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' 4 A ABSTRACT N

The purpose of this study was to investigate whether students
in grades three and four have\an intuitive understanding of Bix
‘concepts of - probability. The concepts testec were: sample spaceL
single outcome event, sample space-ordered péir outcome event, equally
.likely event,.more-likely vs.kless likely event, impossible vst oerf
'tain event,‘and probability of a simple event. ‘Variables studied as
“to their relationship to subjects' performances of the probability
" concepts were:r age, grade,.sex, verbal IQ, nonverbal IQ, mathematics '

_concept achievement, and mathematics problem solving ability. 'Each~\a

. F 3 E . )
'~ concept was tested in. each of three instructional modes ‘concrete,

pictorial, and symbollc.

N

+ The sample used in this study consisted of 60 grades;three'and
four students of a suburban elementary school. The sample was
selected to .ensure 30 girls and 30 ‘boys. All 60 students who were © -

selected were able to complete all aspects of the testing

Standardized tests, lhe Lorge—Thorndike Intelligence Tests, Level

\

_3 Form A, Verbal and Nonverbal Batteries and the mathematics section .

EY

of the Canadian Tests of Basic Skills—Form 1, were administered to

the students as a group. From the results of khis testing the ]
‘individual‘IQ‘scores and mathematics achievement percentiles were
bobtained SubJects intuitive understanding of the probability
‘concepts vas tested by means of a 36 question probability test. This
test was administered by means of a. personal interview with each

Subject _All discussion was audiotaped for 1ater analysis
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N One—wey analysis of variance and statistical correlations werex“

‘.used in the analysis of the resulting data

The analysis revealed that grades three and ‘our students had

“an intuitive understanding of four of the six concepts. They wer%-
9 \\

T —

,:,sample space-single outcome event equally liﬂ‘ly‘eVenti‘more likely .

less 1ike1y event and impossible vs.certain event The variables-

<90f age, grade -and sex were not found to be significant in deter—

= K g

e

\mining subject s performance on the probability test . Subjects IQ
and mathematics ability were" found to be highly correlated to their

. overall probability test scores.‘ The different mode sequences had

4

no significant effect.on subjects"total‘test scores,_.‘”

o
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~ INTRODUCTION TO THE SJUDY i

 GENERAL INTRODUCTION (
'
iThe notiqn{thét ce;tain concep£§ of‘probability can‘bé'aﬁd shouldl
>bé iﬁéluded in elemenﬁa;y mathema;ics burficul; has been suppo}tgg by’
receﬁﬁ.research studies. JSquire (1978)Jstates "that provision be
madgﬁéof inforﬁél éonsolida;iog oﬁ'eﬁisting concepts and ideAS'(of
. o . . ) _ .
probability) for gradés one and two and a wider raﬁgé‘of gctivities
‘and experiéﬁces-from gradétthree onwaids in Qﬁichwstudents are led to
: fu;thér cﬁncepté and into quantification of proBability." (absﬁraét)
Cohen (1957) éiéims that the system-df edﬁcaﬁion ugéd in tqdéy's
scﬁqdls dées not gi’!'s&udents the opportgnity.té"deyelop‘skilLs ini
récbgnizing degreeé of upcertainty‘butvleaveé them,with the impression
;Hat.every que;EiBn has a singlg definitevaﬁswer. He étates,‘"0uf~

.‘éeveryda& speech is made Qp in—larée parfvof words.like Wprobébly',
“'many.', 'soon', 'great', ‘littlé'r What do these wor's mean?" (p;1$2) 
If~education today is_fo fulfill ;ps goal,‘of prepariﬁg citizens t§
live in a éociefy'ghat i% both,ﬁncerﬁaiﬁ and.pltraliétic by its very

o . B . - o .

. hature, it must be pgepgred to accept the chailenge that certéin
probability concepts canbbé devéloped'at -~ ght ivbthé éiementary
mathematics prograﬁ;;_The‘questiﬁn arise., dJo studenté-lﬁ the lower
and ‘middle eleﬁenﬁary grédes have the intuitivebbaquroupd to grasp

: . —_— ‘ , ,

- .the concepts and methods\of probabi_ity theory?'_Reseérch_séys YES.

|



" BACKGROUND OF THE PROBLEM

In the education of children the implanting of important
" mathematical ideas should take place as early as possible.
© This principle holds especially for the study of chance
phenomena. Probability theory is pne of the most multi-
faceted branches of mathematics,. ahd its study requires an
introduction to a large number of new and unusual concepts
with which pupils need time to become familiar. (Engel,
1966, p. 771) '

Piaget and‘Idhelder (Translation, 1975)>claim that students’
hevelopmentiof notions about probability begin as‘early in life as
'four years. This'early developmental stage continues to. formulate
until the age oflseven.lehe'second developmental/stage bccurS'between
the ages of seven :nd eleven. gost students will havg\conpleted grade
five by the end of it. ‘Their (Piaget and Inbelder) experiments in-
.dicated that during this stage students do understand probability '
concepts. ‘They concluded that the ideas of random” mixture,‘regular
cndvirregular distributions are developed during this stage.

Ross (1966) and.HOemann and Ross {1971)‘concur with'Piaget and
Inhelderds conclusions. They (Hoemann. and ﬁoss) found that students
by the completion of grade four have mastered probébility concepts
which consisted of 51ngle—array tasks and comparable two-array tasks
Offenbach (264, 1965) determined that the sequential nature of

probability ta:-«s was understood by grade four students. He also

concluded that students in grade four tried to- find a 'rule" that

|
: . : : -

would govern the occurrence of events. This allows students to deter-
mine sinple probabilities (often referred'to in literature as the-
'quantification_of probability).

-Several survey studies have been conducted by graduate students

which investigated whether elementary students have intuitive under-



-~ - * | o

_standing of specified probability concepts. Doherty (1965) determined
that students in grades four, five,'and six have acquired considerable
intuitive undérstanding in four probability concepts tested Leffin
(1968) studied three concepts with students of grades four through
seven. He found the students were able to understand and apply the
concepts tested. Mullenex (1968) also concluded that selected concepts

of probability should be included in the elementary mathematics curri-

Y

Y v
5 .

cula. -

Jones (1974) tested.five probability concepts and Squire (1978)
tested s’ concepts.w1th students from grades one, two, and three in
independent studies. Both, ho&ever, concluded that an-intuitive

understanding of probabllity concepts 1s present at these grade levels

and 1nstruction in probability could be introduCed into the curriculum

., beginning at. grade one.

~Shepler (1969), Gipson (1971), and McLleod (1971) have success—
fully taught units of probability mathematics to elementary students.

i
Their studies‘involved students from grades two, three, four, and Sigz
Each concluded that successful probability units'could:be,developed
and taught at the respective’ grades l.~' |

Emanating from the research, reports have been developed which
indicate thatdthe inclusion_of probability into the elementary curri-
bculum is feasible. The Cambridge COnference on School Mathematics
(1963) concluded that probability should become a vital and appropriate
component of the elementary mathematics curricula. Widespread accept—-'
ance for”such an inclusion was reported by the.National Advisory ‘
Committee on Mathematical Education (1975).

There is,vhowever,va‘noticeable absence of these notions;fromﬁx

P4
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,}:;approved elementary mathematics curricula in gost of North America;

This. apparent 1ack of interest is not the result of a lack of pre-

\

pared materials, however Two examples, the Macmillan Company s

published textbook What are the Chances (1963) and the School

Mathematics Study Group publications for teachers and students‘?k

Probability for Primary Grades (1965, 1966), provide an indication of

~what is available‘_ The fact that probability does not appear in the

the probability test questions on the subjects' performance of the /

majority of elementary mathematics programs seems to be a direct
result of the decision making polieies of curriculum writers.. Thereé,
fore the majority of elementary students still do not have the oppot-
tunity to study’probability.‘ Cohen (1957) claims that this results in
students not béing able -" in short, to interpret and become masters:

v

of their own uncerta:nties’ (p. 138) .

. , \ STATEMENT OF THE PROBLEM

N
AN
N,

AN oo o
The purposes of the present study were: (1) o determine if

N

grade three and four students have an intuitive understanding of 51x
basic probability concepts, (2) to investigate the effect of the
factors, age,.grade, and 'sex on the SubJECtS’ performance of the
probability tasks, (3 to examine the effect of the mode embodimentuoy

/

/

,’/ ‘

_ probability tasks, and (4) to ‘determine if the factors of IQ and .

mathematical achievement can be used to predict subjects performance
v e :
of the probability tasks:

- The first purpose was. to consider the following six probability

concepts:



A. sample space —'single'outcome,
B. sample space - ordered_pair'outcone,- : B o /~:1
C. equally. likely, - '
‘n{ more iikelv vs. 1ess likely,

E. impossible vs. certain,

Y . \
hY

F. probability of simple events, _ | - :
;Definitions of these concepts are contained luter in this chapter}
| TneAsecond‘purpose nas to consider :he effectﬂthat'age;‘grade;
and'sex ma; have on the learning of probability,concepts: Their effect
on stud i Derformance .was investigated as part of this study

Bruner (1964) proposed a three stage model of 1nte11ectua1 devel—

opment: 'enative, iconic, and symbolic. These stages ark-referred to

" as concrete, pictorial, and symBolic in this study.  Bruner (1967)
R : o :
further-generalized that an Optimal sequence of instruction would

employ all three ;tages Kieren (1978) suggested the need for more
research on the use of manipuIative materials on the effectiveness in.
teaching:natpematics at all} levels of' educatiom. Higgins 1‘(\L9]6) felt
" that educators had a general agreement.on‘the‘use of physicalioojécts
in mathematics education;_particularly for younger:chiidren; ‘Apthird
purpose of tne study was t§7examine the'effect ofthese\stages or mode
.emﬁpdiments . | - 1 ' ) | S . \

\' The\rourth purpose was. to determine 1if students verbal‘and non-
lverbal IQ scores and mathematics achievenent percentiles could be used
as valid predictors of their performance on probability tasks. No
.attempt.wasimade to determineithe effect of such factors as socio-

. N

economic status and home environment. Neither were factors such as

“vocabulary, re‘ding‘ability,'listening ability, and visual ability

. . . h ]
. . \ o .
£ . . . A



| s
#onsidered'in this study. Many of these factors would be worth_r'

ot o, . ' 4 . ) ’ -‘_r - e
examining in further research projects.

S

DEFINITIONS OF TERMS \

For the'purposes of‘this study, the following terms will be used
as.defined. | \ |

- Verbal 1IQ - The measure of an indiuidual's abilitydtodunder?
stand ideas expressed in words. |

Nonvefbal IQ -~ The measure of an individual s ability to

1

understand 1deas expressed in non-word symbols
. 1 Il :

Mathematics Concepts - The notions or 1deas in mathematics that

relate to the understanding of the number system mathematics terms,

and operations .

N , :
Mathematics Problem Solvi;g ~ The notions or ideas in mathema—
\ .

+ tics that relate to the finding of1mathematical solutions to Vritten‘

mathematical_problems.

Prohabilitf Concepts - The notions or ideas in mathematics that

o

‘relate to determined Outcomes of chance or of random selection.

Sample Space - Single Outcome Event (Concept A) - The identi-

fying of any one of several possible solutions of a probability

’

question.

FY

' Sample Space -~ Ordered Pair Outcome Event (ConceptlB)'F The

idemtifying-of any one ofnseveral'possible.ordered pairs which consti-

tute: a solution of a probability question.

Equallnyikelj Event (Concept<C) - The identifying of alterna-
" tive outcomes which could occur'with equal frequency. *

@



'

More'Eikely’VS.eiess‘Likely.Event (Conoept D) - The identify—‘

ing of specified alternative ‘butcomes which ar%\more likely or less
- ’_1ike1y to occur. - L . v ‘ \ ,
[ 2 - -

Impossible vs. Certain Event (Concept E) & The identifyiﬂgﬂof

a specified alternative outcome which could never: occur (impossible

event) or which would always occur (certain event)

Probability of a Simple Event (Concept F) - ! {The identifying of

l

the probable frequency with whicn a specified alternative outcome

would occur. _ o ’ : ' »

Mode Embodiment - The_concrete, pictoria1, or symbolic

1

. : ' . : -
‘representations of- the probability questioms.

' ‘Concrete Made (Mode I) - The use of manipulative materials such

as a‘spinner, some marbles, several blocks, etc.

]

" ;\b Co Pictorial Mode (Mode II) - The use of ﬁictures of the nanipu—'
*~ lative materials:

Symbolic Mode (Mode III) - The use of verbal descriptions qf

manipulative materials.
o A ‘ HYPOTHESES TO BE TESTED

Null Hypotheses'

-

'.1,' Given subsets ofbscores of the probability test, as

3

‘determined by age, grade, and sex, there is no significant difference-

v

. between the means of those scores. . ' : .
. . . |

2. There“isinoisignificant relationship between the subjects'
'scores on the probability test and their respective scores on stand- |

ardized tests for verbal IQ, nonverbal IQ. mathematics conceptsvachieve—

|

P e : A
L. 1
-
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ment percentile.

. considered in paifs}x'

—3}‘ Given subsets of scores Offthe proﬁpbility test, there is.
< . ‘ Lo -

no sigﬁifiéanf relationship between thé'subjects' obtained scores in

nthe concrefe mode, the pictorial mode, and the symbolic mode when

;
4. Given subseté of séores,of'the.probaBility test; there is

no'significant difference between the overall mode sequence mean and'
B . |

. the mean in each of the six mode sequences. ' -

[

explanatiog was given to each subject that the discussion was to be

) ‘ o » .
5. éivgn subsets of scores -of the probability test, there is

1o significanf rglationship bet&een the subjects' obpained scores for

concepts A through F when concept scores are considered in pairs.

LIMITATIONS OF THE STUDY ' o7

\ ,‘ R ' o .
' 1. Personal factors: There was no attempt to determine the

influence of sogio-economic staﬁﬁs; motivational level, or the effect,

- that different social experiences may have on the responsés of rural

and urban students.

\ * 2. Motivational factors: There was no deliberate attemptsto - -
A oo . . .

AN \

motivate the éubjects;"At the beginning of each interview a short

[

. ' - . - : 1
audiotaped. This may have had some motivational effect. S

3. Instrument factor: The probébility_teét»could be regarded
as a limitation of the study since it was designed by the reéearcher-
énd it was not velidated. .

4. Sampling factor: The sample for the study was selected

from one school in a large metropolitan area: The subjects were



selected by the administration of the school on the basis of equal

o
)

numbers of male and female. No further attempt was made to randomize
‘the sample for a large population.

N

ORGANI&ATION OF THE REPORT

Chapter 1 codntains the overall and specific statement of the

Aproblem to be studied. A review of the lité;ature pertinent to the

stuqy is contained in Chapter 2. Chapter 3 contains a detailed

R : ’ "o T

description of the experimental design, the 'IQ tests, the mathematics
achievement tests, the development and administration-of the -

probability test, reséafch—prpcedures and the statistical design used

to test the hypotheses. Chapter 4_presenﬁs the data that resulted

Ed

fromvthé study and all analyses of the 'data. The fifth and final
chapter includes a summary of the study, a discussion of the
'\fconclusions, implications and suggestioné for further résea:ch.

/

\



Chabter 2

[

T REVIEW OF RELATED LITERATURE

\

1

> ¢

Is probability foo.abstracp for use.in the element;ry'schobl?
Do children believe that there is én'exact answer forvéll ;athemaiical
qﬁestions? How often are ch%ldren asked tO-interpreﬁ terms such as:
maybe, sométimes: 1iké1y, pérﬁaps, etc. These éueétions and Qﬁhérs
have led resedrchers to examine the value oﬁ probabilit? for the
elemep£ary schdbl student; Shoula not the educational»systeﬁhequip

' .the child with the basic- skills and ideas of probability? - k&\

\  Research indicates that students of ages four and vpward ca
show ingerest;-enthusiasp,-and,a degree of understanding toward basyf

\

coﬁce%t# of probability%iven tﬁe'appropriate\situation. Bruner (1962)_

\

qdqted/lnhelder (Piaget's associate) in support of the readiness.

.concept in early childhood. Ky
The teaching of probabilistic reasoning, so very common and -
- important a feature of modern science, is hardly developed in
our educational system before college. The omission is

probably due to the fact that school syllabi in nearly all
countries follow scientific progress with a near-disastrous

time lag. But it may also be due to the wic.spread belief that
the understanding of random phenomena depends on the learner's
grasp of the meaning of the rarity jor commoness of events. And
admitted such ideas are hard to .get across to the young. ‘Our
‘research imdicated that the understanding of random phenomena
requires, rather, the use of certain-concrete logical operations
well within the grasp of the young child -- provided these
operations are free of awkward mathematical expression.

[
v

" Thus it appears that students in the elementary grades do have
. the néeded readiness”factor to study probability. o

10



11

\Concept Development Stages
for purposes ef clarity, the’research reuiewed'here will:be
divided into three sections. bﬁech of these three sections‘will deal
with research connected with an age group <8 subjects as determined
by the research of Piaget and Inhelder (Translation, 1975) Pieget:
and Inhelder divided students development of understanding of

t'probability notions into three stages: 3 . -

‘(a) The first stage - four ﬂP.seven years

: ‘ -
(b) The second stage - seven to eleven years
I(c) ‘The third #age — eleven to twelve years
~A. First Stage
. ' i
Piaget,devised three experiments to test subjeCts aged four,td\
seven Years.
The first experiment involved an open rectengular box which
‘rested an .a transverse pivot allowing it to seesaw. Eight red balls
and eight white balls would come to rest-at the declined or resting
\end.‘ Each subject was told. and shqwn how the box tipped, al T

Athe;balls were held in‘plsce."THe»Qas then asked.tovpredict the
position of the balls if the box were tipped; dTniS'procedure wss
;ebeated allargé numbem of times. All subject‘respcnses were

v recorded} N \‘ ’ |

'Pisget's second experiment used a heads and” tails.idea. The

discs consisted of white counters withve,circle_on one side and a
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cross on the other side. The number of counters thrown at one time

varied in number from 10 to 2Q at the exBerhnentet's discretion. ?he.

results of each throw-were recOrded in number of eircles and number_,
' .)

of crosses. After each throw the subject was to predict the next

[ e

throw ] outcome by using the results of previous throws Then without
1etting the child realize the substitution, ‘the experimenter threw

. about 15 counters hav1ng the cross on both sides. This served as a

‘ ‘ : S , A

control factor in the experiment. The experiment wasdrepeated untjl
T . e ‘ .

a sufficient understanding of the child's reaction was obtained.

A sack of twenty. red and twenty blue marhleSuserved as apparatus
‘ . . o - :

for the third experiment. ‘The child was'asked several questions on

how the marbles would appear if drawn randomlya iThen he was‘given a\

. ‘sack with only blue ones. This matched the situation in the second
experiment in that the counters in the second set were similar in

.~ ‘appearance and number.to those in the first set except they had

e TN

\ v crOSSesvon boﬁh‘sides}? In the sack‘of blue'marbles,‘therelﬁas
simplycancahsence‘of'éhe red marbles which‘the child expected to be
, there._ This type-of’c;ntroi often gives,the surest‘indexhof the
judgment of probabilities%of which the child'is‘capable (Piaget, trans.
1975, p. 97). | L

§—-i_i____gn;analyzing responses given by the subJects in the first
\\

\-»w ~exper1ment Piaget conciudEd‘that—they—either_denied.the_progressbr/)//////

\
\\

mixing of the balls or thought of it as too regular. Either responsef
; avoids the idea of change’~ He. also stated that "the child does not
suspect the true nature of,random mixture and tries constantly to

~ . . he

‘find within the disorder, which‘he considers'as only apparent; ?:’



" hidden order of some kind based,onltheicommon properties{ofuther~f—b T

o

. elements"‘ (Piaget, trans. 1975, p. 218 - 219).  As. a result of -

. o R . . . - P
experf%ents two_and three, Piaget concluded that children at this /
age will give predictions that appeat to be based on thé"‘brobabilinty~ .
—_ e T v ' R
concept of compensation,—However it is an intuitiye/gotion'based on
, - o o
a theory of "each one gets his turn". When confronted with trying
to explain why the counters turned ‘up all crosses (experiment two) _
/ and similar;y/whyrall_the_marbles.in the second-sackvwere'que s /////

.(experiﬁent three), the students referred to the,ne’ situation’ a B
XE _ , -errec | , ’////5 |

-~ trick or showed‘signs of confusion. Piagetxexpla

as- the child*s belief in a hidden order which is made/manifest in the
/ .
frequency of event A or event B. Stating/this/another'way, the -child™

willxmost 1ikely'make his choice on;théibasis of the initialvorder of

——~—‘marbles }I Ll get red because it's first), ignoring ‘the mixrng of - e

elemepts in the bag (Yost Siegel Andrews,'l9 2)+

/ ////f/i Recent research ] id a tendency'to negate-the WOrk of Piaget;'
’;//,,pro £ded the child had an apprd%riateﬁenyironment7;ithin which to
work. Sone»studieslfeyealedlaxpositive factor when a form of reward
biﬁi‘was'incorporated; | "
‘: In a comparatiyevstudy with‘deaf and hearing children as'subjects,
_;i Ross (1966) Stated that children of this age do have so (o) abilityn
A knowledge in favor of prevai

box was placed‘before-each subject . The examiner then placed into the

g-majority odds. In his_study he

the‘problem as a'puzzle.” Allarge heavy black cardboard.

-box a pfhdetermined number of yellow balls and green balls., The

subject was’then_asked to pick a .ball from the bog by reaching through’
.. . - f
o o ‘ : | ‘
- : ‘ : : V'

i
|



iﬁa flap. Before he actually picked the ball he was asked to predict"w

il

the color of the 'ball picked,’ He could do this by pointing to the

o

/ .
yellow ball or- the green ball previously fastened to'a board in front

/of’h////lrhe could vocalize the answer A casual examination of the

. i

: 2
predlctions of the seven—year—olds (16 subJects), showed that they

jsimply altered color prediction Ross (1966) concluded that present

results make clear that children who alternate predictions are not
~3consistent1y making & connectbfg,batwéén/the/p;evious event outcome ’
and the following prediction but instead alternate predictions with—

out regard to previous event outcomes . "It fan also be noted that

[ . e T
. . .

_the child who.alternates his predictions does so-because'he believes'l

the different colors take turns. This is in conflict with Piaget s

®

-belief that children predict on initial order. Ross further‘claimed
T e

each prediction was considered as ‘an independent,event”‘ Even children, -

9

chronological age 7, showed some'understanding'of“prevailing majority“ -

~odds. - . - o

w

. In a 1ater study Hoemann and Ross (l9l1) studied’childrenAWith
mean ages_(year-f months) 4—;, 640, 7-5, 10—6, in an enperiment which
was'designed to use discs and spinners - The discs were constructed C
of papﬁr, 12 inches in diameter havinquifferent patterns of black :
"and white wedges. Each subject was given 2 discs and he was required.

ﬁ?B‘cﬁoose a disc he preferred to spin for the color named by the
examiner (probability task) The discs were changed with every‘
question~ The 20 pairs of discs were stacked on 2 pieces of plywood

in front of the subJect. 0f the 36 questions, half the questions\ ad

. the left disc: as, the correct choice and half the trials had the right
N n
; .
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TABLE 1

MEAN PERCENTAGES CORRECT BY CHRONOLOGICAL AGE
. ! - !

(r IMANN AND ROSS, 1971) \
1 #
&
0dd differvences : . Chronological age
4 -6 ’ 6-0 7T -6 -6
% . |
: 12 83 93 ; 98 100
fod . . . 1
PR VA an 87 94 97
/8 - ' 62 : 82 o U . 9
combined s LT 94 97
: .
X

L ’
disc. .In addition:half the discs were solid black or solideh%te-i

while, the remaining'disgsdﬁad‘alternating black and white éegments.~.
TABLE 2 .

'MEAN PERCENTAGES CORRECT BY CONTROL FACTOR

(HOEMANN AND ROSS, 1971)

NE
Odd differences ’ - Chromological age
h-6 60 7 -6 . 10-6
N .
12 92 : 99 . 100 100
: 9

V4 - o 80 [ ) 97 9

1/8 R I (1] 9% .96,
combiaed . ’ [T 9% Y 99

‘ v
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'To serve as a control to the experimént, Hoemann and Ross asked
v

A _ ' )
each subject questions based on proportional tasks. The subject was
to indicate which of the 2 diqgs"had the most black (white) in it.

| For these questioné the sﬁiﬁners had been removed from the discs.

The data show that the understanding of cdnceptSvof

probability does not necessarily contribute to correct solutiofs since

they can be‘predicted from the ﬁoh—probability‘task. S l!

.

Thereforé Hoemann and Ross designed a secbnd‘expEriment.uéing o

t&gnty subjects, 10 boys and 10 girls in each'of seven age_groups.‘
P . ' : ) »
' Each age %roup had limits within six months ofrgpe,mean.ages 4-3,

5-3, 6—2,(7-—2, 8-2, 12-2, and 13-2, (1'410_ éubjects). " The task was
'for.the‘subject to'ipdicaté‘nonverbélly with a‘single spinner which’
.cblor4th; pé}nter would point to wheniit_stgpped, black or white. \ﬁ
‘ Eacﬁvsubject was aisé instructed in a prgportional task to indicate
whiéh cdlor, blackfor white, compriéed the larger "total area; As in.
experiment I, the odds differepceé were, 1/2,'1/4,‘}/85'tﬁe colored
wedées QerelQaried,‘énd a tﬁir@ séqﬁ%nce was, added in whiqh a random

-

ordering of the three fractional variables, odds, differentes; number

of wedges, color of correct response, was: selected. The mean

t

pefcentages\co rectvfor.this experiment are given~ié table 3.

Two spe;iji? resdlts»shéuld be noted. The fifs' is‘thaf theré
were siénifiqantiy ﬁore correcfvresponses in the combineé proportion;
ality tésult; as‘c;mpared to the combined probability résults at

; ' . o _
.each age from 4 through 8. Seéondly this suggests that the single

O

'spinner task does test for probability concepts. From ﬁhis inter-

 pre£atioant is valid to claim that the subjects with CA 4 were
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TABLE 3
"
® M
MEAN PERCENTAGES CORRECT (HOEMANN AND ROSS, 1971)
. —_
a
e
0dd differences . ’ . ' Chronological age
and  tank ' ’ 4 O 8 12 13
N N i . .
arn Proport . % 97 100 99 100 e
R .
Prob. . 52 69 81 85 82 94 96
14 Proport. 70 © 92 98 97 - 100 Lo L.
‘ : .
Prob. . 6 66 78 81" 76 86 87
1/8 Pruport .68 82 99 93 98 ~ ] L
Frob. C Y ) n - 13! B 88
Combined Proport . 70 - %0 99 97 99 L.a L
Prob. : cose .64 7 11 7 1} 90

4 Scores assumed to be 100 but not tested.

'applying concepts of probabillty This also castsidoubt on ?iaget's
contention that young children cannot understand probability

I? two successive studies (1964, 1¢-5), Offenbach also indicat
areas of doubt in regard to Piaget s beliefs on the 1ack of ability
of small children to understand the factors of probability His first
kwstudp was performed w1th 30 kindergarten children (first stagﬁ) and
30.fourth—grade:children (second stage). A 3 X 2 factorial defign
‘(threebteuard?punishment groups and two age levels) permitted random
placement of 10 subjects in a group A 0-20 group received no reward
or punishment other than the informational feedback of confirmation‘pr

disconfirmation‘of'their predictions. A 1 - 1 group received one -

marble for correct guesses and lost one marble for incorrect guessesi



.

children in a 3 - 3 group‘received three marbles for correct guesses.
A ]

and lost three marbles for incorrect guesses. ‘The main§$bservation
’ of 51gnificance 1s that the kindergarten children s predictions‘
were based on the immediately preceding event These children

[N

appeared to be unaware of .the possible sequential nature of the task.
\This behavior was consistent with Inhelder;s and ;iaget's description .
of’behavipr in the firsthstage ofllogical thinking. Offenbachyfelt
“that this result was due to the method of stimulns presented and’

this led him to do his second study )

He now chose a larger sample of 72 kindergarten children\(first
stage) and .72 fourth- grade children (second stage) The experimental
'de51gn (a3X2X2 factorial) permltted random placement of 12
subjects in each group. _A further dlvision of tasks into successive
tasks and simultaneous tasks was set.np

"In comparing the results of ‘this experimentbw1th developmental
theories of Piaget ‘and lnhelder, Offenbach draws several conclusions

1. Kindergarten children probably have a rudimentary under-
standing of the conceptlof probability, | |
- _2,‘ Piaget's theories (concerning probability concepts only)
cannothbe rejected‘by examining'probability matching behavior alone.

“ 3. Piaget's methodology appears to be dependent more on'the‘
recognition ofﬂprobability factors than-on the‘ability to discrinin— o
ate frequencies. This‘recognition.is a prerequisite'to_the under-

standing of probability concepts

B This last conclusion is also supported by the data prov1ded by

v
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\‘ K . l l .
the work.of Ross, previously referred to. - : A

A group of researchers (Andrews, Seigel, andMigggl'}QQZ) after
studying the ‘work of Piaget and Inhelder on probaﬁility.ig children .
developed'é decision-making method for as;essing'unaerstanding of
praobability. The criticiéms of‘Piagét's work that Yost ét al. tried
to overcome by their design are:

. i. Piaget's method relied heavily on verbal skills.

v2. Piaget's method confounds color preference with color
. R
expectation. N

3. Piaget placed before the subject an assortment identical to

v
\

‘that in the bag, in the interests of a*ding his memory, but this in%- . \

[ i
* Al

fact may have been confusing because the assortment was not randomized. . Vo

4. Piaget's methoa'prOQided‘no'special_incentive for a cdr;ect
response. | | | R .
.5. Piaget made no provisioﬁ for‘s;atisticai gnalysis of thé
. results, " |

| The desigﬁ that was éelg;téd differed from that of Piaget's'iﬁ’f
the folloying ways;“ | |

| ,1; Thefe was 1i£t1e'reliance on verbal skills. The subject
éimply had to point to the box he chose.

2. The influence of éﬁlor preference kas'controlled;

! 3;' By pfilizing:trénsparent boxes, tﬁé need fof é duplicate
set of cﬁipé w;s avoided. A \“
4. High motivétion“fd: correct respdnsgs was assutred by the

: . A
use of prizes. . . .

5. A large number of trials and repeated triéls were used "in .Jb., .

a
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order to apply statis. .cal techniqueS'in determining whether or not
the subject did show evidence of an understanding of probability.

The tuenty subjects selected, 10 boys and 10 girls, ranged in

ages from 4-10 to 5-8. Each subject participated in two sessions on
. ’ i . . .- ’

two separate days. s

The child's score was determined by tneﬂnumuerlof.correct Te-
sponses'hd made in a series of 24 trials; Vzlscore of 12 represented
.a performancevat only a:chance’leyel, while a score‘of 24 represented‘
a perfornance consistent with the concept of probability., The uedian
number .of correct responses over two sessitns on the decision making =
condition was 18. . . |

Yostbet al.bcdncluded from the analysis of the data, ‘that below

*~ the age of 7 and even as low as 4 years, subjects have some under—
standing of probabilﬁty under situations where controls are intro-
duced, reinforcement is_increased, and a nonverbal response is’
adequate. lhe major limiting factor in the‘research of Yost et al.
is that the nunber of trials in each session was too few to permitﬁ

\ .
meaningful within- se331ons analysis of change

A replication of the Yost et al. (1962) experiment was conducted
by Goldberg (1966) with minor modifications -These modifications
included differences in sampling of distributions aéd details of
'procedure..:lt isvtnerefore not necessary to deal in detail with thisi
stud§ﬁ ‘It is however 6% interest to:consideriGoldbergls conclusions.
She stated that 4-5 year—olds do inuolve probability judgbﬁnts al- | a
though theseijudgments may oe strongly influenced.by.color preference,\‘

by confusion of number, and by proportion.
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Recent research has provided evidence which questions the

conclusions;Piaget formulated as 'to the ability of children under
the age‘of 7 to understand concepts of probability. It has shown
) : T

that under appropriate conditions children of this age can use

probability concepts to varying degrees of competence.

B, Second Stage

‘characteristic of the reactions of stage II is ‘the’ refusal to accept

Based on the experimentsvdiscussed in section A, Piaget concluded

t

. that children from age 7-11 years do'understand‘probability concepts.

S .
. Experiment one resulted in Piaget's concluding that the,mghn charﬁcter—

-
. C . . , |
istic of these subjects (second stage) is to»believe_in-a real and

v
~N

progressive mixture . He further ‘divided stage IT into .substages A

and B by separating the idea of randomness into a simple realization

" of existence and a‘refinement of the idea (Piaget, p.'18,AtranslatioL

1975) . _ |
In the experiment using the counters "the most'striking

the results of the experiment with the false counters" (all crosses)

-

(Piaget p. 18, translation 1975). >Because of this previous experience;

stage II subjects understood that the sack was filled solely with

.blue'marbles. It was easy for them to grasp intuitively thegabsence

of red marbies. The older the subJects,othe more quickly the

understan ing developed

Piaget's general conclusions of this stage (Piaget, p. 229-230,

translated 1975) of concern are,that.

21
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’

1. the idea of random mixture was glohally acquired,at a
limited level (using small numbers),

2. a beginning of inductive reasoninngas indicated. Its
function consisted of distinguishing between regularities and

fortuitous distributions,

\ 3. when an extremely unlikely distribution occurred, an

inductive search for a cause to explain such distributions other

than by chance was indicated,

4, probabilistic compatisons between‘two,varying groups was

impossible:x '

\
N

Recent researchers have studied students at this-stage, with
COmparalive results. Ross gave considerablelsupport to the conclusions
put forth by Piaget (Ross, 1966; Hoemann and Ross, 1971). He conclu-
ded that\at stage IT subjects,cannot effectiVely consider succeSsiye

. outcomes when linked together. Ross supported ?iaget's conclusion

that it is easier to choose between two arrays than to predict with -

‘a single array. In addition, Hoemann and Ross, With a greater

[

- concentration on this comparison have extended Pjiaget's
, . . _ i

~ , o
conclusion. Piaget considered the one - array versus two — array

comparison only for a few children\with an age range from 6-1 to 7-6.

Ross exte; ded this range in both directions
. He f rther concluded that children with CA 7-6 to 11 0 attained
nearly'90°,success in experiment 1 with the single;array task and the:

comparable modified two—array tasks, hut.in Eﬁperiment 2, 90% success
A

was not reached until the onset of the formal éperational period at
N I
CA 11 0 to 13 0 (stage II1 of Piaget). In contrast to the data of ' ’

~J
\ . ' : o
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: : ' \ S o
Piaget and Inhelder that indicates the 'discavery of chance does not -
occur until the orset of stage Il", the data Ross collected~indicate

: that much of ‘the child's first envisioning of a concept of’chance is
alnost completely mastered:by this age. koss goes on to say that this
difference may in fact be due to a matter.of‘definition\as to what
one calls probability knowledge. ‘ ‘

In the tdo studies of'Offenback‘(19643 1965) he used, along

I3

with the subject54drawn from:kindergarten, an equal sample from grade
four. The results of this grade fourvsampling'can he used to compare
his conclusions with Piagetvand others at the second stage level.
Offenhack concluded that age was not a’'significant uariable in the
concept of probability matching performance but that\the older
. children (grade four) did try to f1nd a "rule" governing the occur-
rence of the two events, 1nd1cat1ng that they were sen51tive to the
‘fact ‘that the stimuli might be interrelated in some way. His data
also.indicated that_the behavidrbof the older children was‘mg;e
- appropriate fron a‘probahility viewnoint and that they were more
sensitive to the sequential nature or probahility tashs. These R4
concluslcns are also supportive of_the‘findings of Piaget,-whichAwere
previously discussed in this stage. )
N The studies of Andrews (l962), Goldberg (19€95), Seigel* and Yost
‘did;not-usevsubjects beyond'the stage I level.. |
\ In summary of the related studies of Piaget arid Inhelder, Ross, N
Hoemann and Ross, and Offenback, a closer shmilarlty can be noted

between the conclusions drawn for, stage 1T than was the case for

stage I. It_is'therefore probable because of the more comparable
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results in recent research that Piaget's identification of the
characteristics found in children during the age range for stage II

is relatively accurate. -

C. Third Stage

The characteristiCs of children in the.third stage (ages 11—12),
asbPiaget concludes,'are as follows The child s formal understanding
of probability concepts -appears about age eleven or twelve when he
advances‘into the formal operational stage. It is at this time that
‘the process of random mixture is understood. .Piaget concludes that
this understanding is due to the assimilation of the observed facts'///a
in an operative scheme based on the mechanics of permutationsv
(Piaget, P- 23 translated 1975). Piaget also found that students of

this stage have "finer judgments”“ This understanding oOes beyond
8 g

the global effect in stage IT and the concept 1is now broken into

N

gradual judgments. Also shown here are\increasing relativity and the

‘subjects' recognition of the sense that there are many different

"

forces at play as opposed to a simple attributive Judgment.

Other characteristics of the third stage subjects indicated the

ability to structure totalities which led to the law of large numbers

They also indicatethhe recognition that the probabilities of isolated

cases were functionjfof the whole.  Piaget further concludes “only
. here (third stage) Qhat the mechanism of reasoning was visible
‘x}’
Other studies c\rtainly support Piaget in hls conclusions .of this

.age. Ross (1966) and Hoemann and Ross (1971) in. their studies,

‘(

continued their suery‘through'the operational stage (age approximates
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in the first study of 11, 13, 15, and age means in the second study

of 12-1, 13-2). Ross supported the findings of Piaget, that subjects

must reach this developmental period before they can effectively

N

consider successive outcomes as being linked together, or part of a

S

whole., He further stated that subJects do not consistently relate

predictions to consecutive event outcomes until CA 15 whereas Piaget

 felt thatvthe mechanism of reasoning.such outcomes was present. at -

w
CA 11 and 12.

Using srbjects aged 10-16 Cohen (1957)-determined fourpstages‘
for development notions of probability.l He randomly drev tour beads,
16 times, from a bowl filled with equal numbers of blue and yellow -
beads and placed them into 16 cups. The subjects were allowed to . '
watch this procedufe) They were then asked to tell how many of the
cups would contain respectively: (l) four blue beads, (2) three blue

and one yellow, (3) two.blue and two yellow, (4) one blue and three

yellow, (SY'four yellow beads. He then stated that on’/he-"basis of

such experiments" we have found that the subjects' understanding of
probability concepts progress through four stages. These four-stages
can be summarized into (1) subjects merely guess vaguely, (2) subJects

realize that the most frequent content of the cups will be two blue

‘and two yellow beads (3) subJects realize that one blue and three

4
yellow occur equally as often -as three blue and one yellow, and that

‘,...
:

four blue beads and four yellow beads also have equal probabilities,

v ¥
|

(4) the subJects can conclude that a one to ‘three combination will

.

occur more frequently than ‘a four bead one color combination

. His study went on to discuss other related experiments. It is
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wisé to caution against ithe direct application of this study as there

are no recorded datavor methods on’how the conclusions were derived.

_Mention of the study was simply to serve as a general confirmation

\

——

of the understanding that subJects, CA 10 and higher, can perform’ with

insight, controlled évents. of probability

P

Classroom Studies

. i
EN] i s
« . e

Three studies will now be discussed which are not_directly invol-‘ N

ved with Piaget's‘three stageS‘of"development but which are concerned
with the workability of probability concepts in'the elementary school.

The- first of these studies was jointly reported by Wilkinson and
1
~ \
Nelson.(1966). Concluding that the experiences and ideas should be
G

meaningful to’the.students, they divided the_concepts of probability
' into three types of situations. First: would be ?personalistic" Sy

situations which were drawn from data involvi g\the students own

N

environment. These “data included such items as thlephone numbers, . 2

.birthdays,‘hedghts, shoe sizes, etc. A sample question was 'Which

,///”EEGE;;t'is abou&«the middle of the class in he?ght?"\\Second &ype b

‘ \
situations (familiar situations) involved models in the elementary

study of probability concepts foundcin the useiof coins,\dle, and

. b
cards. Questions asked included s it fair tL flip a coin to decide \

- whether Jim>Qr Joe gets top bunk?"_ The 1ast sitdation type dealt
with unfamiliar situations. ~Here 1items such as J‘paper cup, thumb i'
tack, drawing samples qf.beads‘from a'contai‘er, gtc, were used. 'L@/'

relation to the paper cup, the examiner asked, "How many outcomes in

~

 flipping a paper cup? Which is most likely? Which is least likely?" . i



i

i

’/,;,~$hi§’§tudy7sas conducted with a sixth-grade class, by the authors

v

themselves for a three week period TheremwaSMno textbook used and ‘
no formal testing. The conclusions drawn were based on- the subject-
ive.bbservatioﬂs\Jf-the experimenters. Two of their conclusions were

(1? "We feel that the ‘most productive situations will be those that’

are unfamiliar te students,ﬁ and (2),"It does seem,important\that

during‘the eﬁementary school years, children should be exposed.to
ievents‘which.have a—degree"ofvuncertainty” |

Shepler (1970) taught a class of 25 sixth—grade students a foug—'
week unit in probability It was ‘his purpose to test ‘the feasibility
of’ teaching probability statistics to a class of sixth—grade ;tudents )
and to construct a set of" instructional materials and procedures for

?'~

such a unit He designed fourteen behavioral obJectives for the

unit of study, A pretest and a posttest were administered The

pretest showed that no behavioral obJective had a mea rcentage

above 80%, two objectives had means between 07 and 807, and 12
The results of the .posttest

objectives.had average meQ;E below
: : : P

B
‘showed that eleven objecti had averaﬂesﬁabgve.goA—and'ﬁ‘l’dﬂhe '

“
e - —

objective had”an- erage below 50%. : s

results of Shepler's first study. mustlbe'considered»in

. view -of two conditions not normally found in the average classroom
.

The subjects selected had a mean IQ of 117. 7 and a standard deviation

s

of - 6 8 Each classroom had two teachers at’ all times. 'These'
‘conditions prevent the use of'generalizations from.the results;
His: second study (1973) followed a shmilar format with the

~ LT

addition of a retention test The_performance.ofjthe children'on_
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the retention test, administered four weeks after the posttest, by -
. Lest ‘ ) . > oo 22
objectives, was similar to their overall}posttest performance. He

concluded that the low initial performances onfthese/t;;/studVes
. T

«-/<

“ correlate with the findings of Piaget in that most of the students

at this age have not yet’acquired the formal—operational stage of

BRENS
N

development.

_ Dissertation Studies

This segment of research naturall des itself.into two sections.

The firstfsgctien’ﬁill/deal w1th studies that .examine the status of

certain basic concepts of probability ‘possesed by children in the ' \
= elementary grades. Section two will dea!"ith studies that involved
the teaching of probability concepts to students in grades K-6.

; - - . *

. . . \1

A. Probability Surveys

TR

Research has indicated.that childrentdo acquire notions of,_ A
probability before they receive any formal education{ Researchers
‘have been prbmpted by this to determine what basic\probabilityA
notions are inherent in children and 1f the variables of age, sext
difference, general ability, arathmetic ability, 1Q, etc are‘in'
fact significant |
i ‘.' Doherty (1965) tested 54 grade four,’five and six subjects to o
determine their intuitive understanding of four selected concepts of'
probability ’ The concepts, selected were (1) _the idea of a sample
spaceé, (2) the probability of a simple event in a sample space, (3)

o

J__‘



dhe probability of the union of non-overlapping events in the

sample spaces, and (4) the idea of the difference between mutually
. independent events and mutually exclusive events. She concluded that

the subjects had acquired considerable understanding in dealing with.
~ the selected concepts. This understanding; she said, must have come
from everyday experiences and not from formal‘education. ihe four

, 3 .
_ concepts did not'SEgnlficantly differ in' level of difficulty.
Chtdnologlcal age g&d sex did not significantly affect the subjects'
*famillatity with the concepts. 'famlliarlty increased significantly
with‘grade, teachervrating, mental age, arithmetic achievemént, and

4

‘general achievement
R

Leffin (1968) sampled 528 grade four, five, six, and seven

students to determine the- status of three ba51c concepts of prob—'

ability, (1) finite sample spac s (2) probabllity of a simple event
“and (3) qnantlficatlon:of prodb billties. The sybjects were
categorlzed according to sex, IQ, and’grade. A test of lOHor‘12-
items was constructed for each conqept. Leffin”toﬁnd'a.?ignificant
relat1onship between the number of correct responses'and IQ; and
between the number of cor ect responses and grade level where highv.
perfotmance:paralleled_h gh IQ or grade seven-and low‘perfornance

paralleled low IQ or gr de four. Sex difTerences only;indicafed‘a

marginal s1gnificance pn tests I and Iii ‘Since the subjects had

- no formal education" probabilityy”the'most significant outcome is

the students' ability to nnderstandfand apply the concepts tested.

He concluded this fo be a resultﬁpfxtheir background, experience,

./

i : |

éﬁd intuition.
o -



Mullenex (1968) tested 109 grade three, four, five, and six

'students to determine if age, sex difference, general.ability, and

~ - 1

'

basic skil{\in school subjects could be used as predictors for the
isubjects understanding of probability concepts. He constructed a
probability test based on.Piaget's work on chance concepts. The
variables of age, general ability, vocabularyiskill, vork‘habits, )
-and age.were not -found to be‘Significant predictors. The F ratiosl
indicated that there was 1itt1e or no significant differences among
‘the variables of :ex, reading skill arithmetic skill, and problqn

solving skill

-
~

Although Dohertyimorelclearlv defines her recommendationms,
tMullenex and Leffin also agree. that selected concepts_of probability
.should be included in'theielementary‘school.program. Doherty
‘cautioned against a rapid'movement\in‘this direction and'stated the
‘need for teacher preparation in the subject area.
| Two more recent studies, Jone; (1974) and Squire (1978) sttdied
: students inigrades one, two, and three in suburban schools.’

Jones took five concepts‘ (1) the outcomes of sample'space,
(2) most favorable event in a-: sample space, (3)\most favorable sample
space, for a:given event (event probabilities presented in the forms
.a/n, b/n, c/n), (4) sample space equally favorable to a given set of.
vevents, and (5) the most favorable sample space for a given event
(probabilities present in the forms:ea/x,'a/y, a/z).. The 162 subjects
were categorized by grade, IQ, and embodiment. The grade three
subjects had better overall performance than that of either the

grade one or the grade two classes. However their performance had

- a significanf difference only to the performance of the grade;one

\
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class. o ' . o : _ . o

-

The performance of grade.two subjects was al o significantly

‘ higher'than~that of'the grade one class. Within ch.grade;~there
fwere significant differences between the performances of IQ groups.'
. High performance was paralleled with the high IQ group, nd low

performance with the low IQ group. Jones concluded that (1)

N

children in the primary grades have begun to acquire some knowledge

of prok:bility ‘and (2) that some concepts'of probability could be

introduced into the'primary mathematics curriculum. | |
Souire's study determined the status of six concepts of

probability, ‘the level of quantification of probability present in

. the subjects, the performance difference due to the embodiment of _‘

4the probability setting and the predictor effect of sex, grade, and

IQ. The concepts selected were: (1) events in a’ sample space, (2)

RN
|

‘most . favorable event, (3) most favdrable sample space for a given

event, (&) sample space equally favorable to a given set of events,

_‘(5) impossible event and (6) certain even}z/fThEDPerformances of the
72 subjects indicated .that concepts 1, 2, 3, and 6 were understood

by at least 75%. The level of quantification of probability across

™~

the three grades had a mean of 42/ correct No significant effect

was found'due to the three.embodiments of spinner, block,\and box.
. .
‘Sex, grade,and I1Q were all found to be of significance when considered

.

“-on the total test. There was also found to be a marked increase in
understanding of probability concepts as the subjects pass through
grade three. Squire concluded ‘that experiences and activities could
e

‘be provided from grade three onwards which would develop further

' concepts of probabilityg



If the recommendations of Jones and Squire are added to the
‘previous recommendations of Doherty, Leffin, and Mullenex, curriculum
writers should give consideration to the inclusion of selected notions.

of probability throughout the elementary'mathematics curriculum.
t .

B. Classroom Studies

éeverhl researchers have attempted to’develop the concepts of'
basic probabilit% in children This was attempc ed through a sequence
" of instructional periods. Pretests,‘posttests, and retention tests
were often used to test if the concepts were learned and retained
Gipson (1971) investigated the teaching of téoycincepts, finite \
.sample space;\and the probability of a simp}e event, to eight
students'from grades three and six; “Two p%lot studies were used.

The first pilot study was used to- determiqe the effectiveness of the
\ I

materials to be used, the appropriateness ‘of the concepts to e
taught and the students intuitive knowledge f probability. The
.second'pilot study served to identifyhand evaluate a set of lessons
that'would be appropriate for elementary'school children.

The individual—based instruction sequence‘for sin students was

: g . \

,audiotaped and the sequence for two students was videotaped. All.
tapes were later transcribed for detailed‘analysis.

HEvidence.collected frvm the pretests and'pOBttests showed tPat
both third and sixth grade students'cannlearn these two concepts.of.
probability. The author concluded that grade three_was an‘appropriate

grade to introduce selected probability concepts.

McLeod (1971) also used the experience gained ‘in study A of
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'two‘parallel studies to modify'ins;fﬁétional techniques fér study B. !
'An éight'to\ten day uﬁit on probability was prepared andftaﬁght té
'sgcond aﬁd foufth‘gFAders;‘ Three experimental tréatﬁents,‘(LP)}
laboratory éﬁrtiéipétionf (TD)\teacher demdnstratibn;‘aﬁd>(M) no
:inStrdction between'preteéts and,pdsttests, were aésigned at random
to classes of stUdents.ét goth gréde levels>iﬁ a single-schooi.’ For
study B,_a»éontrél claésrpom (C) was'added,from another school.
Although the character of fhe treatments was the same across both

L.

grades and common(worksheets\were usgd,'the learning activities for:

\

gréde two were less extensive. )

The p;eteéts indicated tﬁatﬂmost second graders as well as most
fourth graders were able to ﬁse the concept ;f "likely" before
receiVing any inétruction..'Treatment groups LP and TD ﬁere
éighif*ﬁéntly'sﬁperiof to érodp c atJééch gradé level in study‘B on.
the éarly posttegt mgasureé. Thg treatment effect did nof affeét'the'
learning lével as_indiéated on tﬁe'ppsttest measufes or the retention
."méasuresf ,Reading ability,iIQ, and sex did not haQe an éffectépn
individual\performanées. » | ,

In an earlier study, Shepler (1969), gave support to thg,
?easibiliby of teaching seieétéd concepts of probability to
veiémentary.school s;pdgnts;,kFoE fﬁis stﬁdy a unit was developed,',
based on the_systeﬁlof developmentél modes? which encompassed\the 2
coﬁcepﬁé;of é§bjgct1ve‘p;obability nQE}§H§T”émpirical prbbability,
counting techniqugé, a prio;i prdbab;lity including‘simpéeiénd

compound events, and comparison of two events using probability. Thé -

vﬂunit was taughtito a class of 25 sixth graders of average amnd above

N .
\
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- R » ! . \
average ability. To determine the fe bility of the unit, pre- and

\ .

- posttests were designed to measur

. K /
~ of the unit. ‘ o . ' -

9

the fourteen behavioral objectives

The'instrudtioﬁal tréafment was céncluded~£o be\generally
successful. Thexposttest percentage &as 92.8% ;hile the pretest was
37{9%; ‘Eleven of the 14 behavioral objectives were highly maste:éd.
The three unsuccessful objectivesvinVOlved sﬁecifying the ésgimated
pfgbabiiity,_numbering the odtcoq$s of{;n event, ﬁnd estimatiqg the
proﬁabiliéy of an évent frém the déta.  The aﬁthdr stated thag the

lack of mastery of these three objectives was a result of a lack of o

N

- emphasis on the part of the instructor and ihsufficiept practice
given to the students. . o ‘ : . !

)

Shepler, Mcleod, and Gipsbn ﬁave sugceésfully taughﬁvcohcepts

éf prbbabiiity.toﬁglemeﬁtary students rangipg from graae gwb to gréde
six. Although Gipson used the personal inferview approaéh to
teaching, his study still'gives‘suppoft that studehts‘do‘have
.experiences whichxdevelop‘cértain intuiti?e notions, based in
probability. These notions cgn'then b} builéxupon by inStruqtors-
into the more formal use of probéﬁility; | |

\

Probability in Curriculum 4 : g

.°

~ A number of pﬁblishing éompanies”aﬁd study groups have printed
. probability units as_supplemeﬁts to curriculum or enrichment.series
sinég the early 1960's.- A few references will be given below as a

: sampling of available programs. The Macmilian Company, (1963)

developed -a programmed instruction textbpok,‘What“Are The Chances. .
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It develops an understanding of what probability is and covers the -\
, toplest sample spaces and random choices, partitions and complementa,
» conditional probability, independent events, and statistical probabil—
‘ity. The authors do not indicate the grade level thdt it is designed
o

for; however, because of the reading level it would probably fit best
in the Junior’ High and upper elementary grades.

The School Mathematics Study Group (SMSG) has given considerable
study to the matter (1965, 1966). Their work included Teacher s

Commentaries and Student Texts 'They covered two levels,ﬂnamely B

Probability for Primary Grades and Probabilityﬁfor Intermediate Grades.'

This program covers a. wide range of concepts too numerous for this :
reference.

Mathematics activities have highlighted more recent mathematics,
_curriculum. Scott” Foresman (1971) published an activity oriented
~probability unit. However, ‘no grade distinction or concept develop-
ment was indicated. ) .

Buckeye (1970) and Shulte/Choate (1977) have also attempted to
get probability activities into the elementary schools by preparing
iactivity oriented experﬁments for “the, students.

Curriculum writers and publishers have not shown a detailed
outline of topics within probability that could be im@lemented at
the elementary 1eve1 of education. Harvey (1972), using task
analysis, has’ attempted to provide a sample sequence chart for

grades K-8. His selection of concepts involved. 11 major concepts
taken from statistics and probability;-:Behavioral»objectives were

°

'then determined for each gection and-a task analysis chart was

o

35
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constructed. It appears that the tasks involve more statistics

N
\

: L e ‘ 3 | .
than probability and are beyond the ability level of the student at

each level as determined by the literat#ré previously discussed.



- enrolled in Brookwood:Elementary Schdoi, a suburban school just

Chapter 3
DESIGN OF THE STUDY
* DESCRIPTION OF THE POPULATION

The populationﬁfor this study consisted of gradé three and fourv"'
. : -\ ’ . . : . 7

. students of varying-le?els of achievement and socio-economic back- | <

ground. -These students Yecelve instruction.in regular classrooms

‘operated by pﬁblic»échool'systemsg separate‘school systems, and

-

parochial or private school systems. The curriculum being taught in

these,schools has been approved by the regional Cepartment of

Education.

'DESCRIPTION OF THE SAMPLE

The sample was selected from the grade three and four students \\\g

outside the confines of the City&of Edmonton. The school's

N

énrdllment:came from:a rapidly déyeloping'community; the local.h

farming community, and fzmilies iivingAqﬁ-éﬁall acredges. It was

assumed that by obtaining a sample from this setting, a represeﬁtati?e
sampling of subjects from middle and low socio-économic status

N

families was obtaimned. o R l

SELECTION OF SAMPLE "

°

The principéi of the school was éoﬁtacted.and asked to make 60“’/’~\///"

37
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students available to the researcher from grades three and four.

-,

Thirty male and 30 female students were requested.
.There was no attempt made to ensure that equal nuqbers;of students
were selected from the two grades.

When the researcher arrived at the school for data collectiom,

the list of pupilsfhad already been prepared. ' |

~THE TESTING INSTRUMENTS

Three testing instruments were used in the collection of data:
1. the Lorge—Thorndiﬁb Intelligence Tests.
2. the Canadian Tests of Basic Skills.

3. the probability test.

The Lorge-Thorndike Intelligence Tests
) . . L .

These are a series of tests”designed to determine the ability

of an individual to work‘with ideas and the relationships among them.

Ta

' The two specific test batteries used were:

14

"1l. The Lorge—Thorndike Intelligence Tests, Level. 3, Form A,
Verbal Battery, re-usable edition. ' : |
2. The: Lorge—Thorndike Intelligence Tests, Level 3, Forﬂ A,
.Nonverbal Battery re—usable edition.A, |
The Verbal Battery was used becansevmost of‘the ideas individuals
deal with are expressed in verbal symbols. lt was hoped that a
relationshipbcould be established.betneen this‘type\of expression and‘

. e R Y
the .overall score on the probability test. The Nonverbal Battery. was .

used because of the presence of slow learners who. may be restricted s,

©r o -
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.in‘their verbalization of ideas.‘ It @as assumed that by including
this- battery, such students would not be penalized in any way.

Each of these two standardized tests required the use .of distinct
answer sheets. These were\utilized in the study and students were
given instruction\on their useﬁ These Sheets were ‘then hand scored
using mask scoring keys which were obtained from the publisher : 7

'»
4 \ : M I

(IBM H90916 and IBM H90917). L

2

The Canadian Tests of Basic Skills -'Form 1 (CTBS)
! 13

-

.

The CTBS ‘are used to determine how well students have mastered

’

the basic skills. The areas tested are: vocabulary development
reading comprehensionj«the mechanics of written expression, appli-
cation of special reading techniques to work—study materials, and
mathematical understandingr The basic skills associated with |
mathematics understanding are evaluated in two tests, mathematics
concepts and mathematics problem solving. #hese two tests were the

. Q -
only ones administered from this battery.

Students were instructed how to use answer sheets to record
N v ’ .
their responses. These answer sheets were later scored using an
answer key, provided by the publisher. - _ \

[y

The Probability Test

~  The probability test was designed by the researcher,‘

,allowed for the testing ‘of six concepts.in each of three representa—

‘tions or modes. This resulted in a 6 X 3 matrix having 18 cells

(Table 4) . ) | ) oo ; \



Two questions were written for each cell. These questions were

‘to be asked in sequehce.

TABLE 4
, _

. N i
AR .

¢

CONCEPT "MATRIX.

\
i

' Concepts \ . ; Nodes

vInstructibnal Modes ..

. The WQrkshof Piéget,‘Bruner, and;numerous_other reséé:qh‘studies
refe?fed.ﬁo_in‘chapter two suggest that children acquifé.soﬁe notions:
of probability Qutsi;é’¢f a formal instructional settinng Theihiefachy.
of notions is présumed to prbgféss through idehéifigbiebstages from: .

“'I? the toncrgfg/feprésenpgtioq; I1, the pictdriéi‘répfééentatggpvana;'
viII; the syﬁbdlic representatioh. It has been further hypotﬁesized"‘
that aé the concept ;s‘deﬁeloped,p:og£essively through the thr.- modeé,

the learpér shoWé'a greater understanding of_ghé conCeptY _ :  |

" The probability test was designed to test each of the six 0

o -
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concepts in each of three modes (see Tab1e 4).. Twalvé qdestions were
~asked in eéch mode;-twoﬁfor.each concept. A set of materials and

apparatus was devised for thé tést,

. Appéfatus and Materials

Concrete Materials

Five sets of apparatus-or embodiments were either purchased or
constructed:

1. A selection of woodeén beads was purchased at a local hobby. -
mshop.' Each beéd_was approximately threé‘centimetres long and twa-
ceﬁtiﬁetres»invdiameter. The 20 beaés consiétéd of £ive beads each Qf

four colérs;‘green, blﬁe;'brown,,and yeilow;

El

2. Eight Wooden cubeé (t&o cm X twb cm X two'cm) were.paintéH"’

in different ways.
a. twb'cubes‘had each‘side paiﬁted éne'of six ¢oloers; blue, . )

yellow, green, white, orange, and red.

b. two cubes had opposite sides painted one of threé_coldrs

with one cubé'having yellow, blue, aﬁd orange sides énd_
the other cqbé.having red, whité; and green sides.

c. two cubes had three adjacent sides painted one of t%oL.
, cqloré; green and white, and red and yellow respectively.

d. two .cubes had all six sides ﬁainted Qhé color, either A

\ blue or orange. ' ) o

3.  Four piexiglass (plastic) spinners were constructed for

the investigation.‘ The round disc and spinner were mouptéd on
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-
gix mm sheets (23 cm X 23 cm) of white plastic. The four dia- 0
. grams below indigatevthé color proportions of éach:sﬁinner." The
ratio for each'spinher wésiv,épinner A (one-half orange - onefhalf
‘green); spinner B (one~third red -_tWo—thirds‘yelIow); spinner C
-i(oneLquérter yellow - three—qgafters red); and spinner D (two-quarters
_ orange - two-quarters green). \
g o ~ FIGURE 1 \ ,
PROBABILITY SPINNERS - ' . %
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/ Each disc was approximately 20 cm in diameter. A red plastic

\

7%rbw (1.5 cm wide 'and 15 cm long) waS'fastenedth'the center of each

Jdisc. - : , -

w S e

4. Two sets of six tennis balls each were purchased at a

sports store. One set of balls was white and the other set of balls

was yellow.J

5. A selection of Aqllarée glass marbles (two cn in diameter)
was p:iéha§ed»at a hobby sﬁop. There were eight(marble; each of
“five polors: 'élear, white, black, red, and yéllow.

‘Pictorial Materials

A

L~One 8" X 106 (approximately 20 cm X 25 cm)\coior photograph of a
specific sét of apparatus w5s taken for'eééh of the 12 questions
asked inkthé piptOri;l.mode. The apparatué was selected from thé.
five sets of maﬁeriai described above. -

Tbe t&elve pictur;s wefe nﬁmbered to correspond with the QUestién

number for easy retrieval‘(Appéndix_A). -They pictured:’

i 1. three red mazbles and two black marbles,

" _
2. spinnerD, two-quarters - two-quarters,

'

3. three red marbles with one white marble, and a wooden cube
VoL .{“

w}th ail shown sidesgpainfw1 blue, - ‘ - ~L . ,, B
\ 4. .§pinﬁer\B,‘oné{th A - two—thifds and three white tennis
balls withft?q yellow balls.
5. threé grown beads and thpée greenibeads,
6. three red marbleé and two black ﬁérbies,

7. five brown beads and two yeliow beads,

|



: ‘///ﬁ/f‘\\k M ‘,“ 3 n
~ 8. spinner B;ﬂone4chird - two-thirds,

9. 'six yellow tennis balls and six thtejtennis balls,

10. seven yellow marbles,

11. spinoer C,_one—quafter —,th;eekquarterss

12. one wooden cube with one side yellow, one side orange,' S
and one side blue being shown. The blue side appeared to be black
on the photograph

Each picture was placed in a clear plaséic folder for pro%ection

of the picture’surfaceu

ASYmbolic Materialé

" The 12 questions asked in the symbolic mode used only verbal

o

symbolism. It was decidedﬁthat_no new embodiments would be introduced
for these questions. The selection of a particular embodiment for

each question will be discussed later under embodiment selection.

Concepts Selected

The research identified several basic concepts inherent to the

' study of probability. ‘From them, six basic concepts were selected !

" for use in this test.

1

A, Sample7space-¥ single outcome. The.subject qas‘eﬂpected
. - . ) . . B @‘v .
to ipdicate that there may be several answers to a single probability .

2

fask. Coe

\ . ~

B. Sample space - ordered pair outcome. Theg ifference

. vbetween ‘this concept and .concept A is that there is a comblq?tion



‘o

\

‘ ! o . o
answer. The subject-was expected to respond in the order in which
the outcomes occurred.

C. Equally iikely event. Alternative Sutcomes cGuldhoccur
"~ with eqﬁal frequency. o

D. More likely vs. Less 1ikéiy event. A pfobébility task’
,.was designed whiéh favored one optcome over another outcome.
TEiJ,Impossible vs. certain event. The task was designed ko

iensdre that the predetermined’outcome gould nbt occuyy(impossible
‘event).or'that the predetermined gugéome would always occuf (certajin
evenf).  | o ' = o \

F. Pgdbébility of simﬁleveveﬁts. The frequenéyuof the

identified outcome was to be expressed as a ratio. -

The‘abové concepts allowed fotva wide range of probability tasks.

The verba1ization of fhektasks could range in difficulty from every-
day;lamggage; eqhal: impossible étc: to more probabilistic language;
,progdézli%y of'an\eﬁént etcﬁﬁléach concept was qqestioﬁed in each of
_the three modes. This aliqygd an environment to exiétvin which the

p

developmental aépect‘ofﬂtheﬁmodes could be examined.

:gﬁ’ Embodiment Selection

'Severa¥}gﬁiding prihciples were followed in the selection of the

embodimenngrﬁaf the various tasks. They are that:’
/’l% two embodiments wod1d be used -in each cell.
e ' o
3

2. all five embodiments would be used for each concept and
one embodiment would be dupliéated.

3. twelve embodimeﬁts would be used for questioning coﬁcept-
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B to alldwlﬁor the-ordered pair o?tcomesi

"

5 ' R ‘ .
4. the rotation of embodiments:would. also be used in the ..
i ‘ L - 2
symbolic mode. ’ .
Table 5 indicates the selection of embodiments for each concept
and mode.. '
. . ™~
5
B \ Ly TABLE 5
’ . wo S ,
. . . o i
EMBODIMENT SELECTION )
«
Concepts : ;..bdl! .
1 n 11 p
A >
A a. splnner - »utblan v balla.
’ b. blocks ’ blocks baads
L] .. A.plnn-r ;a apinokr ‘. balls ta balls beads to beads
° b. blocks to balls* ' marbles to Blocluni ~balln. to spinner -
K C a. spinner beads .-arbli-
) )
‘ .b. ballse ’ spinner blocks
1] a. apinner bud- ’ blocks ’
b. .bails :f""-v spioner marbles W
E s, balls spinner beads \
B * ~
b. blocks marbles 7 balle
B 2 a. blocks spinner marbles
A ) b. murbles v "blocks besds
o -
«
S

Questions were .now written‘for_use in the test. oy

. Probability Tasks’

'

During the development of the probébility test,

numbered in a manner so;thét the- second question in each cell

the 36 tasks wére

followed



the firs£ question. All six questions for eaéh.coﬁcept were developed

consecutively. The thirty-six protocols are given in Appendix A.
|

\

Question Sequence

El

Each subject had twb 15 minute sessions with the examiher.
. X \
Eighteen questions were admiﬁistered each session. The fwo quest&ons
_in each cell were asked.consecdgivelyﬂ Concepts'A, C, and E were -
asked in the first session and concepgs B, D, and'E.ih.the second.
To ﬁinﬁmize the teaching effect three controls Qere used.

1. There waévno sco%ing of response§>whéh fhe'stﬁdent‘wés
prgséﬁt. Axlncoﬁversatidn between ‘the examiner and the subjéct Qa;)
audiotqped. In this way the éubject coﬁld not interpret whether
hié.response was ¢orrect or iﬁcorrectﬁby watching the exaﬁiner code
“the rééponses. |

12. During the,gxamiqation\period, the examiner gavé-no\y
verbal indication. of whethér the subjeét:had given the expectéd

answer or not.

| | | \
.  If the student had received some positive re-enforcement

- (either 1 6r 2 above) g%r correct Tesponses and no re-enforcement

for incorrect responses, a negative climate may have been created.

J

Also -if the examiner had given a comment like “goodf,‘"fine", or .
"well done", for a good effort even though the responses were
incof?ect, the subject may have been led to believe that responseé

were correct. Reaction of this nature may have caused the subjects

to’givé‘what they felt were‘expécted fesponses instead of being free

N
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to answer as‘they really thought.

éﬁ 3. The subjects were divided into 6 groups of 10 students,
4 . ’ ‘
%&hgys and 5-girls. The subjects were“chosen in the order in .which

theirbnames“appeared on the ppebared list. Each of the groups was
fthen:assignégﬁto a specific‘question'sequence.‘ This ensured that
onlj 10 students would be\examined on:a pamticulér cohcept in each‘
of six question sequences;

Two additional factors arose from sequencing the questiomns:

a. the subjects were not tested on all six questions in a
o I

specific concept consecutively and N “ '
b. the sequences of modes were varied from concept to concept.

: Therefore,‘the subjects would have difficulty trans-

ferring information learned from the questions asked in

one, cell to the q&estions asked in a,subsequent cell in
any given concept. !

i
i

The six question sequences appear in Table 6. The first

examinaﬁﬁbn period for each of the 60 subjects was completed before
o ‘

L
x a3 ir
any se&dnd session was started.

-

Mode Sequence

Because of the hierarchial nature of the three modes dtiwss,
‘deemed necessery to'very the sequences in thelmodes.' This sequenCIng
‘wes achievediin thebofdering of the‘questions, |

vFor example, COncept A, question seqUencell, has the7number 1

for mode I, 8 for mode ITI, and 6 for mode III That is, the questions

for mode I\(l) were asked first, the questions for ‘mode III (6)- were
v

48
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TABLE 6

QUESTION SEQUENCES

L]

LI R
|
Sequence 1 Suquence 2
Codiepts ‘Hodas : R Coacepts Modas
. 1 oou 1t : 1 n o 1t
A 1 8. 6 A ' : )
] 4 2 9 1 2 \ 4
c 7 5 3 c 5 | 7. 3
1] 10 17 15 ] 17 10 15
€ - 13 1 18 I 11 1 s
¥ 16 L4 12 1 4 14 113 12
Sequunce 3 . . . ’ _5.qu'cnc. 4
— - n
Concupts nodu ¢ Concapts N Kodas -
- | S 11 111 E X 11 1t
‘ .
A 1 -6 8 A 8 - 6 )
B L) 9 2 1 3 2 9 4
c 7 3 5 4 5 3
b 10 15 " 'y 17 5 ¥ 0
[ 4 13 18 11 t 1 11} 13
¥ 16 1 1% r 14 12 16
> ~ Sk id
Sequeucs 5 . . L Sequence 6
) Concepts ' . Hodes . Modus
: i 11 1 1 T 11
A 6 1 8 A 6 s 1
\
B 9 ) 2 | 3 9 2 4
[ B b] c 3 5 )
D [§] 10 17 0 15 17 10
E 18 13- 1" e 18 n 13
¥ ! 12 16 % r 12 14 16
- % achk nusber refers to both questions in esch cell -
. N
. "
o
3

. : LY

I.asked'second and the'questionsdfor mode II.(8) were’asked last. This
.gave a mode sequence of I - ITT ~ II ftor concept A in question sequgﬁc}

21, six mode sequences were: determined I-II-III I—III—II II—I—IIIy '

- II-III-I, III—I4II, III—IIfI. Each subject answered questions in each

of three mode sequences.‘ In the two sessions, questions on concepts

‘A and B, C .and D E and F, followed the same mode pattern. The six

questionSxof~each ‘concept were administered to 30 subjectS'in
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shown in table 7. -

MODE SEQUENCES IN

5

TABLE 7

RELATIONSHIP TO QUESTION SEQUENCES

identical order. 'The mode sequences for each question .sequence are

2
$
- Quc-ilon‘ Sequance | i * Question Sequence 2
Concept Hode Eequence cax’cnpl Mode Ssquence
. P~ 11 - 11 A 1 - m1 - 1
c I c PO § SRS § 41
‘e mr, -om -1 B S - 1 - I
s R R 1 n < our - 1
[ T mo- 1 - ur | 1 - 11 -1I11
. m. - 1 o~ 1 Y - 1 -1 )
~ K
Quasttion Sequanca } Quastion anu‘nca 4
Concept Mode quu.cncc Concept Mode Sequence
A7 1 - 1 - A nr - 1 -t
c Hr - 1. - n - c 1 - m -1
¥ | § SN § § G 1 . n o - | S § §1
» I TR K ¢ ¢ .3 r - 1 - 1
) m - 1 - .1 b (SN S S ¢ O
¥ m’ - ur - 1 r n - 1 -m
‘ Question Saquence 3 ° . Question Sequenca b
Concapt MHode Saquence bﬂ Coacept ‘Hode fequenca
A nm - 1. - I A m - 1 -1
c mr - ou - X c no- o - 1
1 1 - - I X | SRS § B § §
» n - 1 - s m - 1. - 11
> mr - o -1 D no - ur -1
¥ 1 - ur - r 1 - o -1
. o’ . . )
. The rotation of modes in this manner was important for two
reasons.
. . ., . . . X n :
1. The possibility that a subject could formulate a scheme

N

whereby an assumed corre

N

ct outcome would be taken from one mode and



-

directlyfapplied to another mode was reduced.

2. Since ?achsubject was tested in th{ee mode sequences, two

N _
Subjects @gge tested i h of the six mode
32 , - ,
sequences. - ; ‘ }5 Y v

concepts each

o

A pilot study was conducted just prior to the\collecting of the
data. The test was administe&ed to one grade three student and twd
grade four students in a manner. similar to that previously discussed
However subJect responses were not aud?ptaped.

The purposes of -the pilot study were to determine if the
‘protocols were eliciting the kinds of responses that were anticipated
if the verbalization used in the questions.was understandable oy
grade three and four students‘and if the‘embodiment selected was
suitable for each‘question.

The pilot study revealed that test items and materials seemed
{to be COnsistent with the.possible rangevof abilities Ofsé;ade three

and four students.

f S

ADMINISTRATION OF THE INSTRUMENTS

The instruments were administered during the last week of’ May

and the first two weeks of June, 1976. The Lorge—Thorndike Intelligence ,

Tests and thevCanadian Tests of Basig Skills, mathematics portion were
administered first to all 60 subjects as a group. The probability -

“test was_administered over the next 10 school days. A small room
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with a table suitabfeifqr testing purposes was provided by the school.

The subjects were given as much time as they needed to complete ﬂﬁal x

18 questions in each sessior.

DATA COLLECTION \

When writing the stapdardizéd tests, -the subjects recorded their

résponses on IBM answer sheets. The researcher hand scored these . o
i, ) . oo o

' sheets at a later time.

At the beginning of each session of the probability tesf:ﬂéach

sﬁbject was Informed that everything that was being said was to be .

~

: _ \ . ' .
recorded. This discussion was kept at a very informal level. The

IS

subjgcts weré asked if they ﬁaq a t;be recorder at home,Agr if they
ha&_evef hea;d themsgéves speék\pn a tapevrécdfder. vIn ;ome caéés,
at‘fhe bégiﬁning pf the first séssion'a studént spoke into the
‘m%crophone and tﬁen the‘recqrding Qas played back to him. This pro-
qedure seeﬁed to make the‘suﬁjéct feel at éase.' Not_one’subject
ogjected to the procedure of béfhg‘récorded. The testing s;ssions'
were recorded én-60 minutg‘cgssetté~tapes. The c;mbined time of
bo;h sessioﬁs for;eaéh‘subject did not exceed 30 minuteé. After‘;he
dégakhad all been collected-the reSearcher'scored.each student's.
.responses by listening ﬁo'tﬁe taped conﬁefsations. A summary sheet
(Figure}é); devﬁséd fof this purpose,‘wés used t6 taliy indiVidﬁai
'responses. | | h
A filé folder was alsd kept for each subject. Each individual's
answer'sheets and summary sheeté>wefe filed under questioning sequence
and name. | |

, R
-~



FIGURE 2

SUBJECT'S SUMMARY SHEET

Name: . : o : Birthdate:

T
’

Qgest%on Sequence: . Grade: _ N B Sex: {

\

Concept : " Mode - Concept Sum

I .. - IT - III

Mode Sum

Total Score: o .

Math Score: Concepﬁs , Prgbleﬁs o . (%ile)

IQ: Verbal ) s NonVerQal

CODING THE DATA
A different codingvsystem was_ﬁeceséary for each of the -
" testing instruments.

i - v 3

~

NS
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. ‘\\
i . ‘ ,
a. The Lorge-Thorndike Intelligence Tests. .

Using the scoring key provided'by the publisher, rawﬁscores were

obtained for each subject on the verbal and the nonverbal intelligence

tests . The scores were .then compared with the tablevof norms  found

in the Examiner's Manual to obtain individual intelligence quotients

(1Q). These IQ's were recorded on the subjects' summary sheets.

b. The Canadian Tests of Basic Skills.

The raw scores were obtained for both mathematics tests by
: 3 : R

- hand scoring each of theJanswér sheets. Using the conversion tables

£

found in the Teacher's Manual for the tests, these scores were

converted to- grade equivalent scores and then to percentile rankings

‘

The percentiles were recorded on the subJects summary*sheets.

-
s

c. The Probability Test.
Each correct:response received'a score 'of one -and each incorrect

response received a score of zero. The criteria for scoring correct

kY

responses are found in Appendix B. A complete testing session has
4. -

been transcribed and included in Appendix o The tallies were then

summed to ﬁind the concept totals, mode totals, and the test total
4: . e w

x Y
The Jhde sequence totals were more difficult to tally, therefore

separate tables were devﬁged*for this purpose.. The highest possible
‘ - ..\\

RN
L

“score'each subject; ¢ould obtain for any mode sequence was '12.

NULL HYPOTHESES TO BE TESTED

1. Given subsets of scores of the probability test, there is

no significant difference between the means for:

a. the high age group and the low age group

54



b. the grade three students and the grade féurvstudents;‘

-~
N

c. the boys and the‘girls.'
2. There is no s;gnificéht relatioﬁéhip’betweéﬁ the scores on
the probability test and the scores on'th;:.’

' a. stand@rdized verbal intelligence test. - l
> :b. ’spandardizéd nonVefBa} intelliéence test.
c.:-stapdardized matheﬁ;£ics éOnceété test.

d. stépdardized mathematics problem solving teét.T

Y
\

3, Given subsets of scores of .the probabilit% test, there is

no signifiéant relationship befween the scores obtained by‘subjeqtsf

e

in:

.
a. the .concrete mode and the pictorial modé,‘ R
b. the concrete mode and the symboiic mode.
T Do . ”
c. the pictorial mode ‘and the symbolic mode. { ﬁ\

" no significant difference between the mean of the sequgnce'means‘and‘
. : \
the mean in each of the mode sequences.

s a. 1 -1II - IIT-
& 7 b, I - 11T - 11
o lm e I1 =1 = IIT

Sd. ID Y11 - 1

e. III - I -1II

%

Cf. I11.-1I -1 . | B

5. Given subsets of scores of the probability test, there is

»

no significént rela;ibﬁshipfbetween the scores of. concepts 1 through
6 when concépt_scores are considered in ?airs.

P . X . a T

*dxyeh subsets of scorés of the probability test, there is

55



I . o PN
. ANALYSIS DESIGN

Voo

'Tﬁovétatist;cal test§/yére used;té analyze fhe data; ‘A comﬁutef
correlation'test, DEST 02, was used to.détermiﬁe rélationships beféégn
the‘14 Vatiables in the -null hypotheéeS.Z, 3, and 5.- Tﬁe 14 vgfiables
for each student were obt?iﬁed‘from ;He-subject'é suhméfy sheet. ‘They
were the subject‘s:" V: Q .»';., 4'.' - ‘

1. IQ on the verbél inteliigencé test,

2f ‘IQ'oﬁ the h@nverbal.intelligehce test;

3. percéntil¢ iﬁ;the matﬁematiés qoncepts:test,

4. . percentile.in‘ﬁﬁé métbeﬁaticsvﬁroblsm.golvdng test,'
5. score for the cqﬁcreteﬁmode,

6. score"fof fﬁe'picpqr{al modg,.

7. store for the symboiic‘mode,

)
o

: 8. " score for concept A, . '
L . Lo -
. 9. 'score for concept B, ’

10. score for concept.C,

11. score for concept D; o S
. o ,'.

12, " score for concept E,

13, séére for éoncgpt F," ' | !
14. scofe for totéi pfébaﬁiiity test, : '5_\

A single run of DEST dZ_determinép §ll ossible gdrre;afiéﬁs
b;twéen pairs éf:théjabovefvariableé.A\ | » \

A one-way analysis of variance test, ANOV 15, was used to test

‘null bypdfhesis 1 and 4. Unlike the correlatioh test individual ruﬁs"

were used to determine if any significant difference was to be found

o

’bétweeQ the means of the scores of the probability tests for subjects'

|

A
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Since  the hypotheses stated iV Chapter 1 and further described in

Chapter 3 were analyzed through the use of two basic statistical !est

styles, the findings and analysis are presented in two sections. The
first‘section contains'the‘findings and analysis that relate tobhypof
theses 2,3, and 5. Section two contains a description and analysisf
df the findings related to hypotheses 1 ‘and 4. The hypotheses were

grouped as indicated because of their relationship to statistical

.f",’

correlations and- analysis of variance, respectively

. ~ |
- _FINDINGS AND ANALYSIS WITH RESPECT TO THE HYPOTHESES /

-

-~ . . . ,

During the testlng and data collecting, as degcribed in Chgpter 3,

certain data were collected for the subjects and subsequently ﬁgcorded

’ .

on the individual spmmary sheets.

The variables;and scores tabulated in Table 8 are Agey Grade (GR), .

LIRS

Sex, Verﬁal“le(VdiQ),.Nonverbal IQ (N.I1Q), Mathematics Concepts
Percentile (MC) Mathematics Problem .Solving Percentile (MP), and

_Probability Test Score (FS)
The data which”corresponded to age; grade, and sex were coded for
use‘by the computer as follows: |
1. Age. lhe sample oas divided into two age groups: high age
group and low agelgroopg. The\critical age used to divide the sample

-~

:was_9 years 7.5 months. L £
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SUMMARY OF SUBJECTS' VARIABLES AND SCORES

~TABLE 8

1

b

-

Y.l

Subjuct Age Gu. ., Sex n.1Q MC w [ ¢
1 0 3 o s 13 56 76 n
2 K 3 ° 126 425 " Y 20

3 0 3 ° 106 ns 4 m 0 u
4 \ \ 2 o 92 % 43 22 20
s 1 \ 4 [} 108 1ns 35 3 2
6 ! 3 1 96 7 Y] 2 1
7 0 3 1 Y 110 23 43 1
] 0 3 i nz 107 at 27 17 20
9 o 3 i L1139 14 \ .2 (Y} ¢ 15
10 o 3 1 106 106 i 0 22
w1 0 3 0 108 9 12 8 I
12 ) 3 0 108" 12 38 % (S
|
13 0 3 ° 109 105 24 0 .26
14 "o 3 0 133 125 95 9 Co28 ”
15 0 3 ° ns - 100 6 43 0
16 ) 4 1 88 108 4 3 22
Y] ) 4 1 " 108 55 60 2s
18 0 4 1 150 130 99 3] n’
19 a 4 1 85 92 s 60 1s
20 1 4 ¥ 97 % 36 21 23
2 o 3 0 KR 98 b1 N\
22 o 3 0’ toam 14 3 72 20
2 . .3 o m 118 1) 6 25
24 o ! 0 s 125 76 ') b2}
25 0 \; o 133 9 67 9 »
26 ) 3 1 100 85 14 43 16
27 Yo 3 1 %0 87 © 34 1%
28 0 3, 1 . 103 89 1”2 2 T
29 1 3 ! Y 1s 56 43 18
30 0 3 | 122 TT 7 89 2
n 1 4 o Tt 19 » 55 10
3z 1 4 "o 107 107 2 8 1.
1 ) 4 0 n7 1n2 7 12 P
N 1 4 0 103 98 0 3 13
35 ° . o ) 98 a7 21 17
36 1 " 1 84 1o s . 17
n 1] 4 1 108 97 13 24 1?7
38 ° 4 1 129 He . 55 .88 2
39 1 4 i M6 114 55 29 22
40 } 5 1 nr L) 69 9 23
4l 1 4 0.- 101 119 40 0 2
42 iy & T o 106 109 [} s n
43 ) “ . o 125 122 69 23
4 1 4 0 135 127 99 97 n
45 0 3 0 109 127 A 1" 1.
o 1 4 1 1no 124 47 . 1
4\( 1 ~ 4 ' 123 125 st 0 30
a8 1 4 1 133 i 9 75 22
4 0 4 1 126 - 14 40 50 3
50 3 “ 1 99 96 5 2 23
51 N 4 0 * 105 107 40 17 . 18
52 R 4 ° e 121 Y] N 2
53 1 "4 ° 109 110 2 60 21
54 1 “ o 2 108 36 9 i
55 o 4 0 9% 107 ) t 15
56 0 4 1 129 125 n 55 23
57 f ‘. 1 g 109 33 47 1
58 0 4 1 ni 3 16 55 1
59 1 4 1 104 2 55 3 »
" 60 1 Y "1 NP1 1z a - 25
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Tﬁe codes for the age groups were:
-a. low ége gr§up ... 0O, ' \
., b. ﬁigh age group ... ll. ‘
2. Grade. Two grade groups naFurally arose from the
selection of th;xsample; gradg 3 and grade 4. These groups were
coded by‘theii cérresponding grades; | i
a. éréde three ... 3,

b. grade four ... 4.

3. Sex. In the selection of the sampie, two equal groups of

- students were obtained for the pérameter male and female. .The codes

A\

\

s

for the sex groups were:

a. female group N ‘
‘ . . i ' !
b. male group ... 1. /

' ) ' 4 K

. All ‘other variables were entered on the computer cards using
the numerical values of the variables.’ -

The Hypotheses Related To StatisﬁiééI Cbrre1ation Coefficients

- . H

: A

ThehPearson‘prodUCf ;.mémép£ E6ffelétion coefficient was used
to obtain a'14AXl14 gorfeiation:métrix, fakle 9, for the 14
\yariables identifiea iﬁ‘Chéétér 3. The stagistical T Dgram,'_DESf
‘02, which is a computerized éfafistiéél program maintained by tﬁé }

Division of Education Research at the Uniﬁersity of Alberta was

used to obtain all correlation coefficients. The computer printout

also indicated the mean, variance, and standard deviation bf the
] i

distribution of scores for eath’of the variables, (Table 10).\ The

t
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TABLE 9 R
‘SQ * . B .
CORRELATION MATRIX FOR THE FOURTEEN VARIABLES ‘
Varisbles 1 2 3 4 s 6 ? [} 9 10 n 12 13 1
1 1.000 0.594? 0.599  0.712  0.434  0.363 0.464 0.133 0.388 0.326  0.298 0.173 0.A74  0.491
2 1.000  0.578  0.530 0.451 0.411 0.466 0.227  0.46) 0.300  0.234 0.236 0.3 0.516
3 1.000 0.653 ©0.478 0.35 0.487° 0.265 0.393 0.240 0,535 0,030 0.507 ' 0.513
4 1.000  0.351 0.351 0.448 0.188 0.297 0,278 -0.318 0.188° 0.410 0.450
3 1.000 * 0.648  0.556 0.426 0.566 0.569  0.595 0.310 0.547 0.837
6 1.000 o.\zs 0.564 0.l657 0.499  0.438 0.659 0.487 0.875
" \ 1.000 0.579 0.707 ©0.426  ©0.381 0.479 0.53)  0.866
B : 1:000  0.486  0.182 0.287 0.335 0.211  0.613
9 ) 1.000 0,216 0.349  0.383  0.474 0.788
10 ~ 1.000  0.23% 0.257  0.115 0573
Ny . - f@p 0.153  0.413 - 0.635
1 ; o T 1.000 0107 6.564
13 « 1.000  0.608
14 \\ 1..000
. TABLE 10‘

f

1, VARIANCE, AND STANDARD DEVIATION FOR THE FOURTEEN CORRELATION VARIABLES®

:
Vnri’bis; s Mean’ Vsriance Standard Deviation
" SEENEENEES SRt ’
1. Verbal 100 L, urneg 188,434 13.727
2. Monverbal 1Q 109.966 138.564 n.m
3. ‘Math Concept Lile 45016 745,480 : 27.303 -
y g . - N
4. Math Problem Solving Xile 751,333 g i 780.285 27.934
5. Concrete Mode 7450 3.181 L 1.783
¢t -
6. Pictorial Mode T 1.5%0 3.581 1.092
7. Symbolic Hode 6,733 ‘062 v 2.205" - )
8. Coacept & . 5.367 ) 0.632 : 0.793
. « v N
"9, Concept B 1917 X 3.410 ~1.847
10. ‘Concept G - 4.133 T 2.6 1.617
\ 11, Concapt D < 4.700 1.9t0 " 1.382
12, Concept: E 4783 1.236 \ 1.2
N N
13. Concept F 0.783 1.301 1,142
: 14, Total Probabilicy Test ' 21,733 25.596 5.059 .
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A\

" critical value_of the correlation coefficients needed to reject the

null hypotheses at the .05 level of significance -is r>0.250.

v

1. .Hypothesis Two.

There is no significant relationship between the scores’on the
probability test and the score@-sn the:
af" standardized verbal intelligence test.
\ _‘b. standdrdized nonverbal intelligence test. .
| £, standardizedrmathematics_concepts test.
d. standardizedfmathematics problem solving test

After testing this hypothesis using the Pearson product—moment

;-

”correlation coeffic1ent test, the null hypothesis was rejected at the

.05 level of signiflcance T y

The correlation coefficients contained in Table 11 indicate that :

verbal IQ, nonverbal 1Q, and the subJects performances on mathematics
concepts and on mathematics problem solving tasks can be used as.

predictors for the scores obtained on the probability test.

-~

TABLE 11

\ A

CORRELATION COEFFICIENTS BETWEEN VERBAL I%, NONVERBAL 1qQ, MATHEMATICS s\
: CONCEPTS MATHEMATICS PROBLEM SOLVING AND THE PROBABILITY TEST SCORES |

\

*

/~, ; v.1qQ x.1q R W )
Vg et 1.000 - 0.59% . 0.$99. ©L0.m2 0.491
N.IQ ) C 1.000 0.578 0.53¢ (0.516
s " 1.000 0650 .. 0513
W \ " ' ’ 1.000 0.450
¥s " 1.000 -
: a




“in pairs, indicate two expected relationships.;

"

-~
N

The correlations between the variables verbal IQ, nonverbal IQ,
mathematics concepts, and mathematics problem solving when considered
a. A correlation exists ( r = O 712 ) betwaen theﬁhubject s
verbal IQ and\his ability to solve mathematical problems.

‘Since. reading ability is closely related to the ability of a

63

subgeﬁf to transfer a written mathematical problem to a numbef sentence,ﬁ;

N N (;! i , C i o ;,7{ ' ‘«' 5
_this high correlation could be: anticipated - ’ f'vﬁ 5 T

b. A correlation exists (,r = 0. 650 ) b?tween the subjects
performance on the mathematics'concepts test and their performance ‘on"*
the mathematics problem solving test. o i%-‘

YThis expected correlation could reflect the parallel development

X -
of mathematical concepts and mathematical problem solving as deter—

v p
s .

mined in the curriculum. o . ST
) \ : . ' /
2. Hypothesis Three. = [

f
Given subsets of scores.of the probability test, there is.no
51gnif1cant relationship between the scores obtained/by_;hbjects in:
La. 'the concrete\mode and the pictorial mdde.
\_/
b. ' the concrete mode and the symbolic mode
' c;v"the pictorial mode and the s?hbolic mode. L
The correlation coefficients that reSulted from testing the mode

scores in pairs ‘and the correlation coefficients that resulted whenv

gbe individual mode ‘scores were compared to the probability test

scores are indicated in Table 12 Clearly, the null hypothesis was \

rejected for each relationship at the .05 level of significance.
" Two general statements can be made. There is little difference

in the range of the correlation coefficients. when the‘modes:are



TABLE 12

CORRELATION COEFFICIENTS BETWEEN THE CONCRETE MODE cw, THE PICTORIAL,'

MODE (PM) THE SYMBOLTC MODE (SMZ AND\THE PROBABILITY TEST SCORES-

o ™ s rs
— . .
o . 1.000 0.648 . 053 0.837
Py \ . 1.000 2 0.626 ' 0.873
Al : ' ~ R )
1.000 0.866
1.000

considered in pairs ( r,= 0.556~to r = 0.648). - There is also very

'little difference between the correlation coefficients of the individ-
ual mode scores and the prohability'test scores. The highest cor-

\relétionbcoefficient (r =10.875 ) is between the perfor@ances”of
subjects in the oiCtoriél mode end their performances on the total®
. o , . 3 \

probability test. ’

o3. Hypothesis Five.

Given subsets of scores of the probability test, there is no

~

significant relationship between the -scores of\concepts A through F

~.when the subsets of concept~scores are\considered in pairs.

| ‘ Thé“correlation coefficients that resolted from the anaiyeis of

the-nolljhypotheeis 5 are summarized in Table 13;

S The correlation coefficients identified by asterisks indicate
all the null hypotheses tha; were not rejected at the .05 level of

_ IR N o
‘ significance. All other null hypotheses\were rejected ;

The concepts‘were_ranked according to the total number of "
correct responsee given by the}subjects.(Table 14) . Since six \

>
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TABLE 13 o)

- CORRELATION COEFFICIENTS BETWEEN PAIRS OF CONCEPTS AND BETWEEN -

INDIVIDUAL CONCEPTS_AND‘THE PROBABILITY TEST

-
(:.qt o

« o ,””  \f, 

A ’ | ] 4 D | 4 r s
: N ; ]
A 1.000 0.486 . o.rs2+ - 0.282 . 0.335 0.2n 0.613
B ] 1.000 0.2164 L0.Ms 0.3 < 0.474 ‘0.788
e . , 1,000 Coame L aasr , 01154 .' . 0sm
N ) L o . " U000 0.153e 0.413- - 0.635
] » ' . 1.000 0.107s . 0.5
v \ to ' ' 1.000 0.608
rs » [ ‘ S 1.000
]
\
TABLE 14

INDIVIDUAL CONCEPTS RANKED BY PERFORMANCE

Concepts . ) Sum Of Gcores . s B Percentuge Correct

A O 322 ' . BY.4
E , 287 L 9.7
D ' o285 ’ [ 79.2

. : S 2
c \ S sk . 7.6
B - Rt ’ ‘ . 3.1

_ “
F ' ’ 50 . 13,9~
' . . - : v, 3.

. . L. . ,‘\\
quest%Ons were asked for each concept per subject, each concept had
S o : v :
a possible sum of scores of 360.

: i A » - ‘ .
The concepts: (A) sample space - single outcome event, (E)

" impossible vs. certQin‘event, (D) more likely vs. less likely event,



74;‘1»"'”'«'

&

hf the subjects for the two concepts. (B) sample space—
bordered pafbeutcome exent and (F) probability of a-simple event
indicates that. students who are at the end of grade 4 have not
acouired an intuitive understanding ofiordered pairs or ratiosf- It
can bedassumed that this is largely the resultrof these concepts,

ordered pairs.and ratios, being introduced into the mathematics

~

curriculum at a higher grade level. Although the~performance level
for concept D was very low, 31.1%, its correlation coefficient to
.the scores of the probability test was extremely high (r=20.788).
This would seem to indicate that if the gtudentsrmere able to
correctly idéntifyAthe ordered pair outcomes fgw a probability

concept, they were also able to perform well on the overall prob-

ability test. o : B

~ The ‘Hypotheses Related To Analysis of Variance
. , | N
A one-way analysis of variance test, ANOV 15, was used to analyze

Jthe data‘for Hypotheses one and fdhr, ANOV 15 is a computerized sta-
‘tiSticai'program maintained by the Division of Educational Research'at
the University'ofiAlberta. This program is also designed to provide

values of: ‘the Chi Square test for homogeneity of variance, the

v

Scheffe multiple comparison of means, and the Newman-Keuls comparison

between ordered means. The results of the Scheffe multiple comparison

of ‘means and the Newman-Keuls comparison between ordered means were

.o
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not used for analysis of the data.
i \

1. Hypothesis One.

. A . -
Given subsets of scores of the probability test, there is no

significant difference’between the means for:

a. the high age group and the low age oup.

b.,. the grade three students and the grade four students.
W . .

c. the boys and the girls.

2  The values of P in the analysis shown in Table~ 15 iﬁaicate that

‘TABLE 15.

n ~

ANALYSIS OF VARIANCE ON THE CRITERIA OF AGE, GRADE, AND SEX

™ . N

Vartubles 58 s - or ¥ ?
Age:  Butwesn groups . 2.62 . 2.62 B T ) 0.10 0.254
Within groups T NT 26.43 - " 8 ) : \\
Grade: Between groups 85.6} . 85.61 1 3.42 ) 0.069
Within groups ) 1450.13 . 25.00 58 s
. ~
\ , ) E . R
Séx: Between gruups 2.40 2,40 1 0.09 0.764
- Mithin groups C1533.3 26.44° 58

Nl °

the null hypothéséé as stéted\kor age, grade, and sex are not rejected

L]

at the .05 level. )
For the purposes of the analysis, certain.subsets of the‘sample
were deterﬁined. The_distribution of subjects by age is illustrated
in ?igure 3. de relatively“equal dist%@butions were achievedﬂyhen
f'éges were separated at 9vyeéis 7.5 months. Figure 4 show;‘fhe

comparative.sémple distributions fér age, grade, and sex.

» o
[y
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The probability factor (P =>0;06§') that resulted as to the‘
effect or’grade approaches significance.at‘the .05 level. .It is
'possible to assuée that this may be the result,of the subjects’
~years of formal education. Since gradeVA students have one more
year in which to experience the formal’ presentation of mathematicsr
concepts tﬁan do the grade 3 students, this effect of grade could be

Y

anticipated, -
| It is noted that the probability that the differences in grade
‘means would occur from‘randOm selection is relatively low ( P =0. 069 ),
while the probability that ‘the differences in age means 1s very high
(P.=0.75 ). This appears to be a contradiction.. There-are two
faetors,,howeyer, which need to be considered. \
‘bltj Sinee the correlation‘coefficient for~age is.relatively v
high, one probable cause is thatviormal probabiliy'poncepts are not
present in the;environmental experiences of a child outside of a
formal school experience.
| 2,k’The second_probable cause isdthat—the sub—sample deter— :
. mined by the variables of age and grade were not similar<subfsamp1es.
VThe frequency distribution for age and grade indieates’that age was
not a completely‘reliable indicator of grade; Table 16*shows.the‘.“
) cross'sampling of.age and‘grade;f
.The mean score, variance,band standard degiation for each of

the six sub-samples determined in this hypothesisfand the totdl,

probability test are given in Table 17.

&
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. TABLE 16 . -
BIVARIA?E FREQUENCY'DISTRIBUTION FOR'AGE AND GRADE
. Ag
\ s ¢
- ‘ Lov utgn
. 3 30 '3 25 .
™ Grude ° \ J -
\ ) ’ ! . '
' ,(. % N 35”.
3
T 29 n . &0
: o ]
GRADE, AND SEX
N lhqn‘ N . _+ Varfance A‘ ’ Scandard
\\ Scots - Peviation
: Low aya group ' 2!;51’ : 26.759 : 3.7
‘High aga group R T3 1 .03 S T sz
Grade 3 .5 0.320 18.310 S s
Crade A : 22,743 29:722 oo 5.452
Female . S ©21.5m 9.220 - . 5.406
Hale _ 7.9 2,651 o 4.863
Totul ' Couam 25.596 .. s.0%9
: . _ ‘ )
2.  Hypothesis One Prime. .
Lo L S & .
Given 'subsets of scores of the four concepts: sample space-
single outcome,event, impossible vs. certain event, more likely vs. :

. _ y
less likely event, and equally 1ike1y;event (concepts A, C, D, E,)

there_isvndbsignifiCant difference

between the means -for the gradé



A

‘ as determined by the analysis are summarized in Table 18.

/

three students and the grade four students‘ The probability factors

«

As indica-

ted in the table, the null hypothesis is not rejected at the .05 level.

\

A

TABLE 18

|

¥ ANALYSIS OF VARTANCE ON THE CRITERIA OF GRADE FOR
‘ , J. 2 :

e

-~

CONCEPTS A, C, D, & E

8s .. . oF r r

£ .
Betveen groups AP Y 0.79 . 1.19

. Within groups 0.386 0:,67 58

'determined in hypothesis one, approached significance.

:which were performed at an ]ccuracy level above 70/ (Table 14)

L

o \\ " . )

This’ hypothe51s was, formulated because the " effect of grade, as

In con31der—

in thls factox it seemed plausible to determine the effect of rade
g %b / g
. . o

on the performance of students for the four concepts A, C, D, E,

1.
/The data recorded in Table 18 strengthens the prev1ous discussion

A

\‘which suggested that the student s 1ntuitive understanding of some

v

probability concepts does not relate to the‘number of years of formal‘

educatlon each student exﬁ%riences It further suggests ‘that when e

the concepts {B F), which were poorly. performed were included in

hypothesis ﬁne the effect of grade became more apparent It appears

that when the subJects were faced with the more difficult probability "

~

. questions the. grade four subJects had better performance.. S

3. Hypothesistour.

Given subsets‘of scores pf‘the probability test,fthere is no

71



significant difference between the overall mode sequence mean and the

mean in each of the.mode sequences:

a. Concrete mode - pictorial mode - symbolic mode.
: , I '
b. Concrete mode - symbolic mode - pictorial mode.

c. Pictoriai mode ~ concrete modek“symboiiclmode.

d. Pictoriaf\mode - symbolic mode - concrete mode.

Ae. Symbolic mode - concrete mo@e - pictorial mode.

f:\ Symbolic mode - pictorial mbde ~‘concrete mode;

The aboue\null hypothesis;'as eupported by data in Table.i9 was

. |
not rejected. i

\

£ TABLE 19 o

ol

ANALYSIS or VARIANCE ON THElCRITERIA‘OFQSEQUENCE'OF MODES

1

~

ss : s oF | r r.

Between groups . » 7.840 R 8.7/ - 2 . 0.24 0.945

Within grovps 1139.406 6.5% 174 _ T

. . .
1 E .

The hlgh ptobability obtained in the analysis of the data for

_ £ : .
hypothesis four may beiﬁhe\result of the limits devised.to control

the teachlng effect in’ administerlng the probability test (Chapter 3)

u o1
The mean score:. ariance,\and ‘standard deviation for each of the-

s . . .
-

six ‘mode sequences and the overall mode sequence are given in Table
20. The means . range from a. minimum of 7.033 to a maximum of 7.667.
For the variables of age, grade, sex, or mode sequence,

probabilities (Table 21) that have been obtained by the Chi Square )

72
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Homogeneity of Variance Teét give no evidence that the assumption of

homoéeneity of variance is violated.
|

TABLE 20

THE MEAN, VARIANCE, AND STANDARD DEVIATION FOR THE SEQUENCES OF MODES

\
A
\

Hean Varisoca . » Standard
Score Daviation
I -1t -111 : 7.033 5.670 - 2.30
1o -1 C7am 6.051 2.460
. ‘ /.
1~ 1 - 11 : 7.133 5.706 / 2.388 -
-1 -1 . - 7.667 6.989 L/ 2.644
HI-1-1 7.333 , 5.402 2.324
1 =T -1 B 7.167 9.523 3.086
. L
Total o 7.244 6.374 o 2,525 \
\ -
. 7
..~ o TABLE 21
P
. \‘ . . L.
CHI SQUARE HOMOGENEITY OF VARIANCE TEST FOR AGE,
GRADE, SEX, AND SEQUENCE
. ;
~ - \U
Y- : ’
‘,} . . . e s
! P ( O = - : .
\f _, N ) / Chi Square N Probabtl ity - ’
: . . ‘ ,.
- . P P T
Age _— R T 0,00 o 0.543 “
Crada ‘ ‘ . 1.564 ' o211’
Stx ' ¢ o.0¥ ' : " o1y L A .
Sequence A ) _ 3.506 o " o622 -




Chapter 5

’ [N

SUMMARY, CONCLUSIONS, IMPLICATIONS, AND SUGGESTIONS

i
\

FOR FURTHER RESEARCH ‘ \
. SUMMARY

The purpose of.this research was to identify some basic concepts

in probability mathematics and to determine if students of grades

three and four had any intuitive understanding of these concepts It

-,-antic1pated that the concepts identified.could be Sequenced as to

ES
%div1dual suitability for 1nclusion into the mathematics

‘ ”'«,

curriculum for the middle elementary grades

'/ b
Y

Twenty-five grade three students and-35 grade\four students were

selected,so as to ensure ‘30 male and 30 female subjects. \ Group tests

N -
-

c; ,were administered to-the sample to obtain subJects verbal and non-
verbal intelligience quotients and thelr mathematics concepts and4
mathematics problem solving percentiles The probability test was
then.administered to each . subJect in two interviews with the researeher.

,Each interview was. audiotaped and student responses were soored from

*

the tapes at;a. later time. Six concepts were. identified and'testedle
- ‘» » = S e ’
Twowquestions per concept were developed for each of the- concrete, NV

pictorial and symbolic modes. In total, the probability testj
" consisted of 36:questions,' 5 . "“:;
. N N ’ : V- ) : . /

o .
The six concepts identified were: A. sample space single

.- outcome event, B. ,sample space—ordered pair event, C. equally likely

p,& -
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\

- 1

event, .D. more likely vs. less likely event, E. impossible vs.
'certain event and F. probabiliti'of a simple event. >Concepts A, C, .
D, and E were performed above 70% while concepts B and F were
performed at 317 and 147% respectively.

| On the basis of all data.obtained, theneffect of age, grade, aex,

and sequence of modes on subjects' performance of probabilityhconceptsl
was to be deternined The predictor effect of individual subject” s
VIQ, mathematical abilities and their performance on subtests of the

total probability test was also to be identified in relation to their

performance on the overall probability test

" CONCLUSIONS

Concluiions:With Respect to the Hypotheses

~

Hypothesis one: According to the results of analyzing the
. . ’Gﬁl . ‘ ) Y~
data related to hypothesis one, there is no significant effect of age,

grade, and sex on subjectsi performance‘onbthe probabilityfteét.w The
initial analysis seemed to inditate that the effectbof grade (P = 6.069)

may need to be tested further. Therefore an additional analysis was

L

_made on the effect of grade and the subjects performance of the four
'concepts that were‘well understgg . The recult of ‘this - analysis

'confirmed that the effect of grade (P = O 28“) was'not significantl

: It can be concluded that age grade, and sex had,no effect on the

~

_subjetts performance on. the probability test.

Hypothesis tho: The,evidence that resulted from the, analysis

of the data related to this hypothesis indicates that tbe subjects'

. t
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LA

individual verbal I1IQ, nonverbal 1IQ, ability to understand mathematics

N
~

v . = Vo
concepts, and ability to solve mathematical problems may serve as
'predictors for performance on‘concepts of probability. The correla-
tion coefficients that Tesulted when the relationship between each of

the four variables was tested with the scores of the probability test

had\a mean of 0.493 with a standard deviation of only 0.030.

|

Hypgthesis three Contrary to the conclusions in much of the -

3.
%

literature, the effect of mode embodiment was ‘not found. to be signifi-
-
. cant in this study. It is recognized however, that two questions for

-'each concept perxmgge may b@égij . tation of the study ‘This 1imit-

ation may have contributed - vﬁggiis unexpected corrclusion. It can be
concluded that no one mode embodiment was advantageous to the subjects:.

\ e
\

Hypothesis four: The sequence of the modes, as‘indicated‘in this

ahypothesis, was inixyduced as a control on the teaéhing effectrthat
, 5 i .
could result in testing ‘a number of questions for a particular concept

It was found that the individual mean scores for the six mode sequences

did- not differ significantly from the overall mode sequence mean. -
,"\‘,1“‘ : : \

I8 This suggests That ‘there was no measurable teaching effect as a result
oflthetmode sequence used-in the questioning procedure of the testing
.instrument. It can be concluded that the mode sequence used in

testing any specific concept was not advantageous to the subjects_

R

¢ ! S .
tested. - . _ .
I3 : : ) M : : W

_ ) . < —

Hypothesis five: On.the basis of the results from this hypothesis,

the following conclusions were determined. T

§

There was found'to be no significant relationship at the .05 level

_of significance between the_subjects' scores for the.following pairs

'of concepts (See Table 13). -



a. Sample space-single outcome event and equally likely eventa>'

b. Sample space-ordered pair outcome event and equallytlikely

event.

3

o
c. More likely vs. less likely event and equallytlikely event.

‘Td.“FProbability of a simple‘event and equally likely event.

e. More likely vs. less likely event and impossible vs. certain

g

«

event.
f. lmpossible vs. certain event and probability of a simple

event.
’

There Qés a significant relationship determined for each of the nine"
other. pairs of concepts tested @

The perfbrmance of - the subjects for four of the six’ concepts,
‘when scored as individual concepts, was 70% or greater These four
. i . ]

concepts_were: sample space~single outcome event, equallyplikely‘

" event, more 1ike1y vs. less.likely event- and impossible vs. certain -

‘event. It can be concluded that students, by the time they near‘
completion of grade three have an intuitive understanding of these
‘four concepts of probability The performance of the subjects forthe

other two concepts, when scored as individual concepts was 314 and 144

SN

reSpectively These two concepts weére sample space—ordered pair out-

come event and probability of a simple event .It can be further

RPN

. N \ »
,concluded that an intuitive understanding of these two. concepts is

-

i s..:

f'not>present'in students; even when they,near completion of their -
fourth\year.of formal education.
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IMPLICATIONS

‘Severalhimplicationsﬁcan be drawn from this study for mathematics

N

educationi? The first relates to the major pnrpose of'the.studf:
,Students can understand and in fact have anvintuitiVe understanding
of at least four basic concepts of probability by the time they N
. complete grade three. Teachers sh0u1d plan activities for the -
rdevelopment of these concepts during the middle.elementary gradesb
The vocabulary needed is not difficult and in most éa;&; it is being
used by the students already.
| Students often are led‘to.believe'there is only one correct
kansder for any given questioK."Certainly thié cannot be true‘in‘the
real world. With the inclusion’of probability in the elementary ¢
mathematics curriculunafqtughnts'conld be taught the importance of’
alternativeisolutions.wﬂ \-. |

bThe results.of hypatheeis_three inply-tbat any one node is as
'socoesetul as another when it”conesbto‘preeenting probability . ;
;problems;. However, eince students react bea: to a variety of

materials and settings, it canabe impliedtthateconcrete,'pictorial,
, and.stbolic'materials can -be used with equal efficiéhc& or be used
at the same ¢ime to .provide instructional variety.

t

Since no significant relationship was f6Und'between the Subjecte\‘4
scores of all other conoepus when tested in pairs, it can be implied
that students develop the concept of equal" earlier in life than

- they do the other probability concepts Since "eqtal"‘can mead "of

- .the same quantity, size, value" (Webster),-students have probably



"been exposed to this concept, even in their preschool years. All of -

-the questions asked for this concept in the probability test instru-

, ment, centered on the rational fraction concept, one-half. Kieren
and Nelson (1977) and Noelting (1978), found that the rational

' concept of one—half isvarmulated by children during the first.stage‘
~in the development of rational number thinking It is then possible
to infer that'the concept of g%ually likely could be introduced, in

a formal situation, to student&?in grades one .or two. Squire (1978)

J

determined that students infgrade one do. intuitively»understand the

A
y

‘probability‘concept of equally'likely. ‘ i

The introduction of probability to thedélementary curriculum -

could prov1de an. affective motivation f01‘b

specific data were recorded on the affecti%g‘ ehav1or of the subjects
~ - - .f““\{ £ T
as they were being interviewed some impregifbns remained-with the

researcher The subjects were enthused about the\idea of taking the

'probabllity test. Their enthusiasm may have been the result of
e m':, ‘

\_being able to handle new materials,’ and of being audiorecorded, how-

ever 'such techniques are available and relatiyely common in‘most
classrooms. Several students were asked if thEy would be willing to

stay and take the test during a- recess or noon hour period Each'

~

seemed fascinated- by being able to "stay"’ in" and take the test.

-This apparent Enthusiasm expressed_by the,subJects toward .
probability could be utilized by instructors of elementary math-
L . RS- I .

ematics. . Thewinclusion of probability in the elementary mathematics

curriculum beginning at the middle"elementary grades could provide.

the desired affective change in.attitudeLabout mathematics needéd by

M . i

students., :Although no

79+
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many elementaf& students. Tt would seem that this factor alone would

serve as sufficﬁent reason to teach probability
\

. \ R ’ N D e
{ \\\ < : ‘ ﬁ: !
L QUGGESTIQNS”FQR.FURTHER RESEARCH o

\ : \\\ Vo . “e"' ; \

The main purpose of this study was to survey the level of
intuitive understanding of probability concepts of students in the
middle elementary grades. No attempt was made to test the feasibility
of teaching probability’concepts to grades°three and four students or
- to students of any other elementary grade~ The main recommendation
for further regearch is that the study be replicated with’ improvements
The study could be impro“ed by the use of a larger sample, selected
from a variety of schools.

A;reiatedvrecommehdation Vith‘respect to curriculum development
\could emerge from such‘replication. An instructional unit or units
-could be.developed using the concepts sample Space—single outcome,
equally likely, more likely vs. less likely,:and impossible VS,

_certain. Squire (1978)»also supports is recommendation. He

suggested that Shepler s (1969) propos d sequence for developing\
[

research based curriculum materials using behavioral objectives and

task analysis could be Ased by those who would design such units Dy v Tt

Tﬁe development of rational number ° (fraction) concepts has ieng A; ‘

been- connected to a predetermined number of parts of a whole " This

whole is most” often a pie geometric-figure,'or-a unit length of a

~

piece of-paper. Researchers could use a variety of fractional

proportions possible in the probability concepts and develop these . =

into units for teaching of probability but also for the teaching of

—_—
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4

fraétibn concepté. A‘ﬁost interesting gtudy‘wéuld~}esult throug;fthg
developmenﬁ\of sucﬁ a unit which could be used in an experimental- - “
cbntrol‘type'of study.

| When studies\of this nature are cdmplétéd with implicatiohs that
additional méterial and conéepts should bg_included'in a specified
curriculum,nthe_question of availablé‘class timé gecomeQ a critical
issue. With hand held calculators becoming readily available, and .
their use recommended in eleﬁentary mathematics classrooms (NCTM,.1978§
NEA, 1977), a study'could bésdesigned to determine if the use of ”

calculators would free sufficient time within the present curriculum

frame rk-to include the instruction_of\probagility concepts.:

\
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| APPENDIX A /

~ QUESTION- PROTOCOLS .FOR PROBABILITY TEST
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1. Concept: Sample space-single outcome. ; SN

o

Mode: ‘Symbolic. o o ' : ' S

Materials' Nﬁl o o L s : ffi\\

ﬂrotocol‘1 Thére are four yellow tennis balls aad two white \\\

. tennis balls in a° bag 1f &ou were to reach into the bag and. .
pull out one tennls ball, what possible qolors‘could it be?

2. Concept: Sample space—single ontcomév ‘ -
Mode:..SymboliC. ' e \ S

Materials. Nil.

¥

Protocol Ehere are-five yellow bean, three black beads and
'two green\beads in a jar You can use‘the heads to make a
' necklace for ‘your sister' s doll  You can use as many beads as
'fyou like and as many qolors as .you like. What‘are‘SOme:ways“you
f can nake the necklace?:' S R S , ,;

L TN -

‘3. Concepﬁ: Sample space4sinéle outcome.

Mode: Pictorial -  ;_f:?.;ﬁ y;-f

‘.Maﬁerial

51 An 8“ X 10" color picture of three red marbles anc

'.'twoFblackhmarbles

See’Appendix-D.;lﬁﬁ’w ’
Protocol: Here is a picture'of,several different colored

'mafbles.. If you were asked ‘to ma&e different groupings of these

<

marbles, what are some possible gﬂoupiugs you could make’

4, Conceptﬁ‘féample space¥slngle?outcome. e

"Hode;.‘Pictorial. ' B .;i;jlf  {23’”fi;4 v



5.

5.
o

'Coneept;-'Sample\Spacevordered-pair outcome.

\

-MaterialE: An 8" X 10' color picture of a- plastic spinner that -
has two—fourths green and two-fourths orange.

&,

sé& Appendix D.

Protocol: Here is a plcture of a spinner.; 1f you were to spin

‘the spinnei,'what pdssible_eolors could 1t stop at?
Concept: Sample spaca~single 6utcome(7

Mode: Concrete.

Materials: One lafge Plastic spinner which is pne:half brange
and. one—half green '. - ST

Protocol Please look at this sPinner. You can try it if you

like. 1If you spun tné arrow “what possible colors could it st0p

)

 ,at?‘
\
-Cencept:\iSample sbaceesingle Qutcome; :
e o N, :
Mode: 'Cpncrete;.' y " oA '

‘Materials: A painted block with two, sides blue two- sides jellow,‘

“

\and two sides orange

. "".;

.aProt0cols: Here is a small painted wooden bloCk Please‘look

at how it is painted, If you were to.roll the block, what

possible,colors could stép on top? - f‘-e‘ L C o

‘\‘ .
Mode: Symbolic. !
Materials: Nil. - - |
Protocol: Suppose there is in a contalner on thaf table, two

ellow tennis balls and one white tennis ball Beside it is a

91



8.

- 9.

'
i

pinner that is one—half orange and one-half green. ff you were

to first choose a ball, record the color of the ball, then spin -

- -

the spinner and record the color the arrow stopped at, _what -
\ ‘1 v

possible combinations of colors couId you expect? ‘(The number

: and color of objects can be repeated)

Concept: ' Sample space—ordered pair outcome.
Mode:. Synbolit.
Materials: Nil. ° ' ‘ N
- e ‘ . . ] ‘\\

v

Protocolz Pretend you have two Yellonibeads and two blue‘beads.

Uin’youryleft pocket,‘and in_yonr right pocket you haVe‘tﬁo black

2

_ beads -and one white bead. If you first took a‘bead.from your“

Teft pocket and then one from your right pocket what possible

fcolor,combinations of beads could you.get? (The-number_and
color.of beads in'e pocket can bé repeated)

Concept: Sample space—ordered pair outcome.
- D .

nthode?_hPictorial

10.

 Materials: An 8" X 10" color picture of four beads, three red

and one white and beside them b blue block
‘See Appendix D. |

Protocol- “Here is a picture of four marhles and a painted bloek.
1f you were to first select’ a marble to get one color and then

roll the block to get the second color, what possible color

'combinations could you expect to get?

Conceptf‘:Sample_spacedordered‘pair‘ootcome.'

92



2.

' and two yellow S

‘ ConCept; Sanple space—ordered pair'ouécomej?'

3 ; ‘ ) ' . - = s .

" Mode: Pictorial'

5
-

. Materials An 8"'X 10" color picture of ‘a spinner, one-third

7

fred and two thirds yellow, and five tennis balis/,three white :

< . -
1

<

,See Appendix D. 1‘- : : o S i

&

'ﬂProtocol:‘ If you were to use this material what possible

' color combinations could you”get by first spinning the spinner

and then choosing a tennis ba117.
.\» - . \

Concept:. Sample'space4ordered pair outcome.
.Mode:. Concféte. RS
‘Materials: Two spinners: the first one is two-qnarters’green
and twb-qnarters orange, the second one is one-third red and
two-thirds:yeilowf | -

Protocol: Here are two spinners. “You are to spin this one

first (point to the green and orange spinner)‘té.get'one color;

o

then spin this one second’ (point to the red and yellow spinner)
“to get the other color., What possible color combinations could

youfgetlby spinning both spinners ? R

Mode; " Concrete.
Materials: A paintedvhoodenﬂblock(nith\tno:sioes green, two

sides red, and two sides white. Three green beads and two

) yellow beads

_Protocol: You are again to “think of the possible combinations

»

of colors you can obtain by first rolling this block and then

-



t3.

A

Materials: ANil.. R N

. Materials: Nil. v ° o B A'.‘ o : -2

. and three brown

S B o L . . ;
7 S . . !
\ | »¥

‘selecting a bead. What could the;possib1e4combinations be'?"j -
Conceptﬁ Equally likely.
‘Mode: Symbolic.. N

Protocol ‘ Pretend you have ten marbles in a bag. ﬁhere are only
two colors of marbles in the bag " You are to reach into the bag-.
,and bring out one marble. 1f you had an” equal chance of~getting

either color of marble, 1w many marbles of each color would

'there be in the bag’"

o

Concept: Equally likely.i ,

-Mode®. Symbolic

"Protocol (Before asking this question, ensure the- subJect

dknows that a block has six sides) You are given a block to paint

<

1f you wanted each color to have .an equal chance of stopping ‘on

- top, when the blocﬁ is rolled " how many sides would you paint’

each color?

-

,ConCept: Equally likely

~ Mode- Pictorial f;”.d. o B T ,1v B ,&

SN

.~ :

dbMa'erials An 8n X lO" color picture of six beads, three green 0

B

_See Appendix D.

Protocol: You are to put these beads into a. bag and mix ‘them. by :

shaking the: bag. You now reach into the bag, get a’ bead and

_[v..



't

N

- record the cd‘or@ This procedure is repeated many times. What

color would be recorded more_or would they be recorded about the

4 same number of times’ _
6. Concept:7*Equally likely.w R _“g’ Ad. o 'FZ}H ; .l"-
. Mode: .Pictorial. o ‘ - .a"g AR

%

i

Materials:' An 8" X 10"_color picture of five marbles, three

,red and two black o R P .
' See’ Appendix-D. - ? - :- o S v

1

Protocol: You are.to select some of these marbles to put into
Va?bag.l You must select them so that if someone would reach into
valithe bag to get a marble they would have an- equal chance of

.getting either color. How would you select ‘the marbles?

7. Concepti Equally likely., ~ : l
Mode: _Concrete.
. : ol

Materials: A large plastic spinner, two-fourths green and
two-fourths orange. | ’ A

Protocol' If you spun this spinner many‘lbmes, how do you f
{think the‘number of times the arrow stopped on green compared : )

”fwith the’ number of times 1t stopped on orange‘7 Would\onefbe'

,

‘more than the other or would.they:be’the same?,

3. vConcept: - Equally likely.‘.-
‘,Mode:v;Concreteiﬂ

' Materials' Four yellow and three white tennis balls in a large

S

plastic container. Another empty plastic container. |



E

‘ N 1 T -
\ | ‘ 96
_ - S A T oy
. e ) , ~ A R SRR '
Protocol: ,You are to selectysome tendis‘balls to put into the .

. Vv _
empty container. You must select them so that if someone" were»'
v ‘ L .
- to reach into the container to- get a tennis ball he/she would
A -
have an equal chance ‘of getting a yellow ball or a white ball

,How would you select’ the tennis baﬂls’FIuv"‘ oo Lo QF_;‘» |
. ™o T Sl S "
;J.cbncept:v_Morevlikelygvs.'less"likeiy;;;“’%lgifiyasl :}_v:b '”"‘ :
_Mode Symbolic o ,:;p;b”i%g*‘ kqllll’yi,;“i,‘dgu ' :
Materials.filili;\7~" SRR o e
fn:Protocol (Before asking this question ensure the subject knous o .
' “1that a block has six sides) You are given a block to baint,- %

»_You have only two colors of paint If you wanted one color to 4)_ff-

2

‘.have a more 1ike1y chance of stopping oV top when the/block is

vrolled how-would you paint thé blook’ f -*'f','- '.*‘-nb

.. S
. . . " a »
Wl : v' N .o . o, * .
R v ; 4 L ;
M « - . N N ' . 1

R Concept: :More"Tikely,vs. less'likely; ST fffhﬁl Lf an
-j;}Mode. Symbolic BT
‘Materials Nil;v

-Protocol Suppose you have eight marbles in°a bag" The marbles

"

'are of two colors.' When you. pick a’ marble from the bag you know

A e

one color is less 1ikely to- be picked H0w many marbles are };ﬂa,w
‘?there of the less likely color7 ,,“ﬁ' 7 s', '~A'~",. e
. . . ...u.' ) .. S ‘. . al ‘;‘.—‘
?@@COﬁﬁébffw More 1ike1y vs. less likely.
~ Mode: Pictorial vf‘- 'ﬁ 47;. :il o :VE

‘Ew haterials.' An 8" X 10" color pictune of five brown beads and

“frrns wal 1A kaaﬂa



bseelAppendim D.
'Protocol- These beads are put into a bag and they are mixed by
. 'ﬂn,shaking the bag A bead is picked from the bag and its\color I
lw’i; rfcorded ' If this was repeated many times, ‘how would the number

o

of times a brown bead is’ picked c tpare with the number of times

~a yellow bead is picked Would it be more 1ess, or the'same?‘

f22ff‘Concept~_ More likely Vs | 1ess 1ike1y
T AR TR o e T o
Mode Pictorial ‘ “]»v ’; LR _; o o M” ‘g‘jﬁfi:

B S

Hﬁred and two—thirds yellow.*

. See Appendlx D <_Jm ‘“:fi o PR . ':x,nai_ﬁ'

\ . s . BN . .

EER ,Erotocol If this spinner was spun many times whaticolor‘would'

B »
‘ .the arrow more * 1ike1y stop on?'
e .-

o %3}\>Concepti' More 1ike1y vs. less likely

.. Modes . Concrete. o .
A ‘Materials: A'plastie,spinner; one;fourth‘yellew'and three-

. ‘fourths fea o ;: R R .
}JP{OtbCOl{ If ,you Spun the Spinner many times, how would thé
. *number of times the arrOW'stopped on yellow c0mpare with the
: , " X
vbun“hber of StOPS on red? C - ',',, - ./f?}

24,y Concept More 1ike1y vs. less 1ike1y

S

"Médezl Concrege. ’.* " :,f-i, . ”?,. }i‘ . - :
Materials* \Four yellow.and foér white tennis balls in a large

. -
’rv A

,:/ Materlals An 8"’X 10" color picture of a spinner with one—third

plasticvcontainer and another 1arge emgty plastic container. R
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o . » q
Protocol: You are to. select'some tennis balls to put into the
1 : !
empty container so that 1if someone came and took a ball out ?f

o
the container one colox‘would have a more 1ike1y chance of being

drawn. How would you select the tennis balls?.
‘ : ‘ i

25. Ccncept: ‘Imposeible vs.\certain.
| Mode: Symbolic. | -
Materials: Nil. | : : | ' *
fPtotoccl;_ You have a . bag with six'yellow\balls in it; If.ycu‘
_ reached in and took a tennls*ball out; what ‘color would you .

vexpect it to be? What color would the last ball be? Could you

expect to get a white ball?

26. ConCept" Impossible vs. certain,
Mode: Symbollc

D "Mate'rials:, Nil. . .

Protocol: Suppoee‘there are many beads on the table. There are'
“ditf%rent'colored beads‘withlmany beads of each color. You are
to’ select four beads to put 1nto a bag, so that when you reach

- in and take a bead you are always certain of what color. bead

“ you will take from the bag. How could you select.the beads?

27. Concept-: Ihpossibleﬁve..certain.
Modefh Pictorial. . i o o ; ¢
ﬁaterials: An 8'"\X IO"Icolcf pictur- of six yellow and.sta

white tennis balls, |

lSeevAppendix D.



. |

Protocol: You are to.choose some of the tennis balls to blay

¥

with. So that you are certain.po always play with the same color

. ball, how onld you select a set of four'ﬁalls to place in the

-

bag? B

\
-

28. Concept: Impossible vs. certain.

Mode: Pictorial. e

Materials: An 8" X 10" color picture of seven’yellow marbles. .

See Appendix D. o e

Protocol: Pretend that these are'yoﬁr marbles. If you lost a

marble, could you lose a green one? beuld yot\lose a yellow one?
. 29. Concept: impossible vs. certain. ‘ ‘ ,

Mode: Concrete.
Materials: Three painted blocks; o::)«as six sides ‘painted

orangé; one has three sides white a three sides green;’énd one

has one side each of six diffeérent colors.

‘Protocol: You are to éhoose\one of the three blocks to play with

S N ) P

so that you are always ¢ertain what coloer will_stoﬁ on top.

e

Which block would you choose?

30. Concept: Impossible vs. certain.
Mode: Loncrete. ,' : ; o R
- Materials: 'Oheblérge plastic éontainer:with four yellow tennis

balls in it and another large plastic épntainer with two yellow F\

énd two whitg‘tennis_ballé; E v - ’;‘
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TR £ .
| * : N . o B .
Protocol: Which container of tennis balls would you choose if

'yqq wahtéd to be certain of what color'of{teﬁnis ball you would
. play with?

\

31, Concept: Probability of a-Simple'evenf.

Modg: Symbolic.
'Maferials:‘ ﬁil;
Pfotocol: If you had seven.mafbles in a bgg, fivé»were yéllow

and:twé were blﬁe, what would be the qhanée of 1osing‘a yéllow~v

yd
| marble?

-

v» R | v
32. Concept:' Probability ofya simple event. |
'Mode: 'Sfmbolic.
.Materiais: Nii.
Protécél: If you had ten beads.in'a bag,:fiyeAafe red and five
are'gregﬁ, wﬁatgchahcé would &ou have of feaéhiﬁg in and

picking a green bead? S ‘ \

L33. Conéept: Probability of a simplé event.

Mode: Pictorial.

- Materials: An 8" X 10" color picturé of a spinner, one-fourth
'yellow and three-fourths red. . _ L !

i See Appendix D,7

Protocol: When the .arrow is spun, what:is the chance it will
') . N - . »‘_ .

. stop ohsyellow?

,634; Concept:  Probability 6f a simple event.



' Mode. Pictorial -2[‘M,a" ' . _ q'fg¢?

FMaterials 8" X 10" color picture 0f a painted block ‘each

side painted different color..}The,sides.showing,are orange,

yellow, and blue. : . 3 o 'ﬂﬂ»yev.‘; hf-hu?:
SeeiAppendixiD.
{Protocoli If you were to roll this block what .1is’ the chance of

yellow stopping on t0p° C

P
EEVEEN

35 Concep t  Probabil 1ty of . simple event -
‘hMode{.:Concrete;s | o -
Materijals: A~ spinner, one—third red and two;thirds yellow N
"Protoc01- If you were. to spin the spinner what-is_the chance
of it stopping on yellow° | E
"36;‘ Concegt; Probablllty of a simple event.
“ Mode ) Concrete |
Materlals A_selection of iarge marbles. Ensure there arexfour .
or five marbles of'several coioré. _A'snall plaatic tray ktop'of
~container) . ;" ;-’ o o //
Protocozz a. Choose some marbles and put them into thé/tray so

/
h / .
that they will illustrate a one out™ oﬁ'two chance.

- b.- Choose some marbles and put them into the tray so
that they will_lllustrate a ‘one out. of four chance.

¢. Choose some marbles and put them into the -tray so- °

that they will illustrate a one out of three

chance.
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[a

The following criteria are arranged in question sequence as

T N .
outlined in Appendix A. Each criterion indicates all possible .

solutions and a statement summarizing what the student needed to

‘state to obtain a positive score.

,1.

2.

P

a w

“10.

11.

Yellow, white°\ both answers.

'Combinations of the colors yellow, black and green: two

combinationS'

Combinations as two black ~ three- red two black - one red - }

v

~one'red two red - one black and one red - - one black etc.
two combinations.

R

Ofange, green' both answers.

. -Gieen, orange (orange is often mistaken for yellow or red)

both answers

Blue, orange,’ yellow any two answers.
Yellow and black yellow and white blue and black blue and

white: three answers - order must be maintained

s >

Yellow'and orange yellow and green, white and orange white
and:green°- three answers -‘order‘must be maintained

Red and blue, white and blue (subjects were not told that the
black was- blue and some indicated it to be black and/or white

- their answers could be; red and black white and black red

and white, white and white): two answers - order must’ be

. Vo
maintained. i
Yellow and white,. yellow and yellow, red and white, red and

yellow: “ three answers 2 order must be maintained.

Orange and red, orange and yellow, green and red, green and

vellow: three answers —7order must be maintained.

\,‘
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12, Green anﬂ red, green and ye}low,'orange and red, orange and

yellow. threeuanswers - -orde¥r must be maintained.

"13. Five marhles of each color, thevsame number\of eaoh color:

"one ‘answer.’. v

l4. Three sides of eaeh color, or equivalent ;ording: one.
. : i , v

~ N [}

answer.

<l5. About the same, equal; . one answer.’ . o

l6; One black and one red, two.blacks and_two:reds, the_sade'
vnunber of each:golor: ‘one answer. |

17. The eame, equal,lor eduiyalent wording: 'one answer;

18. ope white'and one\yellow,ﬂtwo‘white and:two‘yellow; three:
white and three yellow; the same number of eaeh color: one '.lﬁgﬁ
answer:l | .

19. Four sides one color and two sidesAone color’ five sﬂdes

- one color and one side ohe color . one.answer.

ZQ;‘ Three,'two, one: two answers.

.211' More brown beads, or equivalent wording.v one'answer.

22. Orange (often mistaken for yellow) . one answer .

;23;- More redﬂthan orange,'red, three timeélas nany red;» one

answer. - ' -
B

| ’ o

‘24."Two white and .one yellow, three white and one yellow three.

L . ;
n

white and two yellow, four white and one yellow, four white
and two yellow, four white and three yellow one answer,
25; Yellow, yellow,‘no all answers in order.
26; All one color, all the same colo&\ or equivalent wording;

: one answer. . o . o T Cs

.
\
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-

|
/

27. Four fedbis'béilsﬂof the same cqlor;-or equivalént_wording:

\

. \ -
one answer. .

\
\

\. equiYalent wording: one answer. .

\

132; Equal chance, same chance, five out of ten,

o ' \
or equivalent ratio: one answer.

e
~

%9; The all orange block, or équivalent wording

. 28. " No, yves, all ome color: first two answers ‘in order.
:. one answer.

3&. They'are‘all yéllow balls, they are the same,colbr; or

o

31. Fi:i»out of seven, or equivalent ratio: 'one answer.

one out of two,

33. One out of fouf,vor equivalent ratio: one answer.

-

b4

answer.

34. One out of three, one out of six, or equivalént ratio: one

35. Two out of three, twice as often, or equivalent ratio: one

Doy

.answer.’

36. a.’ Selétt\two marbles - one marblejof one color and the

- other ma?bl@ of another color,

- t

\- marbles of  ;another color,
v . A

c.\»Select'four marbles ~ one_ﬁarble of one
N
b

marbles of another color: two answers.

b. Select three marbles - one marble-of one color and two

‘-lor and. 'threé

A
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Subject - 33; Sequence - 132.

" Part 1 of Interview
. ‘

i

4

Question 1. E : B , ’ B '\ -

‘n

in-'Pretend you have a bag with four white tennis balls and two‘

[y

-‘Ayellow tennis balls in it. You are to reach into the bag
° and pull out-a ball. After you look at the color, you out
the ball back into the bag so that ‘there is always four
white balls and two. yellow balls in the bag What color‘of
.tennis ‘ball could you pull from the bag7
'S: Yellow or white. _
Question l.  ‘f <a o B B
E¢ ‘Pretend you‘have-lo small beads. There are five yellow beads, .
three black beads,‘and two green beads That s five yellow
: beads, three black ones, and two green on =. You want to
make a necklace for your doll with these beads. - You can
use - only one bead or all,ten beads What are some ways in
which yon can make the necklace7‘,m
Sj. You could put two greens, two yellows, and tno blacks. ivYou'"
"could put,a yellow one in the middle, then‘two/blacks next
~.and then EYB greens on the outside. Then you could put two‘
'yellow ones on the outside, one green one next and a blackd
“one in. the middle |

E: Are’ there many ways to make the necklace?

S: Yes.
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Question 17.
| E: Here is a conteiner with some tennis balle in it, Thére are
feur yellow Onee and three white ones in jit. ;Here is anl
- emnty gontainer. You are rp put some balls frem the rirbt
.conteiner'info.it. Choose then in such a way that after
they hane been7pntvinto the second containeré a péféod has
'en'equai chance of reaching in and getting.a;fellow ball or
: aywhite’ball from the second container. |
kPause (while steleets the balle):
E: Tell whét you did?i - |
s: I put in two yellow‘ones and twe white ones. - _
E: fDoee.that give en|equal‘ch;nce? - : »'. : - o
N Yes, , ) - - S
Es How else could you do it or is there another way?
P Paise’ (while S reseiects tennis balls)
E: Now tell what you éid’
FS I put three yellow ones on the bettom and one whlte one and
| 9ne yellow one on the-top. ‘ : . o P
~E: Does thetxgive-an equallchance? o
St Yes,'because &Qn-wpuld choese between rhe one'yelloﬁ one and

one white one on top. ) : ‘ : _
o :

'f QueSﬁion 18.

v

" E: Here is a Alastic spinner. You. can spin it to see how it -
works. If you spun the Spinner a. 1arge number of times, how
do.you think‘the number of stops on green w0u1d comparevwith

the number of stops on orange? Would they be the same or,



Sy
1
- E:

S:

E:‘

s+

. Question

g

‘would one be more than the other?

\

~

(-One'wculd be mqre,than the other.

A
I
d

Why?'

Because it's pretty hard to make them stop the same..

After a largge: number of spins do you sxill think it would be

Here isza picture o& six yellow and’ six white tennis balls..

...... \\
)

In ord%rwto be sure you will always draw a certain color
! ‘k_

from a bag* how would you select a set of four balls to put

b

_ Question

E:

einside}the Bag’
Put in two yellow ones and two white ones.
fWouldhyou'aluays know' uhat color you would‘draw?
L 1  ;: . p : o

How would you do it then?

“You'wouldﬂput four yelldwfones'pr'four White'cnes into,the‘.

bag.

This_wey would you always know what color you would get?"

2 *

Yes.

28.. <

Here is a picture cf a set of marbles you cah'use to play a

tha;;way? o Ko™ L
Yes. : ‘ S

hb game of marbles. There are seven yellow marbles and they arev:

. have(of loosing a green marble? - S S

all the marbles you have to- play with What chance would.you .

~



Question

E

‘ Question

\ o L ‘ S
,You'couldn't :Lcause'theyare allhgellow. o {‘ |
'What‘wouldfbe your:chancerof looeing a yellow onelic. = ,k”v:u .
Good. - N D
| / ’
‘ ! o o . L \
Let’ s pretend we have .a bag with ten marbles in it. There
‘ are only two colors of marbles 1$ the bag - 1f when you would.
_reach into the bag to get.a~marble you had an equal chancefto
;get either color, how many marbles of each color would there
be?: Therevare ten marbles and you: have an equalbchance.
fiue:ofleach.“ . I _‘. - . L ) ]
-::How_dO'yéu-know3that?: (
To have‘an equal chance, you havevto.havélﬂhe‘same number of

S:

E “How many sides do you think a block has”;

"vaix'. \

v
i

s

Four

- What- if we count the top and bottom as sides? How many then’.

.

You are’ to paint a- block You. have only:two colors to/paint

the block You want to paint it in a ‘way that when you use '

i k]

it you know that either color cOuld stop on top about the f

same;number of times. How would you. paint the block7
Youvwouldvpaint one‘side one color and the other side the“

v

other color Then paint another side one ‘color and so on.

: :How many sides would you paint each color”



'.'Questién

E:

E Pause (Subject picks up. the blocks and looks at how they are

]
-know what, color will stop on topT'gWhich’block'would'yqu
choose?.. Co - |
S:'“This one. (Subject picks up a block)
"E: -Why do. you chocse that one?- .
$:  Because its all orange.
o , :
Questidn'BO.‘ V o o _ N SRR
. E: Here.are two containers of tennis balls. You are to choose
) ‘ dne of thencontainers~of tennis ballé-to play with. Whick
E 'container would you choose if Jou always wanted to be‘ )
. certain to play with the same color of tennis ball?
S: ”This one. - . - S .
E: "Why? o S - . : CoE k

:f;Three.

: Why would you paint three sides each(holor’

"three sipes eTch color..

‘Because if you wanted the same chance, you would paint

29, .

how they are painted

i3 .

painted different )

Becausepit~ha5»four tennis balls that are exactly the 'same

cclor;

. B ,

AHere are three'blocks,. Each one is painted;diffefentj'iseé:?'"

_(Choose,one of the blocks to play with so that~you5wil1“a1ways :¢
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E.
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3.
Here is another picture of se eral marbles of different

colors. Tell how you could make different groupings of these

‘ﬁarbles? .
S: Put the twc bla~k ones together.anqﬁ;he three red ones
' "together. | )
E: .Cquld'ydu do it enether way?
S: Yéu‘could pPut one biack one end ene red one t?getheryand
»one'black'one andvtﬁo red ‘ones togethet. | o
E: Could you'do it another way; |
S: You eould put the two blacks with the three red ones.
~E: Could you do it another way yet7
S:-fTwo-black ones with one red one and the \two red ones together..
)
: Question.4.ﬁ
E: ﬁere is' a picture.ofiavepiheer. What colofteoutd the
fSpinner stop on?’.
S: _ Orange. ‘\ | . o A "g"‘ . '
E: Could it stop on any other color? [ -
S: 'Green: ‘
. ‘ \
| E: ¢euldiit stop on any athef color? -
S: No. | \
‘E: Wh§"?. | '
.S:’ Because there is no\otﬁer‘cplor; N
Questioe 25. ) | o
Eé"Letfs pretend you have a cbntaﬁner with sixxyellow bells in

v



\ - | | N

it. If you feéched_into'the bag and took out a ball, what
) : . : \
color would you expect it to be?

/ A

: ) : \ .
S: Yelle;’ - _ . ‘ ﬂ "y

|
1

E: If ybu.tOOR out all si#Sballs what color would the'laét.béll
be? . . . «
S:  Yellow. ‘ I  \.»

"E: Could you pull a ball out of a différent color?

S: No.

Question 26.

-

\ a

E: Suppose there are many beads on the table. There are ¢
different coiors with ﬁany beads of each colqr."»You‘want‘po

‘choose four beads to put into a bag, so that when you reach

1

in to take a bead, you always know what color\you Q;e gbing N
- to take out. How would 'you pick the four beads?
S: You would pick them out of the same grouping, the same color-

E: Could you pick,tﬁem-any other way?

S: Not really. o 4

4' ’ ' .‘-,

S

Question 5; ' ' ' . ' - | .
E: Here is ;’sméll painted wooden Elock. Look at it carefuliy
to séé how it ié painted. If yéu’Wére to rolljfhis”blbck
- what color could stop‘on top? ‘ |
S Or;nge.‘ |
E: .Could'it sﬁop‘at”any other colgt?ﬁ;\
S: Yés;.‘Blue and yellow. |

S - . . . .
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©

\ - E: Could it step at any other color?

K ”
. . '

S: No.

Question 6..
E: Pook at this spinner. What color could'it stop atg
S: Green.’ |
E: "Any -other color?
Sz Orange.’
E: Any more?

S: No.

Queetion_lS.
E: Here is a picture of§$om¢‘beads, vThere ere,three'brown beads;
add fhree green_beadsj  We'pu; theee beeds into a bag and .
mix them ﬁy‘shakihg the.bag. You reach into'the bag and
take outeone»bead at a time. Write the color of the bead on
. a piece of paper and then replace‘the‘bead in the bag If
< you d1d thls 20 ‘times which color do you think would be
: recorded ‘more or do you think they would be recorded about )

!

‘the same0 \

- Sr'~About the same.
" E:  How did‘yod figure that?
S: If'you keep takiﬁg_oné'out they would come.out‘about the

same because ‘they afeiall'mixed up.

Questioq‘16.



- .differently. You are to put some of the‘mgﬂQles into a bag,.

]a
!
\ ‘ o _
Here is another picture of the same markles only arranged
so that if you were to reach in and take a mérble,you would

have an equal chance of picking a red marble or a black B

mafble. How would you choose the marbles to put into the

& .__hag?. A

S:
)

S:

"E:

S:

Part 2 of Interviéw_

Take two red onés‘and,two black ones.

Is there any other way?
You could take one red one and one black on
Is there another way yet?

No.

_'Qu?éiionv

- Es

Nuestion

E:

Pretend you have d\container ﬁi;h one 'white and two yellow

tennis balls in_it,“@ne white and two yellows,' Beside it

.there is a spinner thaf.is.ﬁalfjorange and half green. First

. ‘
you choose a ball and see what color it is, then you spin the

~ spinner and see what color it stops. What color combinations’

could you'expeét.td get?' Therefﬁere yellow and white balls

and orangé'and green on the spinner. :
. N o h .
Green and yellow, white and green, white and orange, and

yellow and orange.

8.

1

Tf you had four beads in one pocket, two yellow beads, and

N
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dwo bﬁ&e heads, and in the other pocket youvhave t&o black
ones and one white one. What color comsiEZEEBn could you
expect to get by choosing first one bead from one pocket and
then a second bead from the other pocket7

S:- White and yellow, blue and black, or yellow and black.

K

Qdestion 23.

‘E: Here is a.spinner. If you;spun the arrow many times do you

~think ‘the ‘arrow would stop more on yellow or on .red, or

3

would it stop about ‘the same on both colors? °

S: ,More on red.
E: Wh)‘r? i

-S:. Because three—quarters'of the‘eircie is red and only one-

quarter is yellow.
. ’
Question 24. 5 PR ‘
"E: Here is a collection‘of tennis balls in a ﬂox You are to

~
H

put some of the tennis balld into this other container so

tHat there is a more likely chance to choose a.white ball.

S: 0.K. | T '

E: What have you chosen?V

-8: Two yekrlow onés and four white('ones'.j

N

" E:  How else could you have chosen them?
S: T could have put juet the four white ones in.

E: Could you have donevit-anotherpﬂay?

. . : -
i .

S: No.

A

116
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.

Question 33.  v‘

E:. Here is a picture of a spinner. .What do you think is the

chaﬁce of the arrzw'stopping_on orange?

S: About ten to two. -
E: Is there another way? S "~
S: No.
. ‘ .
—Question 34. T e A A |

|

E: Here is a picture’qf‘a painﬁedbeOfk. What chance do you*:

think it has of sgbpping_on‘yellow when it is rolled?

S§: Not much.. . ' - \\ ‘A : o @
- Er Can you suggest a number for it? )
'S:  About, 10-to about 3. \
. o »
E,Question’l9. \ : (\ p
E:' Suppose you had to paint another block. Do you remember_‘
how many sides.a block has? ~ -
y ) y A \) . o .
S: Six. L : ) . ' . . ’ .
'\‘ E: You Eave‘twd colors of paint. You want onéIEOlor»to-have'év-

—

mgre‘likeiy chaﬁce thén the other coibr to stdp on}$op when
the ﬁlock‘is rolléa. ‘ |
S: Qne color ié to havg.a1ﬁoré 1ike1y-éhance.than tHE.§ther'€
cqlor. Qné\side -vane'cblor and.five ofbthe1otheriéolo;.
E: Is thefe any.otﬁef way? |
4 S: .Tﬁé of oné colpr ahdvgﬁen four'ofjtﬁe'other'colof. I

S

_ Qﬁestiqn 20.. : oo

\ .
U
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E: Syppose you had-eight'marbles'in akbag. 'YouvchOOSé a
Qarble and you khbwione color is less likely to be drawn
ﬁhén tﬁe other - color. How many margles could\there bevof. ’\
- the less likely coldr?‘
S: ‘fhree. |
‘E:\ Any‘other,nﬁmber?’ B
S: One or two.‘ ﬁ‘ N
Ei Anythiﬁg else? \
SE”-I don't ‘think so.
QuéstioanS.
E: Here is\a séinner. What do~you‘think are the-éhancqs of the
. spinﬁer étopping on orange? - ‘
S: lGoodL / | L )
E: Do‘you‘haﬁela‘nqmber‘you could give to it?"
S: | About ten to eighti :
\ - A . ) .
qugstidn 36. . - : | \ .  o \ el
,‘E: Here is.a container pf‘marbles.: I want you to illusﬁraté
some things ﬁgfbmeyﬁith the ma?ﬁles; | ’
‘vS: ﬁhat do you mean b&vthat? v -
* _E:-.You'ané to chooéeféome'm;fbles’wﬁen»I'givé you a éh;nce I :
Vaﬁg,fobdraﬁ é certaiﬁ cblof.\‘You7Can set the marbies up .

over here to make it true. 1If
chance to get a certain color,
Which color?.

That doesn't matter. Wﬁatéver

~ *

.

you had a one out of two

it?

how could you show

color you want to choose.
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Pause ( Subject choose marbles) .. o L : -“

‘ - . e . \\
E: What did you choose? '\ : co _ \
S: A black and a clear. ‘ - - o i\

E: Can you illustrate a one out of four :chance? .
S: I still don't understand what you mean.
| SN ) -
E: If these marbles were put into a bag, and you*here to reach

in and take out a marble you wouid have a one in four chance

j

of getting a'certain color.

S: One black one and three clear ones.‘

‘Question 9.
E: Here is a\ﬁitture_of‘four marbles aﬁd a block. If youiwerei
to first pick a marble to get. a cpior“and then roll the block

N

' to get a second color, what color combinations could you get?
!

Suppose the block is black and white.

S: Red and black, red and white, or white with a black, or wbite%

. with a white.

Question 10.
. W : : : X . ) ' . o
E: If you spin the spinner first and then choose a tennis ball,
WﬁatAmight the :color combinations be? N

S: White with an orange, white with a red, yellow with an orange,
. . . ) \f\ .

or-a yellow with a red.

o f
Question 31.

| E: Suppose you had seven mafbles, five of them were yellow and
_two Qf them were blie. What chance would you have of losing a

' L
\



Question

9

E:

Question

E:

Queétion

. E:

yellow marble?
Do you mean like ldsing it in a game?

' . ' .

It‘won‘t matter how. Say just losing it. If you lost one

marble, what chance would you have of losing a yellow one? -

Pretty gdod chancer

‘About- what number dO»yOU'think it is?

1
1
1

(no response)

32.

You have ten mafblgs, five are red and five are green. ipu
éut‘£he‘marbieé into é bag. If you_weré to réach'into thé L
bag éﬁd pull out a m;;ble, wﬁat'chance would §ou have of
gettiﬁg_a red marbie. o | , Lo

About,g ten to five chanée.

11.
Here are two spinners. You are to spin this one first to get

one colqQr then spin this one second to get the othef_color.

What color combination can you gét by spinning this spinnel

-

first and the other one second? R

©

:  Green and red, ofange‘with a yelysw,bgreen with a yelldw, or

an orange with a red.

.\_. c X

AN

12. .
You have thTE“ﬁéock'and this group of beads.. You érg to roll.
the block first and then7pick a bead. Whatvcolor combination

could you gét_then? é ‘ ,j"

120
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oo, ER

. ‘ o . a2
, E \ n

Green with a green a white with a green,'a red wilh a green,

~

yellow with a green, or a yellow with a white, or a yellow

"with a red.

21. .

Here is a picture of some beads. If these beads‘were mixed

in a bag and you reached intg the bag and-pickedxout a bead.

Write the color down then put the bead back into the bag.

Question

E:

Why? ' , L e

1 think more anthe orange.

Do you think you would pick more yellows, more browns, ot

‘would they be about the same?

I think you would pull out the brown-ones nbsh of all.
Becense there are:five brown ones and only tﬁo yellow ones.

22. |

If you had this. spinner and spun it ‘many times, do you think
it would stop more on the red, more on the &range or do You

think they would be about equal? ] o S
Why? - o

There are twol-thirds orénge and one}third is red.

Thank you. | o 3 - T

N
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_ APPENDIX\.D

COLOR PICTURES USED IN THE PROBABILITY TEST
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The, following set of pietures are not exact replicaé of thoseb
used in the study‘ The apparatus seen in each pigture corresqonds »‘*‘

with the apparatus photographe?’for use in the prabability test with

one exception There was one/additional 9ellow tennis ball in the-
g v

picture used w1th Question 2] HThese pictures were photographed

after the testing  was completed. o » ;v BN D
~x

¢ ) Lo
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" . Plcture used for Juestion 3.

"PiCture-useq}fo: question 4,




Picture used for questioﬁ 9.

: :‘ . ) I \
Picture used for question 10.
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.Picture used for question 15.
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Picture used for question 21.
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N

Picture usedAfor question 27.
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Picture used fpf question 33.
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Picture used for'question 34,
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