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The work of Plagetron»tge -origin of the concept of

8

chence in chlldren provlded nuch of the impetue for studying Ce

M E ~:_‘
o

the develop-eﬁt of probabillstlc thlnklng

I\
In recent’ yeara there ‘has been an 1ncreeeed effort to

lnclude the study of probability in the elenentary

nathenatlca currlculum. Researchers, waever, do not agree
upon the age at whlch children develop ee}Underetandlng of
probablllty. Thls etudy xa a partial rkpllcation of an

e

:experlnent which lnveetlgated the level of probablllstlc . "_ .
underetending of elenentary schoq} cglldren.
A totel of 48 children, fron Klndergerten to. Grade 7
in a Delta public echool participated in the study.
Individual eeeeione_of agéroxlnntely’30 nlnuteg,-;nvelvgng
36 tasks, wer? conducted independentlygrith eaqﬁ‘eebject.

For each task, thé subject was presented with a pair of

eplnners with specific probabilities. The spinnere uere

1)

circles of varying radii which. uere dlvlded into aectore of .

eque1 central angles. The area of the spinner was

2
e ]

proportional to the number of ;te se{%bre; -The sectors were

r | - 114
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"'level The percent of. correct responses wlthln each qrade

-
s hegt L
o A
B A
¥

}WNezbally the reason for thelr selections.

coloured blue or yellow. The children were esked,to'chooser
the splnner which was more likely to produde the peyo££<

cdlour (blue) The choice of the subject and the outcome of

o . '

.the task were recorded by the experimenter. ‘For certein

preselected tesks, the students were asked to expleln

-The percent of correct scores increased with qrade

a -" - T o

'y . -
B

h:tleyel decreased with the level of dlﬁflculty of the task. ' .

.Five speclflc streteqles were used by the subjects. _ =

2N 7 ' @

1) rellance upon thg pey-off cobour (blue), 2) rellance upon
the non peyoff colour (yellow), 3) the physlcal setup of the-
splnner board and the polnter, 4) the physlcal size or eree .
of the splnner,aand\S) a comparison between the pey-pff.s? :\u
colour and the nonpay-off colour.’ | -

The study indicates that most children in elementary

7 school do not have a verbal understanding of probablllty

'concepts even thoggh the mean percent of correct responses

for each grede‘level was above chance level. The‘cholce.of : -

'splnner was usually based upon features other than

N i \') . .
_proportion. The most -common strategy was to choose the

\

splnner wlth the greatest number of payoff elements. : _Q
"Two oE the 48 subjects demonstrated an understendlnc‘of
probablllty concepts. . ‘ ;;
' *; ~s
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. ~_ Chapter 1 |
. o - , INTRODUCTION

. In the elementary SChool,mathematics curriculum; the
topic of probability has historically served as a possible
exten51on to core areas such as problem solving, fractions,
and ratios. Often paired with the study of statistics, the
exploration of probability theory has been left;to |
interested university studen%s/\ This has produced a

r,significant void in the general mathematics education of

" those students whg do not continue their formal education
after high school graduation (Reys, 1978).

Recently, there has been some movement by curriculum
developers to includé‘probability as a distinct area of
study in the elementary school curriculum. At present th
,mathematics curriculum in British Columbia is undergoing a
major revision.. The curriculum is in the draft stage and
the Data Analysis Strand consists of an outline of topics
and intended learning outcomes in.probability and statistics

for grades 1 through 7. Furthermore, thetbecember 1984

information circular distributed by the Ministry of
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Eaucation'slatpd "PrdbaSility and Statiétics wilifbe
essential parts of the mathematics cﬁrriculum at all
1ev;13." This interest in developing‘probgbility‘a§ an area
of study is reflééted in recent editions,of mathematics
textbooks in which specific sebtiohs, and often éhtire
!chapters,-are devoted to the study of probability.
élthough the decision to iﬁgroduce the concept of
’probability into elementary schools has been @ade, little
jreéearchrhgs been completéd which might.guide itsJ
introduction into the curriculum. Lt is this paucity pf
,relgvant information thag has prompted Ehe(fresent A

}nvestiéation.

The Definition of Probability

LY

‘Probability is a "mathematical theory of processes

' involving‘uncertainty" (Bullock‘&ygtallybraés,'1982,

p. 497).° Thé probabjlity of an event can bg ekpnessed
mathematically as a proportion which represents the
likelihood, or cﬁance,fof the occurrence of a spgcific
event. ?xobability, the;efore, can be viewed as ﬁhe
combination of two concepfs, ;héhce_and/pfbportion. ;t is
1nport£;t to be aware of these elemgnts for it is possible
for a personwto have an understanding of one or the other;
but fail to understand the complex.whole,

To illustrate; it is pdssiblq to have an understanding,



of the chance of the Eccqt;;;;;zbf an event while being
unable to express it as a proportion., When a die is thrown
into the air there is an equal‘chance that any number on the
die will»comebup. Host children will tell you that'there is
| a possibility for the number t}ey hav, "chosen to come up,
but they may not be able t ~articu1ate the proportion.
Similarly, it is conceivable for a person to recoqnize/and
state” a simple traction, shch as one}third of the circle is
reh,,but be unable to apply this as an expression of the

\‘
\

chance of an event occurring. The child may not underst

,/‘\\ \
that there is a one chance out of three that the podnter, or j
~
indicator, will land on red. This means that if chfldren 7/
’\/ /
are aware of the element of chance without undéretandinqﬁahd
\__’_,./

applying proportion, they do not have an understanding of"
probability./ Moreover, if a child can fiqure oot the
proportion of elementa but is unable‘to apply this as an
expression of the chance of ‘a specific event occurring;~that

child does not understand probability.

The Relgvagce of Probabjljty in the Currjiculum

There are three importfﬂt reasons for including the
topic of probability in the mathematica}gurriculum. First,
probability is a term which is often used in daily life and
therefore should be defined and explained to students so
they have some understanding of the concept and ite

application. The weather forecaster may indicate the

n
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probability of precipitation for the next twenty-four hours
. ~

is 75 percent, or the chancé of wihhlng a lottery is one in
a million. . Second, some research has shown that the ability
to solve probability problema lncreases only marginally

through the levels ofzghe education'syatem; while also

suggesting that probability concepts are/unllkely tb'develop

incidently or through maturation (Reys, 1978). If we aécept)w

“these findings, and we want atudentixfo become familiar with-

the cbncept of probablllty, the mathematics currjculum
shouldfbe’revised to include the oppoftunltf'for students\to
‘develop prob&bllistfc understanding. Thlrd, Probability '
exercisgs force students to qxém}ﬁé th; optloﬁ; within a
problem, the liiely and the unlikely. The notion of a

. single correct answer to a mathematics question‘is altered
and a discussion ofrposglble outcomes is encouraged.
darefully)prepargd iegsons preseﬁt the opportunity for
stud;nts'to systematically probekposslbie solutions to a

problem. . o .

The Problem
The developm;;t of the idea of chance and pr&bability
in children was 1n1t;ally investigated by Piaget. and '
Inhelder (1951/1975). They concluded that children mﬁst
progress through a-serlea of stages-—fitﬁt déveloping a
recognition and understanding bf the reversibility of

operations and then the éoncept of chance. S8Studies

g Tk
S AN Army
EARA
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. involving combarisonsfof‘ﬁethod (Y?st, Séigel & Andrewe;
1962), the use of reinforce rntzccbldberg, 1966), the L
relative significance of verbal and non-verbal techniques
(Carlson, 1970), and children 8. uhder\tanding of probability
— (Davies, 1965; Hoemann & Ross, 1971) have stemmed directly
,': from the work of Piaget and Inhelder (1951/1975)' Other
~\:, researchers (Fischbg&n, Pampu, & Manzat, 1970, Perner,
; 1979a, 1979b) have investigeted alternetive models of the A
development of‘chance and probability concepts in children.
Researchers in the area of)children's probabilietic
thinking have reached difﬁering conclusions as to'the age at
which probebilistic thinking is in evidence. Piaget and\
Inhelder (1951/1975), and Fischbein et al. (1970) concluded
that' formal probabilistic thinking is not in evidence until
the child is nine or ten years old, and even then Fischbein
. contended they must have a period of instruction to
understand the concept. Other researchers (Davies, 1965;
Goldberg, 1966; Yost et al., 1962) found that children as
young es‘four Years old‘ﬁere capable of forminé eystematic
probabilistic judgments.
Various reasons hﬁfe been offered to explain the
discrepancy.between these results (ﬂoenann & Ross, 1971).

One of the explanations for'the difference between these ¢

‘ findings is the magnitude estimation hypothesis. This S
hypothesis states that children can select the task with the

better probability of occurring, not by calculating the

f : e

T

5, ;
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proportion of elements, but by iooklnq'at the relative

phyelcal area or the absolute number of elements. ln the ~

1

epeclflc task.‘ Thls explanetlon is partlcularly valld in

.exper iments where the

subject 1s glven a cho;ce between two

- tasks, and the total number of elements (denomlnetor) or the

number of the pay—off

—
elements (numerator) ln”eech task are-

equal. The subject has only to select the task wﬁrh the

greateet humber, or magnitude, to aleo, unwittingly, choose

?

the task with the greatest probability.

Recently, Falk, Falk, and Levin (1980) devised a

#

sophleticated experimental procedure which addressed the

factor of magnitode estimation, end they‘appear to heve‘

reeolved theklesue of

concepts. They found

the development of probability

that the children have the

potential for disc;lmlhetlng betweeh probabggitles

around the ege‘of six. \The preeent research is a partial

tepllcetlon of one of

al. (1980) in which a

investigate the level

" understanding.

1

The experimental
declslon—laklnq tasks

declelon—-aklng task,

the probability experiments of Falk et
series of paired spinners were used to

of students' probabilistic

Pl

]

design required choioes similar to the
. B Y : o

of Yost et al. (1962). In a

the subject is offered a choice of two

"items, and is asked to choose the iten whlch fulfllle

specific crlteria pzevlouslx,outllned by the experimenter.

For this experiment the subject wee presented with a choice
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ofvfws spinners, and was asked'QO decide whlcﬁ.splnnez éb
Ew;rl to brovlde the best chance oE achieving the pay-off
colour. For-the phrpose‘of thls experiment, a spinA;zﬁls a
circle of a specific }adiqs thch has been proportionally
segmented and coioured to rep?esent.a cettaigiszbabiltty.
Pivoted at the centte,.and unattached to éach splnner; is an
‘indicatoz*which can!be twirled to land, witﬁout bias, on a
‘segment of ;he Clrcle. o |
. eurnose
- The purpose of this study was to analyze\fﬁé f
development of‘prob;bilistlc undnrstandlng at Qa;lous agé
levels in elemenfary school ih order~to: 1) deternine'a‘lb
general age range at which chil@ren havé deveioped aﬁ.
undgrstanding of the concept ogiprobab{iity; 2) identify and
'discuss any recurring strategies which the sub{ectsfng‘ﬁo
help solve probability p;obiema;.3) sugg;st an age level at
which probability concepts and activities could be
introduced in tﬁe-mathanatf?g/eurriculun.
Descr f
In the first chapter, a definition of pzos;bllity is

provided and the relevance of prdbabllify in the curriculum
is outlined. 1In addition, thetbackground to the problem is
discussed andrthe purpose of the 3tudy identified.

In Chapter 2, the literature is reviewed. 'The work of

&

Al
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Piaget and Inhelder is out;ined} other studies based upon °

Piéget'svreaeatch are discussed, and alternativé'hypotheses

are présqnted. o “‘ . ] o :
' The rquagdh methodology is outlined in apter 3. The

subjects,3the #ppazatus, and the research design are

descfibed,'and‘the data collection procedure is discussed.
In Chapter 4, the»resultﬁ of the experinent are

tabulated. Grade ievei;xgsults’and individual results are

~ .ot

described. BN
The results of thg atﬁdy are discussed in Chapter 5.
. : v
Methodological implications are outlined,m?nd topics for

further research are suggested.

e



Chapter 2

 REVIEW OF THE LITERATURE

The work .‘Pl band Inhelder will be discussed at
the outset o thls chapteg because thelr research on the
deve%opmsnt étxthe notion/of ‘chance in ChlldreQJHDB the
flrst‘to be published and conssquently pro-ptsd additional
studqps lnrthe fleld.,-Followlng this, other 1nvestigatlons
related to drobablltstlc thinking in Chfldrsn’will be
discussed. | -

.8 'd the Dave. ‘ t ren'
- Concept of Chance '
Plaget and Inhelder . (1951/1975) were . the first to
attempt an'explanatlon of the development of the idea of :
chance in cﬂildrsn. thelr gtudies of the development of .
chlldrén’s thought led fhen to believe thst the notion of
chance is not innate, but comes from a search for order and
its causes. They held thatf ldren progress thtough a
series of stages in which they dqvelop'a recognition and
understanding of opsrations. Thd sfags‘ds?sloplsnt o — | o

hypothesls means they gradually understand and accept that
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some operations obey set laws and always foilow a pattefn,‘

whiie others do not. Piaget and Inhelder explain that,

A

Logical and arithmetical operations constitute
systems of actions interrelated in igorous way .
and always reversible, this reversi -aspect
rendering deduction possible. Transformations
g occurring by chance, on the contrary, are not

interrelated in a rigorous way and the most

- probable systems that they form are essentially
irreversible. While logical and arithmetical

, operations lead to and end in the construction of
groupings or groups fortuitous transformation
remain nonreducible to this type of structure.
Finally, induction lies between operative
deduction and nondeducible fortuitous
transformations: induction comprising those steps
by which one sifts through experimentation
separating what is fortuitous fPem what is
deducible, while at the same time ptepating for

» deduction itself (p. 212).

i

In Piaget and fnheideg'; Hypothesis, the pteopetatiohal
stége, prior td aboﬁt age six, is characterized by a failute
to diffetentiate batween the possible and the neceﬁsaty,
between chance and nonchance. The child has no wull—defined
concept of cause and effect, nothing;is*cettain or
ﬁncerta;n, and_;he;efoze there is no undersgandinq of what
constitqtes chaﬁcd. | »

In the concrete opefations stage, from age 6 to about
age 12, the child recognizes the element of chance.

Children dispqut there are areas of knowledge which are
certain. 'There\are.ghinqs they can know, but‘ﬁhe:e are also
other areas which are uncettain,'gherg they must gu;ss.

They can complete simple probability tasks, but are upable

’

B 3
e



-

| to perforn tasks requiring co;ETﬁatoric operations and . N
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They do not have the conceptual strategies for - ./<)/

A
A

defining a11 possible outcoles of an event They need to' .\\

see or handle objects to define their actual relationahip.

In the final stageg»beginning at about age 12, there is=s

a synthesis of chance and deductivé’operations. ‘Children

) can "tie" together concréte operotions and at th;tsane time

hypothesize what the outcome might be. Children develop a -

\ system for finding combinations, and the Laws of Large

Numbers provide a basis for making predictions. :This means

"they begin to see a relationship developing after many

trials have been completed.

Through these stages there is a graduoi recognition of

' ¢ ’ )
the reversibility of operations. Since Piaget and Inhelder

claimed the discovery of chance comes after an underatanding

of reversible operations, it is only after children havo the

nental organization to recognize operationa that are . ]

reversible that they will be‘'able to identify those that are

not reversible and therefore fortuitous.
) .

Piaget and Inhelder's work was divided into three

parts; chance in physical reolity, randoanrawings and

combinatoric oberationa.

In the first part, they studied the notion of random

- mixture and irreversibility. For the first experiment, they

used a rectangular box which rested on a pivot, enabling it

to be tilted like a soeaaw. Eight white balls and eight red

v
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balig wo?o lined up at one en& of the box and vetgggepatated
1nto cblour groups by a divider. .The nghwasyslowly flpped'
back ind iorth so the balls were gradually mixed. The \?\\;if
subﬂects' reaction to the nlxing‘of the elements were , o
\:Qcé;dcd‘ Ran§on”l1x1ng,6£ eie-antg lgads‘to the'study of
distributional form, since the £inal positions of the

elements in mix tepresent ?,dlsttlbution; The diSttibﬁtiéns
which Piaget and Inhelder studied were centered:

,digtrlbuthns (ie. the normal cutVe), and uniform
distributionz.‘ Piaget and Inhelder used'thg distribution of
sand grains as an example. A centered distribution was : L
_foznqg when the graihs of sand poured ouf of a snail hole in h

a funnel, and a unlgd;n digttlbutlop,ls teptepented when the
grains of sand.areAapxead'oﬁer a flat suiface.

Following tﬁls,;Plaget and Inhe{dér'investid&ted‘the
child's ability to dissociafe what cin be due to chance and
what ig due to non-fortuitous elements. "In reality it is
precisely thl# combination of what today is commonly called
unceztain';h& what is not u;certain (or only weakly so)
which most frequently gives rise to the intervention of the
lntultlon of probabilities, both in the laboratory and in '
life" (p. 57). ‘ | | |

In the second part of théir work they investigated
random drawings. They axaiined children's notion of chance
and nizaéle in the gaie of heads and tails, and in dr;wlng

LY

pairs of marbles from a jar. They ifsn\gtudied the
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quantification of probabilities jn random drawings.
a

Finally, they analyzed the develépnent‘of operations of
combination, petnutatlon, and qrranqoiant, and concluded
with their hypothéals'6£ three stages in the development of

the idea of chance.
‘ - \
Piaget and Inhelder's experiments were presented to the

-

children as a game. In their experiments they used the
cllnftal‘iethod, in which an expeflnentqr ﬁorkqg with each
chlid’?ﬁﬁiﬁldually, aaklngron—golhg questions gbout the
activity. .The questions and the child's resppnaéﬁ wnré

recorded verbatim. For example, in an experiment using a

»

single spinnef and édls—aectoréd clrcle (equal proportions)
with 8 colours (colours of opposite sections are ldentical)

the following exchange occurred: - 1

¥

e

"Do we know where the bar will stop?" "On the
red." "Is that certain or not?"™ ®Certain.”

(We do the experiment: green.) "Where now?"

"On the yellow." "Why?" "Because that's a
wonderful yellow.” (Experiment: blue.). "Oh,
no, on the blue.” "Where now?" "Red." . '
(Experiment: red.) "And next?" "Again red."
"Why? . . . ."™ The same kind of answers, without
motives. We put the magnets in.place: "The bar
got tired." (Piaget & Inhelder, 1951/1975, p.62)

All responses were claaaifiéd at the end of the
experiment. The child in the above example would be placed
in the first stage of developmsnt, or pteopatationai stage,

as the subject does not use logical considerations and is

predicting solely on the basis of personal feeling for a

‘1.



colour.

Decisjon-making Tasks

The work of Piaget and Inhelder prompted a number of
sfudies in the field of probabilistic thinking in children.
Yost, Siegel, and Andrews'(1962) maintained fhat P;nget's
techniques underestimated the abil};y of young cnildren.
They cited five factors that they believed might account for‘
Plaget and Inhelder's negative results: 1) Piagpt and //{
Inhelder relied heavily on. verbal skills; the chilqd had to-

understand terns such as "most likely v predict", and

" ."expect®; they had to demonstrate their understanding of the

contept by verbalization; 2)hthere was no control for
subjects' colour preference; 3ilthe memory alds (small
tokens which represented the pafofi colour) proved to be a
distracting influence as they were not randdnizﬁd?‘4) there
were no tangible rewards or ponitive verbal reinforcement
given for correct zespon?es to provide‘notivation; and,’5)
no provision was made for statisticdl treatment of results,
as the concludions were based upon.individuql responses
rwhich could not be‘conpared; rather fnan response
_frequenqies for repeated conpazab;e e;ents.

Yost eﬁral. (1962) aétenpted to tnke these factors into
consideration by designing a two-chnicd decision-making task
in which the child could make non-verbal responses, the

influence of colour preference was controlled, the memory

/
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alds were racdonizbd, and the Chilé would rcccrve aireward
for a correctkresponse. They comparea their dcc;sidnfnnking
task with a one choice Piagetian stylc taarf fThcy “
hypothesized that chil@rencexhlbir a grearer'underarandlng
of proﬁability under the'decision-ldk;ng coﬁaltion Eign »
unﬂer the Piaget-sryled condition. Two groups of 10

' subjects, ranglng in age fron'd years 10 moﬁtha to 5‘ycars 8
monfhs; were individually presented with 2§.tr1als of bgthJ
tasks;' All sﬁbjectc cerférnad at or‘above'chance level at
both tasks; however, no group's mcan score.represented
consistent use cf probability conCepts in'theiz‘recponses.
Yost et al. (1962) claimed that the introduction of
reinforcement into the experinent, as well as atatistical
controls gavc validity to ‘their conclusion that A—year-o;d

children do have some understanding of probability.

- ect of Reinforceme: | o .
' Goldberg (1966) investigated the effect of -

reinforcement on the performance of subjects inlpiaget's
: ' N
single task model and Yost et al.'s two task declsibn-.hking

model. In both cases, the knowledge of whether their

P

decision was correct or incorrect was the only reinforcement
for the subjects. '

Goldberg (1966) found the subjects in the .

\

decision-making model made more correct responses than those

-t

| in the Piagetian model. This meant that under conditions of
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egual relnforce-enf the subjects performed better in the
‘declelon—naking model. ‘Searcning for an alternative |
Jexplenatlon for the euperlor performance of~eubjects in the
decielon-naking task, Goldberg found colour preference, or
confuaion of colour preference and colour expectatlon can

' etrongly 1nfluence the outcowe of(the experiment.  The
absence of a control for colour preference in the Plagetian
model was cited as a posslble‘explanatlon for the poor

per formance of the subiecte onAthese probability tasks,
ﬁowever, Hoemann and Ross (1971) inferred from Goldberg's
results, if preachool cnlldren can be swayed by colour

| preference then the strength of their gresp of probability

concepts is gueetlonable.

erpal n bal Technigues
Davies (1965) supported Piaget's interpretation of the
acquleition of probabilify concepts asia‘developnental
progression. However, in eupport of.Yost et al. ,(1962), she
founﬂ that children do have an underetanding of probability
~concepts at an early age, but they cannot verballre them.
, : / -~
In a stud}\of 112 subjects ranging from age 3 to 9 years,/’ f/f B
tne mean age for acquis}tlon of verbal ability to descri
probablllty was 7 years 4 months, but 100% of the subjects
did not pass the verbal tast until 9 years of age.
Carlson (1970) compared Piaget's (1951/1975) verbal

technigque and Yost et al.'s (l962)>nonyerbal technigue. He
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fodhd that'vetbal and*nonQQibal tetﬂhiqués;aqdéss'ditforehtr

' éspects oé devhlépnqnt aﬁq cénsequéntly should not'se

. —compared. In;contxast to_DavieQ (19@5), the §engta1 age
- brackets sugge;téd'by biaget for the development of
fptbbépilist!c thinkihg were ihpported. In addition, Carlson
'(1970)1suggested'that‘thevp:ocedgpg used by Yost et al..

1 (1962) may not adequately’aase;s{;féhgld's concept of
pzobability. He suggested thatgcazzect~teaponses appeazed;
to be dgpen@ent upon Qn understahding of simple empirical
frequ?ncies zathef than an opézative»systen that alloﬁa
prediction ogﬂd{stribﬁ*ional form.

, < g |

Falk, Faik; and Levin (1980) claimed that the results
of Yost et al. (1962), Goldberg (1966),_and Davies (1965)
contradicted thoseroﬁ Piaget end;lnhglde: (1951/1975f
because of differences in the mathematical features of the
problems that were presgntgd.‘ After analyzing thé problems
used in the\studies, Falk et al. found that some
investigators included ce}taiﬁ elements in tﬁeir tasks that
othersiov@tlooked. For example, Yost et al. (1962) and

Davies (1965) compared only c@npleientary probabilities

(e.@. 1/4 with 3/4, 1/3 with 2/3). These always included

.

the same number of ele 0d therefore the correct
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that, whlle the studies of Yost et al., Davles, and Goldberg
have in co-non the above chance level of perfor-ance of very
young chlldren on probablllty tasks, they do not ahow any
evidence that their tasks do lndeed neasure,understandjng of
probability. They cited an example; 1f a child, who likes |
black jelly Seans, was offéred a choice of two équal
‘handfuls of jelly beans, one whlqh has foﬁr black and one
other colour or one which has oné‘black and four other
'coloﬁr, the child would likely pick the¢hand with the most

black without using the concept of piobabllfty.

v ¥ ty Co re s

Hoemann and Ross (1971) carried out a sérlea qf Studles
to flnq out whether probability concepts are rgqulredlfor
above-chapce performance 1n'p:obab111tf tasks., They
investigated two types ogxprbbablllty tasks; 1) the
decision-making task, where the choice is between two
alternate spinners, and 2) a single spinner ta;k, where a
piedictlon is made based upon the coloured elements on the
spinner. 1In all the experiments fhe‘aubjecta were presented
Qlth aplnnéra'thatgwere d;vidqd»lnto relative proportiéhs of
black and white. Hoenaﬁn and Ross devised two types of
1natructlona,;one requirlng a probablllty Jjudgment and the
other requiring a magnitude estimation. For example, for
the aiﬂéle spinner prediction task, the probability

jnstructlon asked theraubjecté where they thought the
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pointer will land when'lt stopped, -on whlt; of black. FPor
the magnitude éstiﬁatiénblnstructlon,.the subjeéta were
asked fb stgte which colour was the most, white of black.
Hoemann and Ros3'£ound that in the two-choice,
alfernatlve odds task the two types 0£ 1nsttu¢t1on8 gave the
same results. They concluded that;conpéting prOpoztlbns and

estimating odds was not required for a corrdét answer in

this two-choice task, and therefore an understanding of

probability concepts was noF tequlred~£6t aboye-chance
perfornancé. However, thef pointed out that this does not
mean that two-choice taski;fall to measure probability
concepts, Phly that feseaichpts who use the two-choice tasks
nusf demonstrate that the tisk measures what it 1; designed
to measure. | | '

For the slngle—splnner‘ptedictlon task the results

showed a‘dlffetence between the two types of instructions.

The errors in the ptobabllif& instruction' were 3ign1£1cantly'b

higher that of the nagnifude estimation instruétion.
Hoemann and Réss concluded that an understanding of
probability concepts did contribute to‘above;chance
performance in the prediction task.

Hoemann and Ross concluded that successfully éhoosiné 7
the task with th; nozeifavouraSIe odg: a1d not give an lndqi
of probability knowledge, particularly if diteét magnitude
co-parison can téké place. They indicated that not all the

tasks that nominally are probability tasks require the use

.

P
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" of ﬁtobabllltflcépcepts. Tﬁey also acknowledged the various
definitions oflpzobabiltty and concluded that magnitude
dlacrlllnatloﬁ, for thdl, was not considered to be a
piobabllity conéepf, but iather a nécessary ﬁtep before
understanding probability. Recalllngq{laget’and Inheldei
(1951/1975), they concluded that the "discovery of chance”

-does not occur until the onset of.conc:ete operations when a
child is about 6-8 years old, but magnitude dlscilninatlon
is aln&at conpietely pastered by this éi-a. They also »
concluded that the 4—year-oid.ch11dren showed no evidence ofl
a concept of p}obabtlity.

Chapman (1975)vsupp6rted'P1aget and Inhelder's
(1951/1975) view that proportionality Concepts and the
ability to deal logically with abstract relations do not
develop before formal opezétlons. He found that even 10 to
11 year old child;en_do not discriminate proportions for the
‘probdblllstléfreasoning task. Chapman algo compared’
children's perfor-apce on one-container and éwo—contalner—
tasks. pzevxoasly, Goldberg (1966) and Yost et al. (1962)
had found that per formance of.preachoél children ;; |
4 tvo-contalngr faaki were slgnlflc;ntly‘bgttet than
perfpt-nncb on one—container tasks. However, Chapman
(1975),‘d1d not £ind any slgnlflc#nt dlffezeﬁce between
performances offiltst grade children on‘one—contaiher and

two-container tasks.
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Perner (1979a) offered an :Alternativé kvonti'
hypothesis to ¢ounter Piaget and Inhelder's (1951/1975)
claim that young chlldten 8 inabg;jty to deal with
probabilistic tasks stems from élfficulty with pa:t ~whole
relationships C%he "Part-Whole" hypothesis). Perner (1979a),‘
suggested that young children have difficulty understanding ‘\
 truly aleernative events. He claimed that’gpce they can
evaluate and conpéteraltetnatives théy wlll'attive at an
initial understand1n§ of prqbabillty. This hypothesis,
although similar in form to Piaget and Inhelder's *
(195;/1975), does not assunﬁ that childfen understand
part-whole relationships before they understand probability.
¥Petnet tested his "Altet?}tiVe Events®™ hypothesis qndrpiaget

and Inhelder's "Part-Whole" hypothesis in two expetinnﬁts

v
involving‘part—whole related spinners and disjoint spinners.
Neither hypothesis was QUppOItqd. “ | ‘

In a second study, Perner (197§b) soughf to explain why
some studies found performance differences between
single-spinner and doublg-spinner tasks, yet others dld not.

. Perner conducted two experiments. In th' first experiment,
<he hypothesized tﬁat preferential priming, /that is asking
children to express their preference between sets of '
colours, would induce the subjects to choose the correct

spinner in the double-spinner task, but the incorrect event

in the single—spfnner task. The ptefétential priming was
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cdlpletéd'bQEOte the experiment and the answers given by_thq B
s;bject'during the preferential priming were neither right
Oiﬁwtonq. » o

Perner found no evidence that ptefgraﬁtI;IIY‘prined
subjects performed better on the dohble—splnne:ﬁtasknthan on
the single-spinner task. Perner concluded thaﬂlpreﬁetentlal
priming did not seem to accddht»EOt the performance
differences in the two tasks. |

Iﬁ the second expetllenﬁ, Petnét {197%9b) hypothesized
that subjects would be more Ilkely to attend to features
such as number and area the more theseffeatu;es varied.
Focusing on variation in magnitude, Perner used seven -
different disks to test this hypothesis. The hypdthesls was
‘not Quppozted by the data. |

Perner concludéd that reported dlffetencesAbetween’
slnqie-ﬁplnner‘and double-spinner tasks are due to
ldlo.ynéiatlc experimental léthods and cannot be replicated.

As ptqviously mentioned, Piaget an& Inhéidet's ‘
(1951/1975) research has formed the impetus for much of the
investigation into the development of probabilistic thinking
in children. By focuslng on the concept of cha/ce, they ’/
have provided a conceptual framework for dlséusslon of the
sfstelltlc developmant and undef;tandlng of laws_and
causality. |

Fischbein (1975) exploredvvhgk he called the "primary

intuition” of chance. He claimed that the intuition of
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chance>ls eVidcnf before the concept ofrzhance is deveiop‘d;
Fischbein suggested that the intuition of chance exiats‘
before the ages of 6 to 7 years, lnvpteséhool chlldteny He
clai-ad "there certainly exists a ptlnqty; pre;énerationll
intuition consttncted‘out of the day-to-day experience of
the chila and cpiplenentary to the‘lntuitlon'of necésslty'
(p.71). ‘ o

. Fischbein (1975) hypgthesized two‘klnds of lntuit;oné
primary intuitions, which are dqntalned wlthln.the )
individual and do not require instruction; and secondary
intuitions, which are formed through education. He stated
that preschool children have an intuition of chance, but it
is distorted by: i)'subjectlvlsn, where the child sees the
random event »f an object as having a "will" of its own{ 2)
pasalvg'Lndmctlon, where children base thglt decision on the
qunt immediately g;fore, not!on the basis of all sgevlous
events; 3) a belief thatltand;-vevents are controlled by the
opergtor; and’4) changes in the experiment which are

unnecessary and can confuse the subject (e.g. subjective .

N N

preference, preceding outcomes). -Fischbein contended that

°

1f'pteschool children work with a small number of

posslbilitles and therefore llntfed possible outconas, they

S

can reason correctly
Fischbein, in support of Plaget and Inhelder,
acknowledged that a systematic understanding of probability

does not appear until a much later age,(il to 12 years).

.
[SSPE—
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But he alao contended that attainlng an undarstanding of
probablllty could occur at a younger age (9 to 10 years) 1£
there is elenentary lnstruction. Fischbein, Pampu, and '
Hanzat (1911) stated that 9 to 10 year olds have the
concoptual framework to complete these problems, but it must
be nurtured through training.

Pischbein (1975) concluded th the developnenf of‘
chance 1is a progressive,phenoneﬁo which begiqs wifh the
intuition of chance in preschoolic ldren. He conténded
that probabilistic thinking is an'lnporfant el;neht of our
sclentific educ&tlon which cannot be entrusted to prlnaiy |

intuitions. He stated: a

»

(But) in order for this requirenént of an
efficient scientific culture to be met, it is
- necessary to train, from early childhood, the

complex intuitive base relevant to probabilistic

thinking; in this way a genuine and constructive

balance between the possible and the determined

can be achieved in the worklnq of intelligence

(p-131).

Falk et al. (193&% also supported the inclusion of
probablllty instruction at a very younq age. They suggesg9d~
that one method of helping to develop probabillstic concepts

in young children is to have thdh play probabillty gales.

Gender Djifferences
Some probablility studies hﬁve lhcluded investigations

of the differences.in'task success between male and female

7:5&;‘ “



subjects.

-

Davies (1966) found no significant difference at

any age level in a non-verbal t;st; However, on a verbal

test there was one significant difference in favox of girls

at age 7. Other probability studies which have shown

‘slgnltlcaht'gondez dléter;ﬁlis (Chapman, 1975; Perner,

1979b; Ross, 1966) favoured boyﬁ.: In all the above studies,

the gender dlfferences were_so small that generalizations
concerning sex differences in-performance on probabilistic

tasks cannot be made.

Conclusjion

iHost recently, one of the enphasesiot the research in

probabilistic thinking in children has been to encourage the

exposure to.and instruction of probability concepts in the
elementary school (Falk et al., 1980; Fischbein, 1975;
Fischbelin et al., 1971; Reys,’1978). This hai‘évldontly -
'ptovldedkthe lnpetus‘for some publishing conpaﬁies to
include units on probability in the upper intermediate
texts, and introductory sections on brobablilty in programs
fo:rpzlnary children.’ '

 with the exception of Quebec, which azticu1itod the
inclusion of probablllﬁy as an enrlch-aht'uﬁlt in 1980, the
field of pfobabllltx%has been conspicuously absent from most
of the'elenontary nath\:;tlcs pzovlnclil cufrléuiu- 9uld.-
until very recently. At presenf, the newly revised |

provincial curriculum guides for latc,natlcsjln British
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Colunbla,«hibetta, and HanltdbarhaVQ included_guldellnésigéi
thc;lnttodqctlon of thbablllty and statistics to eleientary
students. . ‘
In summary, the development of probabilistic thinking
in children is a relatively new area of téseatch. Plaget
and Inhelder (1951/1975) provided much of the impetus for
. early e#ploratlona‘ln the fleld. Recently, the lnportancem;
of including probabilistic thinking as a topic in |
mathematics education (?alk et al. 1980; Flﬁchbeln, 1975;
Reys, 197;) has been pxplored. Additional research in this
area needs to ge‘pursued so0 that educators can use
appropriate nefhdda to provide lntérestlng and relevant

lnstrqction in probability.



Ve

S

Chaﬁtgr 3
nnrnooopod!
. - :
Thlsvstudy is a partial replication of one of the
experiments developed by Falk, Falk, and Levin (1986); who
studied the development of probability concepts in chlldien

from the ages of 4 to 11 yaatbi The reasons for replicating

‘///d/tﬁgiz‘atudy were as follows: 1) the expdr‘nehtal deslbn was

well-defined and provided substantial information about the
o \

details of the experiment; 2) major issues arising from

other research were addressed, for example, the factor of

magnitude estimation; 3) the squects were from a different

education systén and consequently the findings of Palk et

al. (1980) were not directly applicable to our edﬁé;tlonal
sltuatloﬁ; and 4) the subjects were not randomly selected
and repzesentéd a potentiallf biased sample, namely those
whé were interested in playing the "lottery §ane“. |

A'The folloQing is an cutline of the nathodology used in
this experiment, ipélhdlng thg,changes that were lade.to the
procedures used b; Falk et‘ali?(1980). |

-

27
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. The Subjects

A total of 48 subjects from a slng}e elenentaty’schoof

paitlclpated in the expetinent.‘_The elemontAtf school has a
total population of approximately 650 students and is |
located in an upper-middle socloeéondmic class ;ubutban‘

..néijhbourhood. | | ‘

i

The subjects of the study‘consistedfof Zi'gofﬁ and 24
girls. (They were chosen according to grade level, rather
thin on the basis of age, because the main putposé of this
research was to study the development of péobablllty
concepts in children at the various grades ;n elementary
school. 'To select the sample, the,studentg at' each grade
level were divided into two groups on the basis of gender. §
"FOUZ boys and four girls were randomly sélected from each
:‘gtade list £tou.k1ndei§atten tb‘gtade seven. The first
three boys and three girls selected at e;ch grade level were

contacted to participate in the study. The fourth selection

‘for each gender at each gt;dehlevel was reserved as an

..

alternate. \\;;‘ . | , -

Some parental tesfstanpe%td the research was
enéounteted. A few parents wekg concerned with the ethical
and moral implications of exposing their children to
'ganbllng;.and refused to allow their children to take part.

These parents were assuted!that the intention of the

research was to study the cognitive development of
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probability coscepts in children andffneiz childzen‘wefe‘
(replacediby the-altefnate students at that grade f;vel.' o
The research of Falk,‘Falk,'and Levin (1980)‘co-prieed7‘

two experiments.’~Tne first experiment involved ?6\cnildfen,
20 girls and 16 boys, from the age of 5 to 11 years. For

the second expefiment the 25 children, 15 girls and 10 boye,n
were between the.ages of 4 and 7 years. The childfen were.
unsolicited volunteers from an upper-middle class -
neighbouznood near fhe Hebrew Univezsity of‘Jefusalen.

~_ : A
- The tus |
Falk, Falk, and Levin (1980) initiaily designed_thzee

distinct types of apparatus to assess the perfd;E:;ce of the
subjects on pzobability comparison activities in different
dimensions: 1) pairs of spinners of different radii divlded-
linto pjopo;tiona1~yellow and blue sectors (one-dimensional);
~2)‘pairs of plastic cqntainers with d{ffefentfnunbers of
-yellow and blue wooden beads in each (two—dineneional); and ﬂ'
3) palrs of wooden spinning tops of different volumes

divided into sections of yellow and blue j -
(three-dimensional). . Using Pearson's coefficient ef
correlation,?Falk et al. (1980) found no eiénkficant
difference between the reeults obtained from each apparatue
(p. 192). This meant that each setkof apparatus vas found

to be reliable as a independent measure oflcnildren s

ability to compare probabiiities. Because no statistical

— t
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diffgience,was found between the;zgsults‘of £hg-d1ffez§ht’i'
kinds of materials, the sptnneg apparatus was selected for
use in tﬁelr secoéd experlnadt because it had prodnced the
shortest average session time. |
: Based upon the flndings of Falk et al. (1980), the
decislon was made to use splnners ln the present study. Tﬁe
mspinngis ;ere round circles of varying rad11 (see Table 1)
which were divided into sectors of eqqa1~ceﬁtra1 angles.ir
The area of the spinner was probortlonal to the number of
its sectors.x Thls7ehsured that the sectors we;e of equal
-area. The apparéths was designed so that two of Ehe Iazgést
_ spinners would fit 6nto one half of a piece of standard
railuay board (36 cm wide by 56 cm long). Thirty—six pairs
of cardboard spinners were constructed. The seétors on each
;piﬂner were coloured blue or yellow. Thése cqiours were
chosen because Falk, falk, and Levin (1980) had used blue
and yellow:dﬁ their sector colburs, and thg’cqlours offered
a good contraét, but were not too brlght.' The s;ctogg of-
the spinner were coloured by élternating blue with yellow.
If the number of gectors were not equél, the colours were
arranged to present %8s great a contrast as possible. For
example, if the spinner had four yellow sectors and six blue )
sectors, the pattern would be yellow, blue, blue, yellow, |

blue, yellow, blue, blue, yellow, blue. In addition to

adjusting the pattern of colours on the spinner, the
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. TABLE 1 .
: Spinner Sizes ‘
Number of : ‘Radius‘of Central Angle of
Sectors ‘ Spinner Bach Sector
(cm) : ©  (degrees)
e
2 . s.0 180.0
3 Y 120.0
1 ' 7.1 | . 90.0
5 - 1.8 o 72.0
6 8.5; ‘ 60.0
’ 1 9.2 - 51.4
8 9.8 . 45.0
9 10.4 \ 0.0
10 11.0 © 36.0
11 - 11.% '_ 32.7
12 . 12,0 30.0
13 | 12.5 27.7 '
14 | 13.0 ‘  25.7
e
15 13,5 24.0
16 ~ 14.0 22.5
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orientation of the spinner was sﬁifted. ‘For example, for a
set of qplnnets; each w;th three sectdts, two blue and oﬁe |
yellow, one sp;nnet would have the fellow secfor at the
"top” of £he spinﬁer board, while the other would be rotated
to either side or to the 'bottoq; of the spinnet.boatd.

A seven‘mllllnetre hole was made in the centre of each
spinner. The cardboatd splnnet palrs were stacked in gtoups
of 18 on a wooden board (45 cm wlde by 65 cm long). A plece‘
of wooden doweling (6 mr in dianetet by 8 cm long) was
pushed through the central hole in each spinner and anchoted
In a dt{lled hole in the wooden board (see Figure 1). A “
sﬁall pointet; made from a wooden popsicle stick, was used
as‘the splnneF?s indicator. The popsicle stick was cut to:
seven centimettesﬂand then‘filqd to a point at one end. The
opposite end was filed to cénforn'to the lnngr'concave guive’
“of a matal'washer, This end was glued to fhe metal washer
and;easlly slipped over the doweling.

The Desjgn

For each task the subject was pfesented with a pair of-
spinners of’specific probab{11t1es and asked'to choose'fhe )
spinner which he or sherwogld like to twirl 1n‘ordet to ‘
produce an element of the payoff colour (POC). The
ptob;sillty of the payoff colour for each spinner was the \;
ratio of the number of elements of the ﬁOC té the total

number of el¥ments in the spinner. This meant that the two



Figure 1.

Diagram of spinner board apparatus.



sp}nnetg,in each spinner set éould diffet lﬁ three'w;ys;

1) the toé&l number of elements; 2) the‘nuanr of payoff
elements; and 3) the number of qon-payoff elements.

Table 2 shows the relafiQn befween the number of payqif ’
elements and the total ﬁunber of eienents. This produced a
poténtial fb: nine different kinds of tasks. However, three
of these combinati&ns (Cell ﬁ, Cell F, Cell G) are

impossible ;s the two varlaQLes, POC ;;d the total number,

are not independent of each other.- Fo; example, the number

of POC cannof be smaller on the correct side if the total
number of el;qents are equal (Cell F). 8ix different tasks
remained. Another task (Cell I), whére the total number is -«
equAI on both spinners and the POC is equal on both

spinnqrs, produces identical tasks.

with the addition of the number of non-payoff elements
as a variable, the number of potential tasks incréhsgs to 18
(see Table 3). Most of these potential tasks,Hhowaver, are
impossible bécause the elements aie not independent of each
other. As a result, only two dlffet;nt tasks were added,
for a total of elgﬁt taek'cafegoriesi | .

After this initial categorization, the tasks were
divided into three levels of difficulty. The level of
difflculty for each task waa‘deternined by the relation qf
the proportion of the spinner to the fraétion 1/2. Easy
tasks were those in wﬁlch one of the two proportions was

larger than 1/2 and the other séhller than 1/2. Medium
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TABLE 2

Classification of Tasks by Number of POC Rlements
and Total Number of Elements ’

n ]
Total Number of Elements

Greater on Smaller on Equal
correct side correct side

Gréater on
cqrrect side

—

,Snallér on
correct side

Equal

arrogo~m QOWN

Cell A Cell B Cell C
Cell D? Cell & Cell F*
Cell G* " Cell H . Cell I

i Tasks in these

x

cells are impossible.
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’iasks offered a coﬁpa;ison where one proportion wui I/Zlihdﬁi
thenother differed from lli. Difficult tasks preseﬁted
proportions on the sp;nners which wete‘botﬁ latéat or both'z/
smaller than 1/2. In the easy and medium tasks; the |
prqportions Qete*deslqned uslﬁqvthe minimal nunbet of

elements that satisfied al% the requirements ofAthe task.‘

In the difficult tasks the p;opor;ion; were constructed so
that the tasks became increasingly difficult, with the most
difficult task ha#inq the smallest difteéence of ratios
«betwaen the elements. The experiment included 12 easy, 10
nedlum, and 14 ditfiéult.tasks; The tasks are outlined in

Table 4. Ly

Each éhlldlwag presented with all 36 tasks. Theltasks
were presented in one sitting with a break at‘the conclusion
of 18 tasks. The tasks verelprgqggted in a random order to
each student. This was accompliahed by shuffling all of the
spinner boarQs a?jihe conc}usion of eéch expgrlnbntal '

session.

N

Ihs_zgéssgnss

The experiment was held in a small seminar room in a

1)

clgssroom complex. The apparatus was set up for the
duration of the experiment. Iach child was met at his or
_ her claaarooi and escorted by the experimenter to the
selinat room. During this time the child was familiarized

with the basic purpose of the experiment and any



"TABLE 4

Composition of Tasks

Level of Item . Composition
Category Difficulty Identigifz (B-Y) (B Y{\
1 Basy 1BA (4-3) (1-2)+
1 Basy 1EB (6-4) (2-3)
1l Basy ‘1EC (6-3) (4-2)+
1 Medium 1MA (5-3) (2-2)
1 Medium 1MB (4-4) (2-3)+
1 Difficult 1DA *(4-6) (1-2)
1l Difficult 1DB (3-5) (1-2)+
1 Difficult 1DC . (3-6) (1-3)
1l Difficult . 1DD (3-4) (2-3)+
2 Easy EQ\:%g"m-~’(5-3) (2-4)
2 Medium 2 x(5-2) (3-3)+
2 Difficult 2D . (7-3) (5-4)
3 Basy 3E %(2-3) (1-3)+
3 Medium 3M (3-2) (2-2)
3 Difficult 3D (4-2) (3-2)+
4 Easy 4B (4-1) (2-4)
4 Medium 4M (5-2) (4-4)+
4 Difficult 4D x(3-4) (2-6)
- Basy SEA (2-1) (5-6)+
5 BEasy S5EB (3-2) (4-6)
(‘5 Basy SEC ~ %(2-6) (3-9)+
5 Medium SMA (2-2) (3-5)
5 Medium SMB (2-1) (3-3)+
g-) Difficult SDA (3-1) (5-2)
5 Difficult 5DB (4-2) (7-4)+
5 Difficult 5DC (3-2) (7-5)
5 Difficult" SDD (2-1) (4-3)+
6 Easy 6B (3-2) (3-4)
6 Medium oM (3-3) (3-5)+
6 Difficult 6D ®(2-3) (2-4)
7 Basy . B %(4-1) (3-2)+
7 Medium ™ (6-4) (5-5)
7 Difficult 1D (2-6) (1-7)+
8 Basy 8E (1-1) (1-1)
8 Medium 8M ®(2-3) (2-3)
8 Difficult 8D (5-3) (5-3)

+ reverse order on actual spinner board
% jtem selected for specific guestioning

38
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épprehenaioﬁa he or she may have had withvzegatdﬁ eb;the
experiment were eased. .Upon arrival ét the sehinat‘tQBEQ
the child was aqked to'alt~ét a lirge rectnngdlar table
opposite the experigenter. The spinner boaid,,the inéehtive
board (see Figure 2), and a tape recorder -gcrophonq wvere
‘arranged on the table. The purpose of this»ﬁpphratus';ﬁd
explained to child and any questlons regarding tﬁé apparatus
were answeéed. . | » | o

Each child was invited to play a preliminary éana to
familiarize the child with the ‘incentive p:oéedu;é and the
idea that the game involved chance. In the game the chila
was asked to pick a number f;on one_to six on a over-sized
die. The child was told to throw the die in the air to;éee‘_
1f the dig would land with the number that he or she -
selected shbving on fop. The child was given three éoased.
of the die. |

“Each time the number the child selected came up, the
chiid was given a ihall plastic token. The plastic tokens
were used as "steps” on a trail toward an item of food for
"Hotdog Day". Hotdog Day is é monkhlyufund raising §ven§ at
the;gchabl sponsored by the P:iant C;ﬁ;bltatlve Committee.
The Hotdog Day chart offered three items: a hotdog, a donut
and a drink (see Figure 2). Each item had a trail of spaces
for the Lokens. When the token spaces were ff11§d the child
wa# ngen a credit for that item for the following Hotdog

Day. This procedure was followed for all children in
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Figure 2. Incentive board.
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 Grades lfthrough 7. : e E

E 'A different in;entive was ueed.forhtﬂe>tindergarteov

children because their short day did not permit then'to tate

part in Hotdog Dey. ' The kindergarten children‘were given'a

choice of ten different 58cratch—h—8ni££” stickere. The |

chosen sticker was placed at the end of a trail of token | !

epaces aplf the oonber the klndergarten child selected came

up, the child ‘was given a token to place along the trail.

When the trail was filled with tokens the chtld was given

the Scratch—n-Sniff sticker. _ | R
When the prellqlnary ganerwas finished, the purpose of

the experiment was reiterated. The spinner board was

. explained to the chlld and the apparatus was denonstrated.

Each child was given the opportunity to flick the pointer a

couple of times in order to familiarize himself or hereelf

with the apparatus. At the outset of each trial during the

experiment, a token uaskplacedvtO'the side of the spinner

B4

board. The subject was initially inforned’and.subeeqﬁently -
reminded throughout the experiment that the payoff coiour‘ -
was blue. A blue blook was used as a vieuei're-inder‘end
was placed at the top of thevepinner abperatue in fullAvLew
of the subject. The chifdéyae then asked to choose the.
spinner which he or she woula expect to produce an element j
of the required colour'(blue). After making a choice, the

child was ;pked'to spin the pointer of that spinner. If the

pointer landed on a blue/zeqment, the token was placed along
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the selected trail. VIf thejpoinfer did not 1&nd~oh~awblﬁe |
segment, the token :ema{néd;f;r‘thé_neit itenm. vThe‘spinnér
the studeﬁf cho§e, a£ well as the outcome df spinning the
pointér were teéorded by the exbe;imenter on a form (ﬁee.
Flgure‘3), _

/ One record form was used for eachtstudent{ TThe gender
band the grade level of the student was regorded.' Bach item
was listed by code. Adjacent to the code a narrow bar was
coloﬁred black to 1ndicate iight side of the spinner board
‘(experimenter's right) as thgﬁcdrrect choice, or left |
uncoloured to inhicﬁte the left side of the spinner boara
(expergmenﬁer's left) as the correct choice. The subjeqt's
selection of the spinner (experimenfer's right or left) and
fhe outcome" the spinneruwe;e_recorded., The third column
vaayused for.]!E

t

Each session was audio-recorded to obtain an accurate

.scoring at the conclusion of the experiment.

account of all verbal comments n@de by the Qtudentaa This
providéd‘anlexpl;nafion for the choices nﬁde by\indlv;duals.,
In order to enable a comparison between the grade

groups,.and between the 1nd1v;duai r?spOnses within grade
levels, one task was chosen from each of the eight |
categories for specific quesgioningf ‘The choice to iinit
specific questioning to eight items was necessary .in 6¥der
to keep the individual sessions to a manageable flme>(30>
nihutes).; The main factor when selectiﬁg the items- was’

- ' \L-V-: .
representation of the levels of difficulty. The items were
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Grade: K 1 23 K567

Figure 3.

~ Subject: M F |
Choica |Decision / Choice | Decision

1EA 5EA Do
1EB. 5EB |
1EC JSEC |

AMA ) | 5MA |
imB “5-MB- |
1D A " 5DA

. 41D8B 5DB
1DC 5DC

10D 5DD.

2 E bE

2M oM
2D D
3 E JFE
3 M M
3D [N
4 E BE
4 M 8M
4D 8D

_ Tetat_Corroct .. % .
. _~FEasy Cowrect ... ... R A :
Medium Correct .. %
. Difficult Correct .. A

Record form.
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selected from the eight categories without bias. The
selected items were 1DA, 2M, 3E, 4D, SEC, 6D, 7E, and 8M.
 Phese task items are defined in Table 4. The sglected tagks
were marked with a small astgrisk by on th§ spfnnet board to’
facilitate 1dent1£1c§tion By the experimenter during the
"seséiﬁhs.;z~ o o o 7 . e
As the seiected tasks were co-pletedvby the student and ’

the results weré iecogded by fhe experingntef, thg stgégnt\
v,uhs asked why>he or she made that ﬁér;icular'choice. At the
}end‘of_eacp session the audiotapes were co&ed and

subsequently transcribed. The tranScrlptiOns were mounted
by éategory and grade level on latgg pieceslbf cardbo&rd.

This enabled a ready comparison pétween,add within the’grade

.
v

groups.

he Analysi |
Thé data collected wa§ analyzed by determinihg: 1) the
percent of correct responses of all tasks by grade; Z2) the
petceht 6£ correct responSés,by grade and category; 3) the
percent of correct ré;pohbes by grade and fhe level of
difficulty; and 4) 1ndividua1 responses‘fron the verbal

discussions.



'Chapter 4
RESULTS

The results for eé;h grade, task category, and level of -
dlfflculfy were calculatéd by compiilng the nﬁnber of ¢
correct iéspdnses for each érogplng.' This raw aqore‘waa
transformed into a perceﬁt correct score by dlvldlng'the'
aétual nuﬁpeerf correct responses by‘the‘total possible

number of correctrredponses. The verbal responses made by

each student were also assessed. | !

N

-

Group Results @ ) J

The group results were calculated from subject response

e

on 31 of the 36 items. . Five items were not included in
Ithese results because they represented a ;hqlce between two
spinners with equai prdportlons."AQ analysis of these tasks
wlli cqﬁclude the gection on group results.

For the 31 tasks, the percent of correct response by
all subject; was,77%. This is above chance lqvel, as thq
upper thréshold-for percent correct by chance is about 53%

e

45



(n of items = 31, n of subjects = 48, =< = 0.05).
The gtoup results were evaluated in three waysi 1) by
grade level; 2) by task category (;ee Table 5); and 3) by

level of difficulty: easy, médium, and difficult. .

t

»

esul I

For each éradgrthe pgrcent of cofreét responses for
‘ eaéhkc&tego:y and for the/fotal of éach category were
caIéulated. These,results‘érerpresented in Tablejﬁf

The total percentrcorrécf‘scores for e?ch grade: are
above chance level. The ubper threshold for;percent correct
by chance is about 57% (n of items = 31, n of
students = 6, < = 0.05). The percent correct scoreg tend to
increase through the grades. The Grade Three average of 75‘
and the Grade Six averag;‘o&:79t‘shov sbme deviation from
the upward trpnq, yith ;cores lower than the previous gradg,
but these do not reéresent a sﬁbstéht;al shift (;om the
trend. When the adjacent grade_groupg are paired the
improvement through.the-grade levels is evident. Table 7
éhq;a the pefqent of correct responses for the adjacent
grad; pairs (K-1; 2-3; 4-5; 6-7). Response by grade;and
paired grades are graphiéally representedfin Figure 4.

There is a spread'of 20% between the highest suécgss

rate (Grade Seven; 84%) and the smallest>euccess rate

N
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TABLE 5

.

Category Definition For Task Items

Category
‘Category
Catego;;
Category
Category
Category
C?tegory

" Ccategory

1 - POC greater on correct spinner

2

3

5

8

NPOC greater on correct spinner
‘Total number greater on correct spinner

POC greater on correct spinner
NPOC less on correct spinner . ‘
Total number greater on correct spinner

- POC greater on correct spinnqi

NPOC equal } , Lt
Total number greater on correct spinner

POC greater on correct spinner

NPOC less on correct spinner

Total number less on correct spinner
POC less on correct spinner

NPOC less on correct spinnér

kTotaI number less on correct spinner

POC equal
NPOC less on correct spinner
Total number less on correct spinner

POC greater on correct sp}nner
NPOC less on correct spinner
Total number equal

POC equal
NPOC equal
Total number equal




" TABLE 6

 Percent of Correct Response by Category and Grade

Category

Grade 1 2 3 4 5 [: 7

‘Number of Tasks . Total
8 3 3 3 8 3 3 31

K 79 78 67 67 46 56 61 64
1 .75 89 78 72' 63 89 72 74
2 15 83 94 94 58 78 94 77
3 75 89 89 94 52 72 94 75
4 46 100 89 83 81 100 94 78
5 63 94 94 83 77 94 100 81
6 60 94 89 94 15 83 89 79
7 65 100 100 84 88 89 ' 94 84

Total 67 91 88 84 67 jm 83 - 87 \ 17
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TABLE 7

Percent Correct Response by Category and Grouped Grades

a~

Category
Grade 1 2 3 4 5 "6 7
' 3
/  Number of Tasks Total
— .
8 3 )3 3 8 3 3 31
K-1 - 177 83 72 69 54 12 67 69
2-3 75 86 92 94 55 15 94 76 -
4-5 54 97 92 83 79 ~ 97 97 80
6-17 63 97 - 94 89 8l 86 92 82
Total 67/ 91 88 84 67 83 88 - 77
v // | .
—~ &
- ,"
T~
N
e
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(Kindergarten; 64%). The greatest difference between
adjécent aveiage success sﬁores is 107N between Kindergarten
and Grade One. This is the same as the dlfferencc between
‘the Grade One average.score.(74§) and the Grade Seven
average score (54\). In this sample, there\ias a gré&ter
lﬁprovement in task understanding between kindergarten and

Grade One than between'any other adjacent grade Lpuglﬁl

Ggi e Re  § "S é or

The 36 taﬁks were dlyided into eight cgt;gories
according to three criteria: 1) the total number on the
correct splnner; 2) the re;atlve number of fhe pay-off
~ colour (POC) on the correct spinner; 3) the rglatlve number
of the nonpay-off colour (NPOC) on the correct spinner. The
categories have been defined in Table 5:

The categories with the greatest average success
percentége were Category Two (91%) and Categéry Three (82?).
In both of/;ﬁeéeKQroups the gOC and total number were
greatestgs; the cérrect splnher. ‘The category with the next
highest average success percentagé Qﬁs Category Seven (87%)
where the POC was’ greatest on the correct spinner, but the ,f\
total number was the same. In these three groups the P%f ,/
was greater on the correct side, and the NPOC on the correct
sidéluas less than or equal to the NPOC on thb incorrect

side. In these categories the étudents'couid choose the

correct spinner simply on the basis of the greatest area (or
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nu-bef‘of sectors) devoted to the POC.
The lowest'avérage aﬁccess percent occurred in Cafegory

‘One (67%) egen'though it fulfilled the'maln characteristic

of the cateéor es which evoked %he,highest correct response;

specifically, e POC ﬁaa‘gteatgt on the correct spinhet.

But Categoly One had an additional feature; the NPOC
Qas greater on the correct spinner. This means that if a

nner on the basis of the area or number

~

child chose the s
of secéois devoted to the POC, the\gggice would be correct.
‘However, if the‘decislon was based onithe NPOC,,énd‘the
spinner with the“leaétfnunbet of sectors devoted to the NPOC
was selected, the choice would be‘incorr;ct.

Another feature of the results in Category One was the
telative,percent co:rk&t Qf the Kindergarten subjects
‘compated to the other gtaézs. Kindétgarten subjects had the
highest pgrcent correct (79%3; with Grades One, Two, and

Three each with 75% (see Figure 5). '

However, the percent correct ;ggﬁonse for Grades Four

S
]

A, o~

to Seven dropped considerably with éhﬁ Grade Fout'group
thbducing'the smalrbst.percqgt ofﬂcortect respohses out of
all gtoups of‘iténa in the éxpetiﬂent (46%). Althbugh'thetef
is lnprovenenf with the Grade Eive scoresk(63\), the Gta&e
élx anduSeven percent of correct responses remain in the
same range (Grade Six, 60%; Grade Seven, gS\). : Thé upper
thteshold for chance level of correct response is 64% (n

of items = 8, n of subjects = 6, < = 0.05)7 ) This
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_ shggests that the‘prlmary children may have been
siﬁgIe-minded in their responses...looking for the spinner

l with»the greatest nunbei of POC khile not even considering
the NPOC. It ;lso suggests that the najority-OE.qFade Four
fo;seven subjects did not calculate the propgg&&ﬁ&}of POC to
NPOC to dete¥m1ne a response. '

Q

» uﬁﬁen the audio-taped commenté were revieweé ahd ﬁéired
mowith’tﬁe results of éagh,item, the primary strategy seems to
> haée consisted of a compqijsoﬁ'of the relative number of
‘sectors on each splnner;aivoted to the POC or the.NPOC.
Students would look at the dominant colour and make their
choi?e. If the doﬁinant colour was blue, the cholice Qould
usually be the spinner with the éieater number of blue
sectors. For‘example, student Hgl(grade 2), on task 1MA,
repgrted: * 'Cause this ona had ﬁore spaces of blue than

" - this one." ‘

If the*dé;lnint colour was yellow, the’choice’would
often be the spinﬂér with the least yellow, as it‘was the
non-payoff colour. For example, student S8 (gradé 4), on
tag} lbp, reported: "Less yellow triangles than on the

" other side." o

Within Categ?r;es Two and Three, the percent of correct
Yrbsponses generally ingzeased through the grade levels.
There are small discrepancies in the grade to grade

development; but an overall trend dﬁ improvement is evident.

Category Four shows lnpfoveuent in the percent of

-~

7
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correct responses from Kindergarten to Grade Tﬁree.W7&hi; is
followed by moderate fluctdations in the percent of correct
responses frsh Grade Four to Seven. &)[\

In Category Five there is a definite splltlln the data
(see Figure 6). 1In thi# category the Kindergarten to Grade
Three groups show the lowestvbercent of correct responses of
all categories. As in Category One, the upper‘threshold for
chance level of correct response is 64% (n of items = 8,

n of gubjeéts = 6, o 0;05). There is a 29% Jump in

the percent of correct responses from Grade Three to Grade
Four, Qith marginal decreases in Grades Five and Six; The
average percent correct for the Kindergarten to Grade Three.
jroup was 55% and for gge Grade Four to GradP"Beven group,
sos. .

Category Five was the only category where the POC was
smallest on the correct spinner. ‘The NPOC and’the total’
number were also smallest on the correct spfnner. This
.would seem to reinforce the‘hypothésis that primary children
excluslvely-exanined the number of sectors, or area, devoted
to the POC. If the secto;s; or afeq, de&oted to the NPOC
had been FakeJ%lnto account the choice would have been the . | K
alternati&i sﬁanﬁer;that is, sélectlng the spinner with the

smallest nﬂiber of,NPOC would have produced the correct

=
- .

choice.
In C@tegory,Slx the percent correct dbes not show a

smooth increase from grade to grade. There is a large
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hi{crease in the percent correct fr indergarten to Grade li
One, but then the'ecores seem to fluctuate. |

| Category. Seven shows an increese in percent correct
responses from Kindergarten to Grade Two, ith fluctuations
thereefter. The upper threshold for chance_level~of

correct response is 74% (n of items = 3, n of

subjects = 6, =X = 0.05).

ra e‘Re 1ts for'Level £f t
'The tasks were also grouped eccording to levelhof
ditficulty'within each of the categories. The tasks were
- classified as easy, medium, and difficult. As is shown in
Tahle 8, the total percent correct for the easy tasks uae
slié%%ly better (87%) than that for:medium teske (64%).
However, there is a large drop of 19% between the percent
correct of the wedium and difficult taskeA indicating that
the‘difficult tasks were relatiuely more challenging. With
the‘exception of the easy and medium scores at the r
Kindergarten and Grade One 1eve1( there is a’tendency for
the totel number of correct responses to.decreese with the ‘
difficulty of the task. \
Because the level of difficulty of the task uae
determined by the relation of the‘proportion»of the POC on
iﬂﬁ&epinner‘to‘the fraction 1/2, the diffqrence between,the

proportion of the POC on each&gpinner can be used as a

\
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measure of the difficulty of the task. ‘One can assome that
the smaller the difference hetween the proportions on‘the
,wﬁﬁplnners, the more difflcult the task. For example, on item

IEB (an easy task), one\qpinner had 6 blue and 4 yellow
(0.60 blue),'and the other, 2 blue and 3 yellow (0.40 blue),
a difference of o.zo;'on item GDf;:foltflcuit task), one
spinner had 2 blue and 3 yellow (0.40 blue), end the other,
2 blue and 4 yellow (0.33 blue), a difference of 0.67. The
correlation between the percent of correct response on -each
. ltem, and the difference between the proportion of the poc:
oneeach spinner was calculated'by means of the Pearson
product—monent. The results of the Pearson product-moment
calculations showed a relaﬁionship between the percent of
correct response and khe difference between the proportion

of the POC on each spinner, r =20, 47, p<.01l. \ &

The percent of c;rrect responses ‘by grade for the easy,
medium, and difficult cateoorles do not demonstrate any
trend from grad; to grade (Table 8). However, when the .
grades arelgrouped in pairs (K-lh'2-3; 4-5&ﬁ&:2) the percent
of correct responses monotomica11y1;>creases through the
grades (see Table 9).

The difference betQSanthe percent correct of the
Kindekgarten grooé,&ﬁaathg/érade Seven grodp on the easy
tasks was 26%, aﬁq on the medium tasks, the difference was
24%. For the diféicuit tasks the difference between the

R .
Kindergarten and Grade Seven percent correct scores was the
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y TABLE 8

[

Percent Correct Response by Level of Difficulty -
, ‘and Grqde : :

- : Category ;
N It
~ . ) _ —
EaSy Medium Difficult Total

Number of Tasks

Grade 9 9 - . 13 31
K 69 70 56 64
1 L 16 80 . 69 74
2. 96 - 83 60 77 e
3 83 82 65 15
4 89 87 64 78
5 93 89 68 81
6 94 85 63 19
: 7 94 | 94 : 71 84
Total

87 Y 65 77




Percent of Correct Response of Paired Grades

N ”~

TABLE 9

3

by Level of Difficulty

Category

Basy Medium Difficult Total
Nuﬁberrbf *asks
¥ : -
Grade 9 9 13 . 31
. R 1 ,

K-1 72 . 15 63 69
2-3 90 .82 63 76
' ‘ -

4-5 91 88 66 ~ 80
6-17 94 90 67 g2
Total ' 87 84 65 M
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smallest at 14%. Thu;ffthere‘was less improvement between -
groups for the‘41ff1cu1t tasks than for either the medium or

easy tasks. The decreasing difference between the

Kindergarten and the Grade Seven results on the tasks is

g

e#en nore strlkinc when the grades are grouped (Tdble 9). v
The difference between the percent of correct responeee on
the easy tasks for the¥k 1 group and 6-7 group remains the
greatest at 22\,'thevd1fference between the groups on the
medium tasks decreased slightly to 15%, but the difference

between the groups on the difficult tasks was only 4%.

Grade Results for Ite

The percent of correct reSponse were calculated for
each item and the reenlts aré shown in Table lb. Item 2E
- (5b, 3¥/va. 2b, 41)Z;enereted the highest percent of correct
responee (94%). This is not surprising as the POC was .
éreeter on the correct spinner and the NPOC wids lesser on
the correct splnner. | ‘

Item 1DB (3b, Sy'vs. 1b, 2y) had the smallest percent
of correct response (15%). The reason for this is unclear. .,
The item with next smallest percent of correct response was -
item 5DB, where the percent of correct response was 42%/
The difference between the proportion of the POC of the
spinners in Item 1DB was small (0.05), but other spinner -
sets had a smaller difference between the proportion of the

i

POC and achieved a higher percent correct_reepOnse‘ For



TABLE 10

\

Freduency of Correct and Incorrect ﬁesponse
and Percent Correct Response on Items

L]

Item Percent Correct
"1EA 79 ,
1EB : 90 . 3
1MA . 92
_1MB 85
1DA ; 52
1DB 15
1DC 67
10D 58
2E - 94
2M : 88
2D 92
. 3B 88 |
3M - 92 '
3D , 83
4B - 81
4M - 85
4D 85
S5EA 88
SEB . 88
5MA 67
5HB 79
; SDA 63
7 5DB 42
5DC 56
5DD 58
6E 85
" 6M 81 _
6D 81
7B v90
™ 83

70 90

[, ]
~N
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exa-pie iten,IDDﬁ‘h;a a difference betwaén the proportloh bf
the POC on the sﬁlnners of 0.03, and a percdht correct
résponse of 59%, and item 5DC, had a difference between the e
pioportion of the POC on the“splnnersvof 0.02, and & percent
correct response of 56\. A possible explanatioﬁ for the '
choice of the incorrect'spinngt on Item 1DB is the amount of
area devoted to the NPOC on the correct spinner. The
correct spinner is much larger (radius; 9.8 cm) than the
incorrect spiﬁner (radius; 6.1 cm), and with the greater
number of NPOC, there appéars to be relatively more area
devoted to the POC.

Indiv R ()

Individual responses to ltenslln the experiment were
‘1n£erpreted by‘examinlné the audio—tapé transcriptions. The
individual responses to each ltem were examined by grade in -
order to detect similar comnenés. Distinct résponse
patterns were indicated and these were’recorded 16 tabu%ar -
form (see Tables 11 to 18). 1In this stuqy, the lhdlyidual
verbal responses seem to fall into slx'catégotles-aCCOtdlng
to the feature the subject used to make the spinner choice.

These were:

l. Reliance on the POC, that 1s,wthe subjects referred L

to some feature of the POC (blue)’as the reason for their

&

selection, for example: A =




AP (Grade 2), on.item 7B, reported: "It had = °
more blues. I just see if there's very many

~and if there aren't then I go the the other

side and look and if there's more then I take
that side. :

LE (Grade 6), on item 2M, stated: "This one _
had more blues. I go for the one that has
more blues.” : -

2. Reliance on the NPOC, that is, the subjects

referred to some feature of the NPOC (yellow) as the reason

PRS-

for‘ﬁheir choice of spiﬁher, for example:

8G (Grade 1), on item 2M, feported:
"Because this one has leas yellow than
this one.”

KM (Grade 6), on item 6D, stated: "Um-m
..This one has more yellows than this

one. This one has three yellow pleces

and that one has’ four yellow pieces.®

3. The physical setup of the spinnéi board and

_ spinner, that is, the subjects referred to the ariahgengnt
of the sectoi; of the spinner, for examﬁle, if two Blues
side by side or, the placement of the pointer (which was
started in the same location throughout the experiment).
‘For example: o |

AH (Grade 4), on item 6H, responded: "Well,
because when you started it, it was in

the yellow and like usually spinners go

all the way around and it would come all . .
the way around again and I'd have a better

chance of getting blue because they re

right together.

J8 (Grade 5), on 1tem 1DA, stated: "These
ones are more spread out and these ones
aren't. The blues are more spread out

, and the yellows are all in one place.



‘Cause if the yellows are closer together
than you only have a chance on one side

. with the blue and {f they're all spread -
out then you have a better chance.”

4. The physical size or area of the spinner, that is,
thé student referred to the relative sizerof one spinner
conbareq to the othtr, for example:

D8 (Grade 7), on item 3E, stated: "It's
smaller (circle) and it's thicker. Well,
I don't know if it's much thicker, but
'it's smaller.”

BN (Kindergarten), on item 1DA, responded:
" 'Cause. This one's small. This one's
bigger than it."

5.. A comﬁarison of the POC and fhe NPOC.between
splnne;s, that is, the student made ap observation about the
relatlonship—of the POC and the NPOC on one spinner and
compared this to tﬁe othei sﬁinner, for example: |

SW (Grade 4), on item 4D, reported: "There
were only three blue and two yellows here

and one here (yellow) and one here (yellowk?/
And that one had three yellows and three .
yellows and only two blues." A
KD (Grade 3), on item 7E, stated: " ‘Cause
it has three blues and, (pause - counting
mentally) 4 blues actually, and one yellow
and this has three blues and two yellows."

S

6. Comments that were not related to the POC, the

NPOC, the physical setup or the area o:rthe spinner, for

axample: , : . t
‘ = “\\\J
LE (Grade 7), on item 5EC, responded: '
" 'Cause I usually always get blue
on this side. It's my lucky side.”



8G (Kindergarten), on item 1DA, stated:
" ‘Cause I like it. I like big ones."

JB (Grade 1), on item 5EC, stated: "It

would go on blue. (Experimenter: "Why?")

‘Cause I want one of those things (points

to hotdog on Incentive Board)."

'Tabiesfll to 18 show the range of responses for each
1ten‘at each grade level. In fqui or five instances, a
subject provided a response which copblngd the elements of

the citegoriqs,'and in these cases the first response was

ﬁused.’

The number of responses at each grade level does not
always equal the number of subjects at that grade 'level due
to the reluctance of subjects‘to supply a verbal response,
or the failure of the rgsegrchet to ask about that item.

The reluctance‘to‘respond tgiquestions was most common at
"the Kindergarten level. Although subjects at other gradé

" levels did not always pro;gde a verbal response, the?e would
be a shrug of thé shéulders as if to say "I don't know".

For six of the éight items, the absolute number‘of the
POC was the reason most often used by th? greatest
peicentage of subjects. |

On item 8M, the vast»majority'of subjects made a
comparison between the twd sp;nners on the spinner board.
In this item both sides were identical in size and number of
sectors, and the only difference between the tasks was ﬁhe

orlentation of each spinner on the board.
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on item 6ﬁ, the absolute nunﬁer of the NPOC was used
most often to determine the cholce.’ This was an appropriate
strategy because the POC was equal on both splﬁners, while
the NPOC was greater on one spinner. -

A thorough review of the verbal responses rgxgaled that
only two students demonstréted a sound understanding'of the
concept of probability. These sf&dent? showed evidence 6f
calculating proportion, as well as énvunderatandlng~of the
‘element of chance. For cxample:

JD (Grade 6), on item 2M, stated: "This one's
half and this one's over half so you have a
better chance with the 3;e over half."

JD (Grade 6), on item 5EC, responded: "One,
two, three, ... twelve. 8o you have twelve.
Three out of twelve. One, two, three,

four and two out of eight. 8o they both

equal one-quarter, so it doesn't really
matter which one you decide to pick

s0 1'1ll pick the one with less yellows.""

CB (Grade 7), on item 3E, stated: "Two g
-£D¥ths and one quarter and have the

same denominator. Change them to

twentieths and this (pointed to the

spinner with two blue and three yellow)

will have more twentieths."

CB (Grade 7); on item 2M, commented:

"This one was seven-fourteenths and this

one was ten-fourteenths (and so) this

one had a higher chance of getting it."

After choosing many items by correctly computing the
proportion of the blue and yellow sectors on each spinner
and not experiencing success at getting the POC, student CB
(Grade 7) decided, "Most of the ones I have been calculating

have been wrong so that's why prickad this one” (1HA). In
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N
this instance’ the student purposely chose the wrbng spinnerx

in the hope of a "chance"‘succeés.

L

%
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. ~ TABLES 11 to 18

—

Categorization of Individual Tasks

- Reliance on the POC

A
B - Rellance-on the NPOC ‘
C - Physical setup of the spinne board and
spinner
D - Physical size or area of the spinner
E - A comparison of the POC and the NPOC
F - Comments that were not related to
; POC, the NPOC, the physical setup,
' the area of the spinner .
N . TABLE ,1 ) tz
- | Categorizatiop of ¥ 1DA
~ . J
- — —
A B c D E F fPoial
/ P ]
K 3 2 - /}~4h\\4///5
1 3 1 / 1~ 5
~ —~—
2 3 , 1 1
‘/,/ 5
™ 3 4 \3 .1 5
4 2, 1 1 1 5
5 ﬁb 1 1 1 1 5
6 N 1 2 1 1 5
7 1 1 1 2 5 -

j Total 16 5 2 5. 6 6 40

69



- TABLE 12

| Categorlz‘a’tioh of Item 2M
A B C D E F Total
. K ( 2 2 4
1 2 1 2 1 6
2 2 2 1 5
3 31 1 5
4 1 2 1 4
5 2 3 1 6
6 2 2 1 5 ,
7 .1 2 1 o 5
Total 14 - 5 8 2 1 4 10
TABLE 13
Categorization of Item 3E :
) A B c D E F  Total
. K 3 ' 3
| ,/—,\\1 ‘. - 1 5
\ "~ .
: \ - 2 6 6
‘\\ 3. 5 1 6 .
‘ ~2 ;
A 1 * T 1
5 2 1 2 5
6 2 Y 1 4
E ‘ 2 1 o 4 )
Total 24 0 1 KR 4 1 34 |
L ) v
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. TABLE 14 _ L
Categorization for Item 4D '

A B . C D E F Total N

K 2 1 3

1 5 " 6

2 . 2 6

3 1 4 1 1 - 6

4 1 1 1 1 1 5
5 1 2 2 1 6 :
6 2 1 1 2 6

7 4 1 1 6
gotal 23 - 4 1 2 & 8 “ o

¢ . A . .
TABLE 15

,_‘ﬂCaEegorization of Item SEC

; " ¢
K 4 S| 5
1 4 1 1 : 6
2 2 1 1 1 5
3 3 1 1 1 6
4 1 1 1 3
5 2 1 1 2 6
6 1 4 1 6 —
7 1 1 3 5

Total” 14 8 3 .3 10, 4 42




TABLE 16 oo
Categorlzatlon of 6D

A B ‘C D B F Total
K 1 1 1 3
1 " 2 | 1 2 5
2 2 2 2 6
3 3 1 N
4 2 2 4
5 1 2 3 6
6 1 3 1 1 5
7 2 1 2 5
Total 4 13 6 4 4 8 39
) TABLE 17

Categorization of Item TE .

- e

“A B C. P E F Total

K 3 -).;,.; 2 5
1 2 1 11 ‘ 1 6
2 3 1., 1 5
3 2 1 1 2 6
. 3 1 1 5
5 1 2 1 1 5
6 1 4 5
7 1 1 2 4
Total 13 8 4 2 11 3 "




. TABLE 18
Categorization of Item 8M

- A Cc D E F Total
K' 2 1 3
1 1 1 1 1 2 6
2 1 3 2 6
3 1 4 1 6
4 3 2 1 6
5 1° S 1 1
6 1 1 3 i 6 -
- -
7 .\ -5 ¢ 5
Total 3 5 3 21 9 42
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In order to investigate student strategies for choosing
one sploner over'the other when the spinners u.re’of equalr
~ proportion, five tasks were deslgned. These were IRC, 5EC,
7785, 8M, and BD Table lzgghows the frequency of students in
each grade who chose the left hand side or the right hand _
sihe for each category with spinners of equal proportion.
- The responses were categorized according to the left hand or
right hand of the experimenter.

| Por itens 8E, BH; and 8D, the subjects were‘shown

splnner sets which were identical in size, and in which the
number of sectors devoted to the POC and the NPOC each were
equal. The only difference between the spinners was the
orientation of tpe sectors. On'ell tﬁree tasks, the
majority of studehts chose the right hand side over the left
. hand side. The indlviouql'responses for item Buslﬂb1Cate |
that halg‘of the given respbnses.nade a concarlson between‘
the two splnners in therset (see Tqble 19). Most students
QId acknowledge that the spinners were the same, but the -
reasons for chooslng one'spinner over the other were varied.
For exe-ple, student 8G (Klndergarten)‘stated: "I could get
blue. I thoughtlit'ﬁould come on that one._(Experineoterk

)

"why?") V;Cause.' -Student CW (Grade 1) responded: " 'Cause

that one was nice and streil t and that one was crooked"

(referring to the orientatlon f the sectors). Student JS

(Grade 5) stated: "Well, they' ‘both the same. 1 just




' TABLE 19

Frequency of Response and Percent of Reapohsek‘
on Items of BEqual Proportion

Q/]f ‘- S  Grade/ \ - f

Item - - K -1 2 3 4 5 6 7 Total=

Rights 4 3 4 5 4 4 2 3 29 (60)

Left = 2 3 2 1 2 2 4 3 19 (40)
sxe |
" Right 2 2 3 3 6 2 5 4 27 (56)
- Left 4 4 3 3 0o 4 1 2 L 21 (44)
8E
Right 2 2 2 2 2 3 4 4 21 (44)
Left ' 4 & 4 4 4 3 2 2 27 (56)
8M
Rightt 2 1 3 3 2 2 o 2 15 (31)
Left 4 5.3 3 4 4 & 4 33 (69)
e o
Right 3 3 2 2 2 4 1 2 19 (40)
Left 3 3 4 4 4 2 s 4 29 (60)

“Numbers in parentheses indicate the percent
of responses for that choice.

“Refers to the right hand side of the 7 -7
experimenter - subject's left. :

Q

Q

AN
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want for this bpe because it's iy right arn.* rLsr(Gr;;Qﬁ;;r
stated: "They're both the same. But ﬁhencver I spun this
‘one I got blue and whenever 1 spﬁn that I got yellow,\so I
spun thlu'one.ﬁ .

Item 1BC had the sSne pioportion qf POC and NPOC, but
the number of sectors on eaqh spinner varied (experimenter's
left: 4 blue, 2 yellow; exaerlnenter's right: 6 blue, 3
yellow). The total size of the spinner also.varied to
corfespond to the }otal number of sectors. For this item
the pPOC Qas greater than the NPOC on both spinners and the
majority of students‘chose the side with the greater number
of POC. Individual comments were not available for this
item. ’

In item S5BC, for each spinner the POC was less than th?
NPOC, and the number of sectors varied (experimenter's
right: 3 blue, 9 yellow; experinentgr's left: 2 blue, 6
yellow). The majority of students (56‘5 chose the spinner
on the ;xperiﬁenter'a righf han& side of thé spinner board.
Thzfiﬁin reason given for the cholice was the greater number

of POC (blue) sectors on the larger spinner. For example,
student KD (Grade 3), stated: "Ig's‘nore blngr and it has
three blues and\this only has twowand it's smaller than this
ong.' Student PH (Grade 7), te#ponded: * 'Cause there's
'three blues and I thought that they'd have more chance than
tiying to land on just two." Two students recognlzed that

the proportions were the same on both splnnezs.‘ For
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example, student CB (Grade 7) responded: "They're the same .
- (eenie, meenie, points with finger). They're exactly‘the

same 80 it doesn't matter."”

r D a
For the items where a correct or incorrect answer was
possible (31 items), there was no significant difference

between the scores of males and females, F(1,14) = 0.64.
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Chapter 5
* DISCUSSION
The purpose of this research was to investigate the
level of probabilistic understandlhg at the various levels
in the elementary school in order to: 1) establish a
general age range (grade levels at which children have an

uhderstandlng'of the concepts of probability; 2) outline and

.discuss any recurring strategies which the subjects have

used to help solve probability problems; and 3) suggest a
grade level at which prbbabllity concepts and activities

could be introduced in thelmathenatlcs curriculum.

.
Summary of Method
A total of 48 students from Klnde;garten to Grade Seven
in a“Delta public school pgrtlclpated in the study.
Indlvldual sessions of approximately 30 minutes,
involving 36 tasks, were conducted with éach subject. For
each task the subject was presented with a’pair of spinners

of specific probabilities and asked to choose the one where

78
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‘the pay-off colour (POC) would come up when the polnter vas .

spun. The choice .of the subjeét and the outcome of the task -

were recorded by.the exberlnantet. ﬁpr céitaln pieleiocted
tasks additional infornatién fegarding thekaubject'g'cholce
was solicit?d by asking for the teésons behlnd\the
seleétion. o ‘

'fhg sgssion-scorés wvere tabpléted,Aand thg percenf er
correct tesponst)fot each“iten at éach grade IQVerwas |
tabulated. Tﬁb'percent ofiﬁbrrect response for eaéh level‘

of difficulty (easy,rméalun, difficult) was also determined.

Strateay B SN~ T
Although most qf the percent correct responses were
above chaj ,'the verbal response to questioning indicated
that speézigc features of the spinner served as indicators
of success for the studentg<\rather than a calculation of
ratio. Five specific strategies were uﬁéd,by the subjects:
1) reliance on the pay;off colour; 2) reflance on the |
"nonpay~o££ colour, 3) the physical setup of the spinner
board and the polnter, 5)’:::”bhyslcal size or area of ‘the
| sp;nner; 5) conparlson\between the pay-off colour and the
nonpay-off colour. Slé}lat to the‘z;sults of Falk, Palk,

: / . ) .
and Levin (1980), many of the children in Kindergarten and
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Grade One stated the placement of the pointer, or their

favourite colour, or shger will made the pointer stop at the

pay-dff colour. Thésebstudents tended to concentrate on one

- aspect of the task. Older students sften made comparisons

between the eienonts of the task. They cons}dozéd both the
POC and the NPOC, but they looked at the relative number of
elonants,bf each éolout, not the proportion. The;e were
only ° wo students who calculated the propor%ﬂon of the
elene::i\of\the tw& colours. R

Falk, Fglk, and Levin (1980) found that a few subjectsl
lnteqratedikhé numbers of the POC and the NPOC by using a

strategy which involved the computation of dlfference

between the numbers of elements of the two colours rather

than their ratio. Although this study was designed to , e

accommodate the difference strategy, no students

ldei&esttaq?d'that techniQhe to select a spinner.

~

The Role of Conservation
Falk, Falk, and Levin (1980) found that understanding

ratio and proportion is presupposed by the principle of
1 ~ :
conservation. This means that the QT!B; and number of

] pbjectg within the set can be different, buf the proportion

;

can remain unchanged. The understanding of consefvatlon wvas
!
lnvegtlgated through palrs'of spinners with aqual

proportions.
. 7

A

In the %te-s vhere the spinners were 1dedt1ca1, some

i
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students at each‘gr&de reéognized that th;fﬁiit;mbéth tﬁa
same. Hoveyer,‘when'the spinners had théssanalpropOttlon,
but were different tﬁ number of POC and NPOC, iqnyvatddents
did not ;ecognlze that the items had the same problbility.» s
An'undef;éanding‘of the conservation of size, and number in

-probability activities was not evident in most students.

kearning Probability
Falk.et al. (1980) state that there is a éotential
for discnimfnating betwean probabilities at about the
Beginning of Grade One. Although the results from this
study show no specific grade level emerging as'the
definitive point for beginning the 1nstructlon of
ptobabillty concepts, the tesults indlcate that Grade One
‘students dia perforn at an above chance level (74t) on 31
1tems, although thelt ability to verbalize the reason for
their choice of spinner was limited. The upper threshold
for percent corxrect by chanée is about 57t‘(qrof‘1tens -
'31, n of subjects = s,o(-‘o.os).’_ |
b Falk et al. suggest that practice playing probability
games and "acquiring experience with the operation of random
processes may promote the existing poténtlal' (p. 199).
They also suggest that exposura to probability activities
will enhance the ablllty of chlldten to attlculate the
explanation of their choices.

The teshlts of this stpdy supﬁort the conclusion of



a

Falk et al. that Grade 1 would be an appropriate level to
begin intrgducinq probability tasks through games and group

activities.

; :

Thlg study was linlfed.t; one lérge ele-enéaty school
(about 650 stugéhts) in a middle-class nelqhboqrhooa;; The
results of this study cannot be applied without
consideration of this variable. Thg_results could vary
éccozding to socio—;cbnonlc status and school size. |

During the sampling procedure, eight students from the
initial random selection decided not to participate. The
reasons for not participating Qete varied. Two specific
reasons indicated were: 1) the student's lack of ab;lity in
mathematics; and 2) the concern thit probability tasks
epcourage gambling. | ‘ .

Two iain ptoblels'occugred during th;\aatadégilection.
The recording of individual verbal response was to be
ongoing fhrouqhout the experiment, with the experimentét .
asking questions abéut each itenm. Howeve*, after completing
a couple of sessions it was evident that the sessioné“uere '
exceeding the time constraint and specific qﬁestionlng had
to be limited thapecific tasks. The selected tasks u@fe
marked, but one task (3E) was inadvertently left out. This
was not noticed until the first day of the study was

— . k
co eted and consequently resulted in a loss of verbal
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/’Jﬂ*x;'
response data for task 3E at the grade seven and the gr’de
four -level. Second, one tape was unknowingly recorded o9ver,

eliminating the verbal response of ope kindergarten gnﬁaect. N
. ) - ,‘ .‘~“\f :

£ ™ ;
estions f rther St N
Four specific areas which.could be add d ln\igish9g/i

studies are: 1) the physlcalvsetgup of the splnner‘board,

specifically the arrangement of the colour sectors; 2) the \\\

’ Aievel 61 probablllstic underqtand{ng of students over.-the

age of thirteen, for example, in junior secondary school; 3)

the strategies used with spinners of equel ﬁ;oportlon, but

different nuqbers of POC and NPOC; and 4) the individual

verbal responses. _ ' . ‘ ' ' \\\\*
"In this study each lndlvidual splnner‘w;s composed of

equal size sectors. The sectors were outlined so the

subject could cleérly see how mahy gectors were coloured R

The arrangement of

blue and how many were coloured yellew.

Ll

the colours for éach splnner;jas notY controlled. When it
5 ;

was possible the doiouts were altgrna Y spaced. However,

a number of.subjects used the arrang:::§§\9£'the sectors as

a reasog‘fqr theircholce&\ These subj;cta-choae the spinner, (/XA‘
where the sgétors that were coloured the same were icked
together. It woﬁld be lnterestlnq to investigate wh ﬁher
gr?uplng the same-coloured Qectors together would change the
re;ults of'the afh Y.

The oldest sftudents in this study were 13 years old, in.

' 5
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Grade 7. Thete was no lndlcatlon of an age. ranqe, or qrade

. 1eve1 where probablllstlc understandlnq was evldent

"\,.,. LI

Fugther study with older chtldren ‘who have nqt been exposed
to probabillty lnstruction would provlde addltlonal data to

lsolate an age range where an understandlng of probablllty t
is evident -in the'majorlty of students. Alternste'
strategies, such as thew”dlfference nethod" noted by Palk,
Falk and Levgn nlght also be ihvestlgated.‘ . .

In thls study, two ltens had splnners ulth an equal

proportlon of POC and NPOC whlch were represented_by a’
dgtferent number sectors. Host of the students daid notv
fecognize that the probablllty of-'achieving the Poc- on each
splnner in the item was equal. ,Anpevaluatlon of the’ ‘
strategles,used‘by :ndivldual.students on the items with B
spinners of equal proportion codparedatb those spinners with
unequel propbrtIOns was-notfposslble‘as lndlvlduel verbsl »
‘responses were not ava}lsbletfoz all items. Falﬁ, Palk, and -
7? Levin (1930) predicted "...that a child who seeks the set

| with more . POC elenentslwduld select the expanded fraction, .
A whereas a child who prefers the set with few NPOC elenents

would select ‘the reduced fractlon” (p. 197).

) Studentsfwere asked to ‘explain their reasons for °’

N
selecting bertlcular.spinners in several items in order for
the experimenter ‘to undepﬂfhnd the student's perception of

’ the task. The reéults show a disparity between the verbal

explanation and the achievement on individual items. Verbal
i » : _/ -
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achievenent seems tO laq behind perfosnance achlevenent—as—~f‘*

‘the students perforned above chance level on all tasks, but

W

‘often the explanatlon for the cholce of spinner was unclear.

-

Hithout 1ndividua1 verbal responses, it 1s possible for the
. data to nisre;resent the level of understandinq of the task j
)x[‘the students. A more detailed’d;scussion yith the N
students on each of the tasks could provide.s,betrer

7 ﬁnderstand1n§ of the reason for the shifts in strétegy.

Palk ettal. (1980) suggest that the’ ihdividual verbal .

responses must be secondary to the performance on items

becsuse the lack of the ability to clear}y artlculste a

reason for a choice does‘not'nean‘f bject does not .
understand the task. waever, it remains that the verbal -
responses do indicate rhe students?yho use irrelevant

principles, sugh as bointer“ﬁlacenent, as the reason for

their selection. -

0

3
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A . SIMON FRASER UN'IVBRSITY N f ‘ "_8_‘9."
wenvormemox gEE | MmAmmcowsawwss L
, February 26, 1985. . »
A c ’ . ‘ I/I . v L:""

. Dear Parents, oY T e
1 am about to begin a resesrch-project at Gray Elementary Schoow R
~ purpose of this letter 13 to ask you to give permission for: your child to L
participath in this project. The profect has been approvéd by the Delta :
School Distetct (#37), and by Mr. Archidald, the school principal. It has S
al30 been cirefully exanined and approved.by Simon Fraser's University's.
Committee on Ethics. . - ' . e S
_ The purposé of this project is to learn about. tha development of . s
- probability concepts’ in slementary school children. Probability concepts : L .
= . will be included at all<levels of the revised Mathematics curriculmm, This -~ - . .-~ .
- " research will explore children's acquisition of this concept. Each pupil S .
: participating 1a this research will be excused from class for about 30 minutes. -
o 1 wil) be working 1ndividually with each pupil. - The pupil will be shown two
. - spinners (similar-to thosé used in board gases). The student will be-asked to :
. . point to the spinner which has the best chance of producing the "pay-off colour'. ‘
The spinner will then be spun and the 1ts will be recorded. A series of » ‘
trials {avolving different pairs of spi will be faitiated. '

4 Participation in this project will have no betring oa your child's regular ‘ :

, classwork or grades. Your child can “ithdraw his/her participitton, partially - , BN e
’ or fully, at any time. The confidentiality of response of {ndividual students , o
o will be strictly maintained. - - : . r & : -

Please f111 the blanks below and have your child return this letter to the
. classroom téicher tomorrow. {f you u:fuld 1ike more Information about this . Sl .
B © .. praject, please phong me at Gray Elementary before § am or after J pm, ., e

* - . - . . . . .
Thank you very much for your\tfind consideration, L . L
g S o Yours sincerely, o |

4

Mrs.-5: Higginbottom

Or. T. 0'Shes

IS E TR R LY PR Y DS LR P P Y YT Y P Y Y Y R Y ) on .-...-...................,--. ----- L

!»wjﬂ perait my child, ) o :.-,t;b participate

. In this project. yYES -7 - -

Slgmtu'rqc*q( Parent or Guardian L ‘.‘-f
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. o TABLE 20 ,
o Codcs for Item LeveI Responses

-

a

Variable

: Qoac‘

1, 2 Student ‘Number 01 to 48
S - o

3 ' Gender l = malek%’J' .
S ‘ 2 = female

4 Grade 0 = kindergarten -

Age (months)

1EA, 1EB
« - | ;
10 ‘1EC
; — . I
11 to 16 1MA, 1MB, 1DA
"1BB, 1DC, 1DD
17 to 19 2E, 2M, 2D
120.to 22 ° 3B, 3M, 3D
23 to 25 4B, 4M, 4D
26, 27 SEA, SEB
28 SEC
.29 to 34  SMA, ‘5MB, SHA
.. SHB, SHC, 5HD
'35 to 37 6B, 6M, 6D
oo o
38 to 40 . 7B, M, 7D
41 to 43

8B, 8M, 8D

(WN WO HO HO KO HO WN
L} L}

WN MO HO RO
"

1 to 7 = grades 1 to 7

e

incoziect choice
correct choice ™

T =O
nn

left-hand side
‘zight hand side

incorrect choice
correct choice

incoriect cholice
correct choice’

[ Pt
>

Y'Y

incorrect choice
correct choice ’

,incorrect ‘cholice
cozrect choice

f-incorrect choice
= cozzect choice ’

= left hand side
t right- hand side

= correct choice

= ‘incofrect cholce
‘correct choice

= incorrect choice

.correct choice

left-hand side
right-hand side

= jincorrect choice N

a8
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. APPENDIX C, ‘

PHYSICAL COMPOSITION OF TASKS
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