchlng process. 'Flndlngo
the seat could 1nvolve countlng With' the seats being
fllabelled by numerals in front of the flrst row, matchlng’

seemed to be the more obv1ous strategy " The subjects had f

more flex1b111ty,1n their procedurez for flndlng ‘the glven

_seat. Unlike the parklng lot there was no obv1ous startlng

point. The subjects ‘were systematlc.ln that the t1er was
usually identified flrst and then dependlng on the task
the row or the seat was 1dent1f1ed next. ’

Both sets of apparatus encouraged the subjects to

-

use a: systematlc procedure 1n locatlng a p051tlon in elther

two- dimen31onal or three—dlmenSLOnal space. The subjects

ea81ly adopted a systematlc approach and tried to complete

the locatlon tasks.




"~ In the locatlon problem of the theatre, the4p051tlon

' to_be found governed the order in wh1ch the elements
- Of the triple were 1nterpreted

In performlng the tasks of the locatlon problem |

g 1nvolv1ng the theatre,.a p051tlon was to be found on’ each

[
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73of bhe three tlers. Of the three elements of the trlple to

"be lnterpreted, the tler was the flrst element 1dent1f1ed

.ln the majorlty of cases.n The seat was the next ltem to beg‘

"1nd1cated in tasks Red A5 and Blue BS. The tendency to
' \

51ngle out the seat in. task Red A5 could have resulted fromf”_

the fact that the subject stood 1n front of the apparatus.;~h

The numerlcal labels of the seats were’ very ev1dent as. they

'Vwere in front of the first row on each ‘tier whlle the
VS ' i

letters: labelllng the rows were off “to one’ 51de. /The '5!

'belng dlrectly in front of the seat was the more obv1ous

‘element on which to focus.

.In the case of Blue Bg.hosthof the“subjects could

not reach the pos1tlon from where they were s1tt1ng. ‘Many -

walked around to the back of the theatre and found the '8'
' and‘then the row. In thlS task the letter was probably |

' dlsregarded untll the end because an. alsle separated the
seats 1 .to .5 and seats 6 to 10. - The letterlng was: be51de
‘the flrst seat in each rol -and therefore qulte a dlstance
from the elghth seat When the subjects walked o the back
“of the theatre they stood éloser 1o the numerical ‘labels.

: The resultlng response in. the ma]orlty of cases was to o

focus on the seat and then locate the partlcular row in
. s .
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: Wthh 1t was 51tuated

The procedure for locatlng Yellow E4 was dlfferent
from the precedlng task3sﬁ In thls case the TOwW was |
‘1ndlcated before-the seat. Because the seats were 1n a .-

.curv111near arrangement and the label '4? was far from the'

‘-h,bseat, the Tow was usually found before the seat

‘ The trlple that -‘named the pos1tlon was composedrof”'
f three dlfferent elementsu The subjects could use thesegelf
: elements 1n any order.« The locatlon of the p051t10n
:1nf1uenced thelr ch01ce when they attempted the varlous‘
'tasks. L J | | ‘

The youngerisubjects experlenced a larger degree of

Success with the location tasks utilizing a. coded s
trlple compared to us1ng a ﬁumber;palr. T '

When the chlldren were d01ng looatLon problems,
_the descrlptlon of the p051tlon for the. ‘car in the parklng -
lot 51tuatlon and the 'man’ ln the theatre s1tuatlon were
glven by two dlfferent means. The parklng 1ot belng
'bounded‘by a horlzontal and vertlcal axes con31sted of
-jrows of parklng spaces Wthh were 1dent1f1ed by a- palr of .
'.numerals. The flrst numeral referred to the hor1z0ntal
ndirectlon and the second one 1nd1cated the vertlcal | The -
1ntersectlon of . the two, coordlnates 1ndlcated “the de81red
parklng p051tlon.n The locatlon prohlem 1nVQIV1ng the .
theatre was completed in a- three—dlmen51onal space. .The
theatre con81sted of ‘three t1ers of seats.. Each seat

9 B —_

hcould be descrrbed}by»u51ng a trlple cons;sting‘of,color §



y o S 120

to 1nd1cate the tler[ letter to indicate the Eow, and
'numeral to 1nd1cate the seat.A As in the parkin lot, the

»p01nt of 1ntersect10n of the three elements in the triple
'1dent1f1ed the seat. | | _

| The locatlon problems of the parklng lot and the :

“thea re were assumed to be mathematlcally equ1valent.

However‘ft appears that ‘the younger subjects experlenced

‘more success. w1th the locatlon problem of the theatre than

jw1th the parklng lot It appears that chlldren in the age

range of three to flve Wears flnd that 1nformat10n made - up

of color, letter, and numeral is ea31er to. lnterpret than' ';yﬁT
1nformat13n glven by a numerlcal code. . The three year— k
\olds were unable to make any correct responses in elther I

'.of the locatlon problems. Thelr responses fell 1nto one - S
of two ! o-solutlon categorles in the parklng lot 51tua—
;tlon. ~In the majorlty of the cases’ the task was abandoned
In the instances where the task was not abandoned, an
.attempt was made butlthe car was 1ncorrectly placed (refer
to Tables 11 and 12) In contrast the range oforesponses

' made by the three year—olds 1n the theatre 31tuat10n were

broader. There were. responses categorlzed 1n each of the

three 'no- solutlon categorles. ‘Also a correct response

&

was made when addltlonal a551stance was provrded by the

1nterv1ewer (refer to: Tables 15, 16 and 17) Compared to

',the performance on the. parklng lot where cars were randomly

placed with complete dlsregard for the 1nformatlon on. the
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ticket, two three-year-olds found seats where two of the

' three elements'stated were;correct. o .

The fourﬂyear -olds are. perhaps the ones whose -
responses are most 1nd1cat1ve to the bellef that the
locatlon tasks us1ng a coded trlple were found to be A
easier than those u31ng a number ‘pair. In the parklng
lot problem all\Qut two responses fell 1nto the categorles

- of lncorrect solutlon, and in half of those cases the. task

- was abandoned. The remalnlng‘responses‘were clas31f1ed as’
incorrectlyvplaced or parking so‘that one of thevtwo
elements was correct. Only in the cross- sect10na1 sampllng
- did two four~year olds perform the final location task
correctly‘u Perhaps the reason why correct responses were
made in thls task is because addltlonal as51stance was

. b4
'given in performlng.task 2.

In the theatre problem‘the task was abandoned‘
only in two cases, both of which occurred in the cross-
sectional sampllng. The majorx:y of. responses fell into

the ¢

gorles where the respon es had some aspect . correct.

ke the parklng lot, the task was abandoned only in

. two 1nstances~for this age group The reason for this

could be attributed to the fact that in the cross sectlonal
sampling the parklng lot problem was presented flrst How-
“ever 1n the longltudlnal samplrgg the theatre problem was "
- presented first and all.four—year—olds made an effort- to

solve the loéation tasks. As in the cross-sectional

—

\'e
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sampling the. task was abandoned for about half the four-

year- olds in the parklng lot 51tuatlon. From thlS it

',appears that the setting of ‘the' theatre had more appeal and

the subjects- found the tasks ea31er.

The responses of the five-year-olds fell 1nto a

1

W1der range on ‘the parklng lot problem than the theatre

problem The task was abandoned for several of the sub-

Jects in the parklng‘lot situation whereas all flve—year-
14

olds attempted to do the theatre location tasks The

'remalnlng responses on both problems were very similar in

-

that there were correct responses made on both location

tasks of the parklng lot and on all three location tasks

‘of the theatre. The majority of errors made-in both

31tuat10nwaereAone-element bging incorrect.
The subjects ranging in age from 3 to 5 years were
more successful in completing the location problems using

a coded trlple 1n{three dlmen51onal space than in using a

o .

numeral pair in two-dimensional space. A larger proportlon

of the subjects not only attempted the tasks involving the

122

"theatre but were more successful in giving correct responses.

~ bounded by two dimensions with the p031t10n being described’

The: chlldren were just as succeszul w1th the location

problems associated with the parking lot as with those

assoc1ated with the theatre

fhe locatlon problem in each situation was to find
the p051tlon which corresponded to the descrlptlon on a-

given ticket. The parklng lot tasks were done 'in a space

Y
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by a pair of numerals. Three dlmen51onal space was involved

N

in the theatre tasks w1th the descrlptlon of the p051t10n
- belng glven by three elements: color, letterland Jhumeral.

‘The 1nformat10n glven to the subjects in both 31tuatlons

A

followed the same sequence (see Appendix A for protocols)

The solution procedures used with each apparatus were the
N

same. The problems were solved u31ng strategles of what

re

¢ .

appeared to be countlng, matchlngy ora.comblnatloh thereof.
In both 51tuatlons as the. age of ‘the subjects

increased the number of correct responses 1ncreased. All

‘of the three-year ‘'0lds were unable to grasp the notlon of

howvto locate the de51gnated positions on both sets of

apparatus. The'youngest subjects to complete;successfully

.

the locatlon problem in both the parklng lot and the . .

e ’

theatre were the four-year- olds In the cross- sectlonal

®

and longltudlnal sampllngs Ehe eight- year—olds were the
onlyﬁsubjects to do all the tasks correctly. Thls occurred .
only with the parking lot apparatus. The few elght year—
olds who were ‘not totally successful 1n the theatre locatlon
tasks had two of the three elements of - the trlple correct.
For each of the six and- sevenlyearfold.age groups the
proportion of correct responses was'very similar for
;the parking lot and theatre situations. Thersubjeqts did
not appear to perforn better using a number pair in two-

A ‘ .

dimensional space than using a coded triple\in three- .

dimensional space.
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The children's procedures changed and became more
systematic as they got older

U

The responseS‘of the subjec§: wereLGlassified in

a hlerarchy of solutlon procedures veloped omy_the

'observatlons of the behav1ors dlspl yed”WhIle at emptlng
to solve the probl—/////xhe/levels of responses ranged
from the lowest level where the task was abandoned to the
hlghest level where a correct response was made.

J Most three and four- year olds - were unable to

J

follow 1nstructlons. For them. the task’ presented was

.ignored and they proceeded to place the objects in a llne.

L J
The four-year olds were dlstracted by the apparatus in

FaW p
that thelr responses invblved more play—like behavior.

-
The five and six-year-olds _were in a trans;tlonal

ey

stage in that these two age groups had the w1dest range of

responses Some of the subjects attempted the task but
' 4

Were 1ncorrect. Other subjects in the same age groups

gave responses that were partlally correct and a few made
responses which were gorrect. . , ™
The subjects who were ‘seven or older solved the

p£¢blems w1th con51derable ease. Very few errors were o

made by these subjects. Hav1ng better. eye and hand coordina—.
tion, many would perfOrm the-tasks with little effort. Their
actions were quick and decisive. Some would view the appa—t
ratus with their eyes and then place the object emiha31z1ng
the fact that a parking lot and theatre were ‘ignored and

only.the task of locating a position seemed important.

..,

f} Som
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The findings seem to indicate that children use more

”

| sqa?istic&tedAprocedures as they get older.

The younger subjects were more successful with .the
selection tasks than thd .location tasks in both the -
parking lot and the th&Atre problem.

IS

Kécordiné to the_pr&$ocol, the selection task was

‘not presented unless a minimum of one location task was.

completedﬁcorrectly. ,The placement made by‘the interviewer
ig his instructioné often enabled the requirement to be
met, especially in the situations\involvfné theﬁyounger
wiﬁbjects. It is*felt th;t the young subjects who could o
not do any of the locations tasks and were able td make a
correct selection, did so notlbécéuse theylwere able to
interpret the’informétioh more readily but because they
remembered the object placed by the inperviéwér and what?®
card was used in the instruct%pnal task. This was
especiall§ evidené in the parking l‘ot'pxi'oblem.g

. In- the theatre problem. the fmah' designated was
usually red A5. This ehabled an easy(geléction foi two
reasons. Firétly, there usuélly was ‘only onee;man‘ sitting

‘on the red floor and red wouia be the only element

]

- requiring consi ation. The second reason is that the

'man' sat beside thg numeral {5' and only one ticket

contained a '5.' ‘Again a correct selection could be made
o 1
by isolating only one element of the.striple.
o . g ?‘
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In lhe location problems of the theatre the use of

colored letters to indicate the tier was just ag
effective as the use of colored tickets. ™V

i In the cross-sectional sampling thé cqlor of the
tiér was indicated by the color of the symbols on the
ticket. However in the longitudinal sampling tﬁe color
of the ticket designated ﬁhe tier. The manner in which

vthe information was conveyed did not seem to have ‘an
effect on th? number of correcf'fegponses. in-the longi-
tgdinal samplingv‘there v;ere more older su%jecté whg ma'd-% :
cérrect responées. Tﬁerefore only the subjedts=ranging
in age from four to eight years were cénsidered. The
proportion of correct résponses made in both samplings

was very similar. With the use of colored tickets or
coiored letters the children's behavior was not noticeably
different. < ‘

3

The children aispﬂayed a variety of verbalizations
when attempting the problems.

Many spontaneous vgrbalizatigné were exhibited by

the subjects as they attempted the various tasks. Repeating

the question to oneself or making commenta such as

fto,xhe task were the most frequent

L

EQ?nting which pertained

types of verbalizations. The young children seemed to be

distracted by the apparatué”ahd made comments which were

.

irrelevang to the“task. The barking lot encouraged more

2

irrelevant comments thanhthe theatre. Some'of_the~youngér

subjects were interested- in the type of car they were to

/

4
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park. Others asked 1f the car should be parked frontwards
. or backwards. It seems that they impose their own rules
upon certain irrelevant aspectszof a task and this dis~ <
tracts them'fron €hél§fob1em. . .

.l CONCLUDING STATEMENTS

[
©

The flndlngs of the present study are not conc1u51ve'
but they do reveal many thlngs that young children' do as’
the; go about solving problems. ‘The data appear to '*:
support the following concluding statements but they may |
"need to be confirmed through further research.

lll Using the viligotape recotder as a data ..
gathering device is an effective means in studyingl'
children's behavior in problem—solv1ng 51tuatlons

2. The procedu$es used by the chlldren become .
more systematlc andﬂsophxstlcated as they get o;der.

3. For the{pre—school child the physical _Structure
of mathematically equ1valent problems- can make some more’
dlfflcult to solve than others.

4. For, his initial experience, a young‘qpild
should be introduced to problems involving a frame of
-reference with axes indicated by different elements such
* as letter and. numeral. '

5. Spontaneous verbalizations expressed by the
chlldrengwhlle solving problems appear to be elicited

[

mostly by chlldren while they are young and seem to be
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:more task related when they are- older : o?j e r'e
i%fo » An 1mp11catlon that can be made fiomtﬂmaobservatlon
that young ahlldren develop more. . sophlstlcated procedures

_‘1n SOlVlng problems is that clear problems with few dls— .T'“.b
tractlons need to be de31gq9d for the- very young Four— |

' year-olds appear to be. able to follow 1nstruct10ns more

readlly than three—year—olds Problems de51gned for

three -year- olds need to con81der both the -mental and
phy51ca1.capabilities,0f this age group. The verbaliza-
tions.madelby the young subjects reveal”that they'are more
distracted by some settings:thap &thers. More research
needs to be conducted into what constitutes a ‘good

problem' for the various age levels.
RECOMMENDATIONS FOR FUﬁTHER RESEARCH

The results of this study have created an awareness
that children of different ages respond to problems in
different ways. 1In the guldellnes devised by Nelson and
Klrkpatrlck (1975) it was suggested that the problem situa-
tlonsthould_lnvolve real objects or simulations of real
objects. 1In this investigatiogn it}appeared that the dolder
subjects appeared toJignore the apparatus and to concentrate
on the prgblem. After the problem was presented the grld
was surveyed and the object was placed. The younger sub—
jects were the ones who responded to the apparatus. :Further

research is required to establish the criteria to be met in
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the construction of the‘manipulative ﬂﬁterials The

»

parking lot and the theatre seemed to be well de51gned

The children were very Wllllng to park the cars or to

place the people in the'theatre Only a few of the
younger subjects were distracted by the 51tuations ‘to the

' extent that they lost focus of the problem. .

d, PN B . N .
Another area that needs further research 1s how to

use the manipulative materials most effectively The
Rresentation of . the problem will 1nfluence the way 1nv

;“whlch the}subjects will respondyin their attemptjat\a
solutiOn. In the parkﬁng lot and theatre situationS'the
subjects were given anfopportunitvvto play with the ) .
materials. , The play period was followed by activities

- which involved wofkihé/with each dimension of the apparatus
separately. Next a demonstration was given on how to use‘l
a numeral'pair or a coded triple. After these preliminaries

b4

were completed the problems ‘were presented

fhe results
Ahave indicated that the older subjects wou%d not require
" such extensive. act1V1t1es before the problems.: For the
YOunger subjects it appeared to be a.good techniqueg. When
a subject could not cope with th%%preliminary activities
“the interviewer'abandoned‘the problem. Most subjeéts were
willing‘tO‘attempt the problems. More research is required
into what should be involved in the preserntation of a prob-

lem when the child is required to move or modify objects to

express his solution.

Y
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, thtle research has been c0nducted on how young .
chlldren 1nterpret space or how they develop spatlal con—
cepts. The results of thlS lnvestlgatlon have 1nd1cated

that the ablllty to do problems in- two and three d1men51onal

’wspace has a developmental trend.v What spatlal concepts does_nd

a seven-year old possess that enable hlm to survey a grld

"Jand locate a glven p051tlon°; What skllls are lacklng 1n

la four year old whlch prevent hlm from SOIV1ng the same
problem° Further 1nvestlgatlon is necessary ‘to answer such
questlons | | '
A means should be dev1sed whlch would determlne the
spatlal concepts that a Chlld possesses Wlth the ev1dence

of the research already completed there has been a change

in the mathematlcs currlculum In the area of,feometry

..earller

e,
w‘\.v‘-

age. Euclldean concepts are stuylgdwlater | By being made
‘more aware of the manner in whlch a chlld 1nterprets space
.more effectlve learnlng 51tuatlons can be dev1sed.

| In transcrlblng the 1nformatlon from the v1deotape
1nto a workable format, tHe w1nd1ng and rew1nd1ng of tapes
was very time consumlng In the Nelson and Sawada study
the tapes were arranged in such a manner that all the
problems done by a partlcular child were recorded on one
“tape. In this study two of twelve problems were 1nvest1—
gated. Thls meant that a- llSt of children who dld the

problems involving the parklng lot and the theatre had to



5be”prepar3d} Every subject did six’ problems w1th the

order of,presentation being different in each case._fThe,

"rinformation to be coded could be found in any one. of six

poss1b1e places on: the tape. ‘The time of retrieval could

be lessened if the tapes were arranged according to the R

h,‘ b

Ay

J}:&ﬁroblem All the behaViors of the subjects dOing the Qd‘

. ) . \;1?\3 ‘

'The actions of those dOing the theatre problem could be'

recorded on another set There would be a set of tapes.

; for each particular problem. In transcribing the informa—q

’parking lot problem could be recorded on;’ one set of tapes.cdcaw

T

tion the investigator could begin at. the start of the tape

and work through to its completion With the amount of
gpnding and rewinding being minimal

) In this’ investigation it was concluded that the
VideQEape recgrder was an effective deVice in studying the

behaViors of y0qng children as they did problems In the

theatre Situation color was One. element of the triple which

was used to describe a particular pOSition. The deSign of .

the theatre enabled the investigator, while VieWing the

black and white Videotape, to interpret responses to color

f

with little difficulty.- Color is frequently involved in

theﬁproblems designed or) young children “The manipulative

’materials are most often colored It is one of the attri-

butes they frequently use in distinguishing objects in
their,enVironment. "An outcome of this observation is to .

recommend the use of colored videotape in further

.

131
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132

necessarlly lend 1tself to the lnterpretatlon of how chllf_ 

& dren respond to color.w‘Incorporatlng colored v1deotape ‘

could increase the poss1b111ty that all 1mportant behavror,‘jgv

trends are belnq observed
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APPENDIX A’
*  PROTOCOLS. - ,, ‘?
The Parking Lot:
a. For Both Samplings : ’
3 a .

The Theatre: . he

a. For thei Cross-sectional -Sampling .
b. For the Longitudinal Sampling ]
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THE. PARKINGT LOT

‘The grld is: placed on a low table ‘in front of theg
Chlld, the long axls p01nt1ng away frOm hlm Between the‘v

“.grld and the Chlld are placed twelve plastlc cars in_ -

'fégrandom fashlon.‘ The Chlld 1s told that what he sees is a-;Lgd'

| . parklng lot and that the. cars $n front of hlm are to be

{

placed-ln the park;ngiplaceS'v h“f”‘ ‘ .7',.wl

. t»He-is then7lnstructed to choose one ©of the cars
iand to. park it wherever he w1shes . The arrow show1ng

; where he is to enter is p01nted out to hlm. Once he .has
_parked the first one, he is asked to choose two more cars
‘and to park thgm, in turn, wherever he wishes. "TheSe cars

‘are then removed from the board. - _ v

A piece of *cardboard is used to cover all of the ’ ) L

gyid,except’the'first horizontal‘row. The ch11§ is glven
+
a card w1th the numeral 3 written on rt and told that 1t

vls a Sllp wthh tells h1m 1n whlch place to park a car.

/\
He" is. asked‘then tb choose a car and park 1t 1n the correct
N .7
space. If necessary,‘he is ass1sted in parklng the flrst
, e

’

g
?grvenwanother card - w1th the numeral 5

‘wrrgten on - 15 %ﬁd asked to park a car of ‘his ch01ce., This '

car. . He 1spthe

.ﬁ') 7 =

Lproceduregls repeated once more, using a card marked with

the numeral 2. .




T I N SO _"‘-“ e jm*‘ 1&4
G e L e e e e
Jﬁf adjusted untll the row of parklng spaces are’ covered.onzhelﬂf'
y - s
' Chlld 1s glven a card w1th the numeral 7 on it, asked to

choose a car, and to pafk 1t on the correct space. He lS oA
helped w1th the flrst car 1f necessary. He lS glven two"””‘”
more cards, one w1th 4 on 1t, the other w1th lO on 1t, and

\

a asked to park two cars‘ln the correct spaces., No help 1s lrg‘fﬁVd

cars correctly (up toxthlskpéint),vw1ll not proceed further b' ‘~1f%fi
w1th the problem.; For those who park at least one car

: ‘ correctly, the cardboard cover is now removed from the grld.

| ' The Chlld 1s then shown a card w1th the number palr

4 3 wrltten on’ 1t., He 1s told that the flrst numeral tells .

mhow far he goes 1n the dlrectlon of the arrow. (Thls is

-

made as clear as poss1ble by gestures,and/or addltlonal

e dlrectlons ) He 1s told that the second numeral tells

how many spaces he moves up."mhese, and any addltlonal

dlrectlons, are- accompanled by gestures As51stance 1s K

glven lﬁ necessary ‘in parklng the flrst car He 1s glven hp'

s e

another card w1th the palr 2 5 wrltten on 1t and asked to
choose a car and park lt. Flnally, he 1s glven a card w1th
the palr 8,6 wrltten on 1t and asked to choose another car

and ‘park it. No help is glven w1th the last two cars. h, ;r

Y

The three cards he used to park the 1ast three cars
R
are. placed in front of hlm.» One of‘fﬁe cars is p01nted out

and he is asked to find the card that tells where that car
—
is parked. -,

£
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‘or.._ :

'w( CROSS SECTIONAL SAMPLING

: The Theatre Grld 1s placed on a low table 1n front ,wfiitf

“fh¢ﬁof the Chlld On the table,,between the grld and the chlld,,,‘t'“b

bfffare placed ten objects representlng people to be seated

; fﬂln the theatre7ff7

T’Vﬁ;t;?“3bltf The three colored levels of the theatre are p01nted

‘ out as are the letters and numerals whlch de51qnate the
" rows and seats of the grld >

ﬁ The Chlld 1s asked to choose one of the people and

hto place h1m in. any seat he W1shes Once he has done thlS,

“he 1s asked to choose anotyer person and to place hlm ln a'
'fseat on: the blue level.t,@;e;chlld 1s then shown a card
vw1th an. A on 1t and asked to choose a person and place hlm
fln any seat 1n the row m;;ked the same . wayﬁas the card
'Flnally, he 1s shown a card w1th a 2 on 1t and asked to ﬁg;
“nplace a person in a" seat marked the same as the card o
;huA551stance ls glven w1th any or all of the moves above.dkk
,*All the ObJeCtS representlng persons are left on’ the grldn

The=ch11d 1s then shown a card w1th the symbols B 8

",wrltten 1n yellow.; He 1s asked to choose a person and told

" :tfthe card 1nd1cates that person s seat in. the theatre. o

”'He 1s remlnded that'the color of the marks on the card

.>lndl¢ates what floor the seat is on,vthe letter shows ‘what

~

,:row the seat 1s 1n and the numeral shows whlch seat in the
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" row. The Chlld 1s a551sted 1n seatlng the person

L. ,'
~

(

Then the Chlld is glven a card thh A 5 on. 1t 1n

hTfred- asked to choose a. person, and to seat hlm 1n that ‘d

'gseat. No a351stance 1s glven but“when the Chlld seats
jthe person to hlS satlsfactlon, he lS glven a second card
.“and asked to choose another person ’ The card has B 8

:”wrltten on lt 1n blue.e Once that one 1s seated,;a thlrd ’p«v

’”rcard 1s presented w1th E 4 on 1t 1n yellow.L Agaln the

'chlld 1s to choose a person and place h1m in, the correct

;fseat o ALl objects are left on the grld.

The cards for the last three persons are placed

~in front of the ch11d and one of the last three persons
seated p01nted to at random The Chlld is asked to

4 1nd1cate Wthh card belongs to that person. However, 1f

the flrst person seated ds the only one seated correctly

that person must be selected as the one whose card the o

.Chlld 1s asked to flnd

A



LN

LONGITUDINAL $AMPLING

‘THE'THEATRE' |

The Theatre Gr1d is, placed on. a low table 1n front
are placed ten objects representlng people to be seated -

ln the theatre,\ﬁfb*hﬁfj‘f fffs”

'a

147 -

'.vof the chlld. On the table between the grld and the chlld,.J‘hV

ﬁgy The three colored levels of the theatre are p01nted

out as are the letters and numerals whlch de51gnate the

M.', T

rows and seats of the grld. 15}

SN The Chlld 1s asked to choose one of the people and
T

to place hlm in any seat he w1shes. Once he has done thls,

he 1s asked to choose another person and to place h1m 1n a f3>~”

:iseat on. the blue level The Chlld 1s then shown a card

w1th an A on . lt and asked to choose a. person and place hlm T

1n any seat 1n the row marked the same way as the card.yﬁr

-~ : w

Flnally, he 1s shown a card w1th a 2 on lt and asked to

A531stance 1s glven w1th any or all of the moves above.-‘v

All the objects representlng persons are Left on the grld ];'
. B _

The Chlld 1s then shown a yellow card w1th the ¥

and told that the card 1ndlcates'“

theatre.,_He is remlnded that the or of the card 1nd1-~

o place a person 1n a seat marked the same as the card.-"“

'symbols B 8 wrltten on 1t.d He 1s asked to choose a personnf

’:fperson ‘S seat 1n the_[

cates what floor the seat 1s on, the letter shows what row.jf

the seatrls 1n and the numeral shows whlch seat 1n the row. '



2.
&

s - ~
: N S
The Chlld is a551sted in. seatlnq the person correctly

Then the Chlld 1s glven a red card w1th A-5 on it,

‘5asked to- choose a person, and to seat hlm in that seat.

l_1No a551stance is glven but when the Chlld seats the person :

'to hlS satlsfactlon, he 1s glven a second~card and asked
7to choose another person ‘ The card is blue and has B- 8

~wr1tten on 1t.‘ Once that -one 1s seated, ‘a. thlrd card

‘Wthh 1s yellow is presented w1th E 4 on, 1t. Agaln the
[:chlld 1s to choose.a person and place hlmen\the correct
‘seat. All objects are left on the grld {K?

- ‘:.The cards for the last three persons are placed 1n
"front of the chlld and one of the 1ast three persons seated.

'p01nted to at ra.dom : The Chlld is asked to 1ndlcate whlch

'}card belongs to that pe son.f However, 1f the flrst person'
P S C

seated 1s the only ole seaﬁed correctly that person must
: X . " ',‘3 f"-‘“' -.‘
.‘be selected -as the one whose card tha Chlld 1s asked to

.?~'

'flnd.“_ i T L_,\f{llpwp'
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CODE USED FOR RECORDING DATA

' APPENDIX B

Q)

1,‘49
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FROM VIDEOTAPE

3

3

w
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a
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4
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13
CODE FOR RECORDING DATA

’.

’Demonstfation: a verbal explanation accompanied'by gestures )

such as tra01ng over rows, or matchlng numerals and - : o
. . Y

.‘lSpaces.

-~

i i N
PhYslcally mov1ng object down the row,,then 1nto
the column ‘ , ,

‘Indlcatlng how:the
path with a finger.

points to. numeral (lette ) on tlcket, }
etter (numeral) on apparatu . , o

erv1ewer p01nts to . numeral (let er, color) on
x1s -and matches with correspond' g space.n

“ the 1nterv1ewer
one axis, the right

/

With 2 or 3 'menSLOn tickets, the 1nterv1ewer ‘ "“,
- matches asg 1n DEM 5l » then moves hands together
- to. the pgint of : lntersectlon./

With 2 or 3 dlmen51on tlcke
" matches with left hand
- hand on the other.

'
/

—
-,/
. space that has the same number as the card

' Wnumber'tellsyou to- go thlS way and the
number tells how far to go that way Y

'.”. . -the color tells you the floor (balcony),
letter—the row,: and the number——the seat." "



S K3

1. Cars set at startlng point’ (4) b{\lnterv1ewer o
2. Car (man) handed to. subject \\C\;u
3;"Other.car(man)placement: L fff\\

4. Cards givem®to the subject . \‘\ '_
5. Cards placed on board: -~ - . - - - . o

SE - by ihterviewer ' SS«- by subject
- - N

6. eCards placed on board opp051te correspondlng
- numeral - (letter) ‘ n

-6p — by 1nterV1ewer_ 6S - by subject

7. Other:’

‘Affer parking car: .

8. Carde,handed backfto;examiner‘

8a. Cards held cy surject |

'9.d.Carda‘placed on?board 6ppcsite nuﬁerai (letter)
10; Cards piledbcn'board |

E S
11 Other card placement.

10, - by 1nterv1ewer 10, - by subject .




Pause ™

. '
Interviewer

-

-

Subject's

Vocalizations .

- P

PL

.

S o

Ps(cd++r. akisf

¥

S (cd<+c. axis)

_§~'4

152

/( R 'l,

pauSeulooking at a pecific place
.- 4

pause searching -

e movement over
apparatus . C -

) v
- pause searching - card -

to row axis and vs.
-4

- pause searching - card
to column axis and vs.

poses QUestion 6
poseS'%?égtidn.with,a geéture
prOmpts;y~

praise

‘commenflpertainihg to;taskI ;

’ '
irrelevant comment

subject asks for CLARIFICATION or
" REPETITION of question

subject repeats question to self -
. - s/ .
\

expression involving- task or material

<

car noises, grunts, groans,’'giggles,

- sighs, . . .

_nods "yes"

irrelebant comments (not pertaining to,p
problem) ‘

@

vverbai yes

Iyl

'shakes head "no"

verbal no.
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) » )
Subject's : ' K . -
Hands - B - both hands : Subscripts
R - right hand - . 'pt - pointing’
: - m - moving . ‘
. L » left hagpd . et —‘touchiﬁg ‘ a b
< - J ~s - sliding « ‘ !
o I++R - shift from left -~ | : N !
3 to right ‘
7 o N -
o . + - removed object frqp- ‘
j . .. space .
. . - turns car around (rotates) - \
- ~---- moving (lifting) object to location
' --.-- lifting, pausing in process °
——+— sliding car (object) wiﬁﬂfslight pauses
R Color code - Parking lot: ‘'blue - téskcone
B green - task two : ‘ R
. - : red - task three. .
Number ©ode - Theatre: (:) taskxone-
IR .- "task two
_ (:) task thrée-
v .
(:) task four
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. ' “y APPENDIX C

SAMPLE OF RECORD SHEETS

rd
1. Parking Lot . .
- .]\; [ .
2. heatre .
- k4
! 4 4.
[< (}Y 9
. 2 3 ’:
: ‘%ﬁ ‘
¢ =
Zﬁ‘
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h) >
A g 1
e /
iy .. A
. i '
Y) <
. .
1
C
. N .
,) N
.
4
? 5
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"APPENDIX D

ALLOCATION OF PROBLEM SETS TO SUBJECTS . -

FOR EACH AGE GROUP
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']QALLOCATION OR' PROBLEM SETS T SUBJECTS

FOR EACH AGE GROUP'nggV“

 § CROSS SECTIONAL SAMPLING

:." " “15:9

:‘;Eroblems‘?i

a4 ey
S e,
Sas e e ey

 fk§f6?iéﬁ?Sé?ff'¢'fi¥f

.

C1r o

Ne)
~J

S SR -

e 7

:12‘_"{5

c10 4

;2izfid

12 6.

g 10

ol
. iyt
a4l

. 5
\ ‘:-’:6_"

pe

jCargo groups e
QAnlmal gnoups,z-?-
‘'Parking lot . B
Theatre. grld

‘Liflear sequence

Carcular sequen

-‘yi? .:o

*‘9.

ce‘

7~ *Prohlems 1n thlS study

RN

10.
110
12

Object reflectlon;ﬂ~

-error reflection

Factor platform =
Factor board .
Fold-up. shapes
PrOJected shapes
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ALLOCATION OF. PROBLEM SETS 70 SUBJECTS ‘ »
FOR EACH AGE~ GROUP-N,]jt‘, At
S_JLONGITUDINAL SAMPLING SR

s 7 E o S

o ProblemiSet’ . il Pr’obl,e’m‘ss el

6 1002 41203 Al o

s 12 8 & ‘2. 11 s
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;il R, e ;6 ; 4 ip; :y83A;.3'fg.7l1

2 126 s o4 s 3
o ez 1047 e

1. cargo groups . . -T. Object reflectlon S e e

. ~ 2. Animal groups - = 8. Mirror reflection' - . = R

’ - *3. Parking lot .. .9, Factor: platform ‘ - RN
o *4. Theatre grid  * =~ 10. Factor board - = . - -

- 5. Linear sequence 11=-Fold—up shapes o :
6. Circular sequence . 12. Progected shapes,'i-"

'*Probléms&in fhis;study
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X .Tabie E-2
'L‘fixbistributidn of Solutions fdr:Subjects,who Attempted |
“ ‘ the Four Tasks in the Longitudinal Sampling S
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