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ABSTRACT 

The work of ~iagd--&-origin of the concept of 
\ 

1' 

, chance in children ptosridad much of the impetus for studying 
rl 

t3 

4 
' . . . 

the develop& t of probabilistic thinking. a: , 
2 

In recentSyears there has been an increased effort to 
I 

include the study of in the r l e y t a r y  - 
I - 

, t 

mathemt ics curriculum. Researchers, dowever, do not agree 

upon the age at which children.devel,op a Underst+nding ok 
* "I C 

L 

probability. This .sfuay Q a partial rbplication of an 
k -r* 

experiment which investigated the lev61 of probabilistic l 

a, 
understanding of elementary scho* children. 

A total of 48 children, from KindargarteN to= Grade 7, 
P 

in a Delta public school participated in the study. 

Individual sessions of approximately 30 minutes, involvtng 
3 ,  

36 tasks, were conducted independent1 with each subject. 9 < -L 

c 
For eqch task, thd subject w&i 'presented with a pdir of 

4 

spinners with specific probabilities. The spinners w&ze 
H - 

V 

circles of varying rabii'vhi~h~were divided into sectors of 
C+ 

equal central angles. The area bf the spinner was 

proportional to the number of its se tors.  he sectors were C - 



L 
5 

.. + c o l i u r e d  bllie o r  yellow.  ha' c h i l d r e n  wery asked t _ o  ~ h o o a e  

. , t*he s p i n n e r  which was ~ ~ r e  l t k e l y  t o  produde t h e  payoff . 
a- 

- c a o u r  ( b l u e ) .  The cho ice  of t h e  s u b j e c t  and t h e  sutcomm of 
* 

. t h e  t a s k  were tbcorded by t h e  exper imenter .  For c e r t a i n  

preselect id  t a s k s ,  . the  s t u d e n t s  were asked t o  e x p l a i n  . 
. 7  - - .,,verbally t h e  ,reason' f o r  t h e i r  s e l e c t i o n s , .  

4 \ 
< .- e 

I * .  

L 

The pe rcen t  of c o r r e c t  s c o r e s  increased  wi th  grade  
- ,  

8 

\ 
a # * - 

level. The p e r c e n t  of c o r r e c t  i e s p o n s e s  w i f  h i n  each  *g rade  
, J' : * .  1 -- 

Jewel dec reased  wit-h t h e  l e v d l  of d i k i c u l t y  of t h e  t a s k .  
I..  

0 .  

. . . . ' . F i v e  s s e c i f i c  s t r a t e g i e s  were uspd by t h e  sub3ec ts :  
', 9 . A 

. ' 1) r e l i a n c e  upon t h q  pay-of f cobour 1 ;  2 ) *  r q l i r n c e  hpon o - . * B 

; t h e  non-payoff 'co$our ^(yellow);  3) t h e  p h y s i c a l  s e t u p  o f  t h e  
1 

F et 
E - ,  

- I  + 

s p i n n e r  board and t h e  p o i n t e r ;  4.1 t h e  phys i ca l  s ize  or . ' s rea  a 
a 

of t h e  sp inne r ;  and ,  5 )  a compar iapn between t h e  pay-?f f .  

co lou r  wd' t h e  nonpay-off c o l o u r  : 

The s t u d y  i n d i c a t e s  t h a t  most c h i l d r e n  i n  e lementary  

schoo l  do  no t  have a v e r b a l  unders tanding of p r o b a b i l i t y  

concdgts  even t h o  h t h e  m a n  pe rcen t  of c o r z e c t  responqes 

f o r  each  grade  l ave1  was above chance l e v e l .   he choice  of 

s p i n n e r  w a s  u s u a l l y  based upon f e a t u r e s  o t h e r  t han  
V 

propor t ion .  Th. most .common s t r a t e g y  was t o  choome t h e  
1 

s p i n n e r  wi th  t h e  g r e a t e s t  number of payoff e lements .  
. 

'Two of t h e  4 8  s&jects demonatrated a n  unda+s ta r )d ins  of . 
p r o b a b i l i t y  concepts .  - 

\ a 

\* i v  
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1 would l i d  k'o expres s  m y  apprec ia t ion  t o  m y  setnio; - ' 

> 
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- I .  
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Education stated u~rdbability and Statistics will be 
essential parts of the mathematics curriculum at all 

 level^.^ This interest in developing probability as an area 

of  study is reflected in recent editions of mathematics 

textbooks in which specific sections, and often entire 

chaptera, are devoted to the study of probability. 
0 Q 

Although the decision to introduce the concept of . 
probability into elementary schools has been made, little 

research has - been completed which might guide its 

introduction into the-%urriculum. St is this paucity bf 

.relevant information that has prompted the 

investigation. 

The Definition of Probability 
% 

Probability is a wmathematical theory of processes ' 

involving uncertaintyw (Bullock & Stallybrass, 1982, 
, 

p. 497). ' The probability of an event can be eip~esaed 

mathematically as a proportion which represents the 

likelihood, or chance, of the occurrence of a specific 
# 

event. Probability, therefore, can be viewed as the 
.i 

combinatton of two concepts, 'cha'11ce4c~d~i6port ion. It is 

importa&t to be aware of these elernents for it is possible 

for a person to have an understanding of one or the other, 

but fail to underatand the complex 

TO illustrate; it is possible 

whole. 

to have an understanding, 



/ 

> 

of the chance of the f an event while b e i q  
- 

unable to express Pt as a proportion. When a die is thrown 

into the air there is an equa13ch+ance that any number on the 

,die will come up. Host children will tell you that there is 

e bossi,bility for the number t..ey havqBchosen to coma up, 

P /  + -- 

but they-diy not be able t articulate the proportion. 

Similarly, it is conceivable for a person to recognize and 

state'a simple fraction, auch as one-third of the circle is 

reh, but be unable to apply this as an expression of the --. 

chance of an event occurring. The child m y  not uaderstplrd"\, 
---I '.. \ 

that there is a' one chance out of three that the pofinter, or ,/ 
', -// 

indicator, will land on red. Thi8 m a n s  that it ch$ldran / 

--./ 

are aware of the element of chance without 

applying proportion, they do not have an understanding of 

probability. Moreover, if a child can figure out the 

proportion of elements but is unable to apply thin a8 an 

expression of the chance of-a specific event occurring;. that 

child does not understand probabikity. 

The Relevance of Probability in the C u r r i c u  

There are' three imporlzdt reamon. Lor including the 
, 
topic of probability in the mthematics~urriculum. First, 

. &obability is a term which is often used in daily life and 

therefore should be defined and explained to students so 
t ' 

they have some understanding of the concept and its 

application. The weather forecaster may indicate the . , 
3 

C 



probability of precipitatian for the next twenty-four hours 
9 

in 75 percent, or the chance of winning a lottery is one'in 
, 

a milli,on.. Second, soate research has shown that the ability 
f 

to solve probability problem increases only marginally 
., - 

4 
through the level. ok the education rystem; ihile also 

I ' suggesting that probability concepts are unlikely to'develop 

incidently or through maturation (,Reys, 1978). If we accept . I 

these findings, and we want atudents to become familiar with 
b 

/ 

L 
the concept of probability, the mathematics curriculum r 
should be revised to include the opportunity for students to \ 

\ develop proba'bilistic understanding. Third, probability 
L 

\ 

exercises fdrce student+s to exarnjie the options within a . 
problem, the likely and the unlikely. The notion of a 

.single correct answer to a mathemtics question is altered & &$ 
- d 

X 

and a discussion of possible outcomes is encouraged. 

Carefully,prepared lessons present the opportunity for 

studgnta to systematically probe possible solutions to a 

problem. ' L 

The Problem 
B - 

The development of the idea of chance and probability 

in children was initlally investigated by Piaget and 

Ihhe1,dsr (1951/1975). They concluded that children must 

progress through a series of stages--first developing a 

recognition and>understanding of the reveraibility of 

operations and 'then the concept of chance. Studies, 



. - 
- -- 

-\ 
involving ~omparisons of h t h o d  (YCst, Seig.1 6 Aridravs, 

\ 
I 

19621, the use of reinf orcSlaej$JDbldberg, 1966 1, the' 
a 

I 

relative significance of verbal and non-verbal techniques 

(Carlson, 1970), and children's u w t a n d i n g  of probability 

- (Davies, 1965; Hoemann & Ross, 1971) have stelamrsd.directly '. - ,  1 

,- from the work bf Piaget and ~nhelder' (1951/1975). Othqr 

- researchers (F'ischtq@n, Pampu, 6 Manzat, 1970; Perner, 
4 -- . \ 

1979a, 1979b) have investigated alternative madels of the 

development of,chance and probability concepts in children. 

Researchers in the area offiildren@s probabilistic 
I 1 

thinking have reached diflering) conclusions as to the age at 
* 

which probabilistic thinking is in evidence. piaget and 

Inhelder (1951/1975), and Fischbein et al. (1970) concluded 

that. formal probabilistic thinking is not in evidence until 
$ 

the child is nine or ten years old, and even then Fischbein 

contended they must have a period of instruction to 

understand the concept. Other researchers (Davies, 1965; 

!Goldberg, 1966; Yost et al., 1962) found that children as 
9 - * 

young as four years oldc were capable of forming dystemtic I 

probabilistic judgntcnta. 

Various reasons hqfe been offered to explain the 
L 3 .  

discrepancy between these results (Hoeeann & Ross, 1971). 
L 

One of the explanations for the difference between these f 

findings is the magnitude estimation hypothesis. This 0 Y  

, 
hypothesis states that children can select the task with the 

better probability of occurring, not by calculating the 



proportion of elements, but by iooking at the relative 

physical area or the absolute number of elements,in the - 
L 

r 

specific task. This explanation is particularly valid in 

.exphrimasnta where the slybjekt is given a ce between two - 
/ 

, - tasks, and the total number o f  elements (denominator) or t h l  4 -  
F .-/ 

number of the pay-off elements (numerator) in each task are 

equal. .The subject has only to splegt the task w h the T 
greatest yu&er, or magnitude, to also, unwittingly, choose 

the task wLth the greatest pqobability. 

Recently, Falk, Falk, and Levin (1980) devised a 
4 , 

sophisticated expariaental procedure which addressed the 

factor of magnitude estimation, and t y y  appear to have' 
* 

rdsolved the issue of the development of probability 

concepts. They found that the children have the 

potential for discriminating between probab#ities 
\ 

around the age of sii. b e  present research is a partial 

replication of one of the probability experiments of Falk at 

al. 41980) in w$ich a series of paired spinners were used to 

investigate the level of students' probabilistic 

understanding.' 
1 

The experimental design required choices simklar ko the 
, I 

decision-muking tasks of Yost et al. (1962). In a - 
decision-making task, the subject is offered a choice of two 

- items, and is asked t< choose th? it&*which fulfills 
r - 1 

specific criteria previously outlined by the experimenter. 

For this experiment the dubject was presented with a choice 
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of two spinners, and was asked t-o decide which spinner to 

twirl to provide the best chance of achieving the pay-off 
T 

colour. For the purpose of this experirnt, a s p i n n ~ r ~ i s  a 

circle o$a specific radius which has been proportionally 
P 

segaented and coloured to represents certaili probability. 

Pivoted at the centre, and unattached to each spinner, is an 

indicator which can be twirled to land, without bias, on a 

*segment of the circle. 

P U ~ D O S ~  , - 
The purpose of this study was to analyze ,tlhe 

development of probabilistic understanding at various age 
1 

levels in 'elemenClpry school in order to: 1) dakermine a -+ 

general age range at khlch children have developed an 
\ 

understanding of the concept of probability; 2) identify and 

discuss any recurring strategies which the subjects - use -- 'to - I 

help solve probability probiem; ' 3 )  suggest an age level at 

which probabklity concepts &nd activities could be 

- introduced in the mathemati %qipurriculum. 
b 

Descri~tLon of the Study 

In the first chapter, a definition of prob;bility is, 

provided and the relevance of probability in the curriculum 

is outlined. In addition, the background to the problem ia - 

discussed and the purpose of the btudy identified. 

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



P i a g e t  and I n h e l d e r  is out l ined . ,  o t h e r  s t d d i e s  based u p o n '  

P i a g e t v s  research are d i s c u s s e d ,  and a l t e r n a t i v e  hypo theses  

a r e  p r&ented .  

The r e a e a r c h  methodology is o u t l i n e d  i n  

s u b j e c t s ,  t h e  a p p a x a t u s ,  and t h e  r e s e a r c h  d e s i g n  ate * 

. d 

d e s c r i b e d ,  and t h e  data c o l l e c t i o n . p r o c e d u r e  is d i u c u s s e d .  

I n  Chap te r  4, t h e  r e s u l t s  o f  t h e  e x p e r i m e n t  are 

t a b u l a t e d .  Grade l w e i  ' r e s u l t s  and  i n d i v i d u a l  r e s u l t s  are 
\ - 

d e s c r i b e d .  C .., 
- 

. The r e s u l t s  of t h e  s t u d y  are d i s c u s s e d  i n  Chap te r  5. - 

~ e t h o d d l o ~ i c a l  i m p l i c a t i o n s  are o u t l i n e d ,  and t L p i c s  f o r  
'I 

f u r t h e r  r e s e a r c h  are s u g g e s t e d .  



chapter 2 

REVIEW OI THE LITBRATURB: 

The work and Inhelder will be discussed at 

the outset o because their kesearch on the . . 
\ \ " I 

- 
development o k  the notionlof chance in childrepas the - 

i, P- 
first to be published and consequently prompted additional 

studifes in the field. Following this, other investigations . 

. related to probabilistic thinking in children will be 

d iscussed. 

g 1 

Staqes in the ~aveio~ment of Childrenvg 
Conce~t o f  Chance 

Piaget and Inhelder (1951/1975) were.the first to 
k 

attempt an*explanation of the development of the idea of * 

chance in children. Their Vudies of the developrent of 
% 

9 3 
childrdneb thought led them to believe that the notion of 

chance is not innate, but comas 'from a search for order and 

its causes. They held that ldren progress through a ."i 
r series of stages in which they d velop a recognition and '9 

understanding of operations. ~ h d  stage devaloprnt - - 

hypothebis means they gradually understand and accept that 



soma operations obey set laws apd alwaya follow a pattern, 

while others do not. Piaget and 1hhelder explain that, 

Logical and arithmetical operation8 constitute 
system of actions interrelated in igorous way w - 

I 

aspect 
L 

and alwa- reversible, this reversi 
rendering deduction possible. Transformations 

? occurring by chance, on the contrary, are not I 

interrelated in a rigorous way and the must d 

probable system that they form are essentially 
irreversible. While logical and arithmetical 
operations lead to and end in the construction ,of. . 
groupings or groups fortaitous transformtion 
remain nonreducibls to thi8 type of structure. 
Finally, induction lies between operative 5 

deduction and nondeducible fortuitous 
transformations: induction comprising those steps . 

t "' by which one sifts through exwrimntati.on 
-A . 

separating what irr fortuitous A m  what is 
deducible, while at the same time preparing for 
deduction itself ip .  212)\. 

In Piaget and ~'nhelderps hypothesis, the preoperational 
. . 

sage, prior to about age six, ia characterized by a failure 
/- , , 
to tdiffarsntiate between the possible and' the necessary, 

betmen chance and nonchance. The child has .no well-defined 

concept of cause and ef'fect, nothing is certain or 

uncertatn, and therefore there is no understanding of what 
L- 

* constitutes chance. 

, In the concrete operations stage, from age 6 to about 

a90 12, the child,recogniees the elalaant of chance. 

Children discover there are areas, of knowledge which are ' .  . 

certain. Thare are things they can know, but there are also 

other areas which are uncertain, where they must guess. 

They can complete simple probability tasks, but are unable 

I 



. v 

to' perform tasks requiring c-toric operationr and ',, , 
i 

3. 

proportions. They do nothave the conceptual strategies for 
\ 

defining all possible - - outcome; of an event. They need to '/ 
: '  

. see or handle objects to define their actual rdlationnhip. 
1n the final stage, beginning at about age 12, there is 

a synthebis of chance and deductiv~~operations. Children - 
h 

can wtiem together concrete operations and at the same time 

hypothesize what the outcoare might be. Children develop a 

system for finding combinations, and the L a w  of Large 
'a 

Numbers provide a basis for making predictions. 'Thia m a n s  

'they begin to see a relationship developing after many 

trials have been completed. 

Through these stages there is a gradual recognition of 
* 

the reversibility b f  operations. Since Piaget and Inhelder 

claimed the discovery of chance comes after an understanding 

of reversible operations, it is only after children have the 

mental organization to recognize operations th& are D 

reversible that they will bek'able to identify those that are 

not reversible and therefore fortuitous. 
1 

Biaget and Inhelderls work wan divided into three 

parts; chance in phyuical reality, random drawings and 

In the first part, they studied the notion of random 

mixture and irreversibility. For the firat exptriunt, they 

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

to be tilted like a seesaw. Eight white ball8 and eight red 
C. 



I 

balls were lined up at one end of'the box and were separated 

into colour groups by a divider". .The box was slowly tipped 

back and forth so the balls 'were gradually mixed. The \ 
subjectst reaction to the mixing 'of the elements were 

fl & 
rmoordad. Random mixing of elements l.rds to the study of 

- 

dintributional korr, since the final' positions of the 

elements in mix represent a distribution. The diskributions 

which Piaget and Inhelder studied were centezed 

,distributions (ie. the n o r m 1  curve), and uniform 

dintributions. Piaget and Inhelder used the distribution 

sand grains as an example. A centered distribution was I 

< 

for- when the grains of sand poured out of a small hole in 
3 

a funnel* and a unifqrm distribution is reprepented when the 

grains of sand are spread +over a flat surface. 
\ 

Following th;., Piaget and 1nheld.r invcati&ated the 

b child's ability to diaaociate what cqn be due to chance and 

a' what ig due to nOn-fortuitous elemqnts. mIn reality it is 

precisely this combination of what today Ss commonly called 

uncertain ;hd what i; not uncertain (or only weakly so) 

which most frequently gives rise to the intervention of the 

intuition of probabilities, both in the laboratory grid' in 

In the second part of their work they investigated 

random drawing.. They examined children's notion of chance 

and miracle in the ga# of heads and tails, and in drawing 
% 

pairs of marbles from a jar. They ;h studied the 9 



quantification of probabilities in random drawings. 
J 

4 
Finally, they analyzed the developmemt of operations cSf , 

combination, permutation, and arrangelrsnt, and concluded 

with their hypothesis bf three stages in the development of 
f # 

the idea of chance. 
't 

Piaget and ~nhelder*s experiments wdre preuanted to the 

children as a game. In their experiment8 they used the 

clinical wthod, in which an experimenter worked with each - 
fl t. 

child individually, asking on-qoihg quest ions about the 

activity. <The questions and the child's responses were 

recorded verbatiui. For example, in an experi#nt using a - 
1 

single spinner and a 16-sectored circle (equal progortiona) 

with 8 colours (colours of opposite sections are identical) 

the following exchange occurred: 
i 

nDo we know where the bar will ~ t o p ? ~  "On the 
red. a "1s that certain or not?a *Certafn.w 
( W e  do the experiment: green.) Where 
"On the yellow. a  because that '8  a 
wonderful yellow. " (Experiment: blue. ) . @Oh, 
no, on the blue. Where now?n "Red. 
(Exper imant: red. ) "And next?a "Agafn red. a 
Why? . . . ." The same kind of annwerm, without 
motives. We put the magnets in,plrcar "The bar 
got tired." (Piaget 6 Inhelder, 1951/1975, p.62) 

All responses were classified at the end of the 

- experiment. The thild in the above example would be' placed 
@' 

.. in the first stage of dsvelopmmt, or preoperational st~ge, 

as the aubjsct does not use logical considerations and is 

predicting solely on the basis of personal feeling for a 



colour . 

The work of Piaget and Inhelder prompted a number of 

studies in the field of probabilistic thinking in children. 

Yost, Siegel, and Andre- (1962) maintained that Piagetls 
r 

techniques undsrestimtad the ability of young children. 
i 

They cited five factors that they believed might account - for 

Piaget and Inhelderls negative- results: 1) Piag~t and 
P 

~nhelder* rilied heavily on verbal skilrs; the child had to 

understand terms such as wraost likelyw, wpredicta, and 
\ 

, -. ., 
. '  .wexpectw; they had to demonstrate their understanding of the 

concept by verbalization; 2) there was no control for 

subjects' colour preference; 3 )  the memory aids 4small 

tokens which represented the payopf colour) proved to be a 

distracting influence as they were not r a n d o m i m e  4 1  there 

were no tangible rewards or positive verbal reinforcement 
' - I 

- given for correct responses to provide motivation; and, 5) 

no provision was made for statistical treatment of results, 

as the conclusions were based upon individual reeponuea 

which could not be compared, rather than response 

frequencies for repeated comparable events. 

Yost at al. (1962) attempted to take these factors into 

consideration by designing a two-choice d e c w - - k i n g  task 

in which the child could rake non-verbal responses, the 

influence of colour preference was controlled, the # w r y  b 
I 

I 



-. 
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15 
1 - ,- 

aids were randomized, and the child would receive a reward 

for a correct response. They comparth their de&s ion-mak ing 

task with a one choice Piagetian style task. They 

hypothesized that children exhibit a great& understanding c 

of probability under the decision-making condit ion than 
d 

under the Piaget-styled condition. Two groups of 10 

subjects, ranging in age from 4 years 10 months to 5 years 8 

months, were individually presented with 24 trials of both ..' , - 
t 

tasks. All subjects perfbrmd at or above chance level at 

both tasks; however, no group's mean score represented 

consistent us& of probability concepts in their 'rebponses. 

Yost et a1. (1962) claimed that the'introduction of 

reinforcement into the experiment, as well as statistical 

controls gave validity to .their cohclusion that 4-year-old 

children do have some understanding of probability. 

pf,f act of Reinforcement 

Goldberq (9!366) investiqatea the effect of 

reinforcement on the perfo=aance of subjects in Piaget's 
' 

single task model and Yo8t et al.*s two task decision-eking 

model. In both cases, the knowledge of whether their 
- i 

decision was correct or incorr'ect was the only reinforcemmnt 

for the subjects. ' 

Goldberg (1966) found the' subjects in the 

decision-mking model rrrde more correct remponaes than those 
B- 

&n the Piagetian model. This =ant that under conditions of 



equal reinforceaent the sub3ects performed better in the 
- 

* 
decision-raking model. Searching for an alternative 

explqnation for the superior pe~formnce of. subjects in the 

deciaion~mking task, Goldberg fouhd colour preference, or 
t 

canfusion of colour preference and colour expectation can 
r 

c-  
strongly influence the outcome of the experiment. The 

I 

absence of a control for colour preference in the Piagetian 

model was cited as a pgasible explanation for the poor - 
performnce of the subjects on khese probability tasks. 
Q 
However, Hoemnn and Ross (1971) inferred from Goldberg's --. 
results, if preschool children can be 'swayed by colour 

preference then the strength of their grasp of probability 

concepta is questionable. 

Verbal and Nonverbal Techniaues 

Davies (1965) supported Piaget's interpretation of the 

acquisition of probability concepts a8 a developmental . 
progression. However, in support of Yost et a1.,(1962), she 

found that children do have an understanding of probability 

concepts at an 'early age, but they cannot verbalize them. 
/----. 

In a 8tudhof 112 subjects ranging from age 3 to 9 years 
' 

'1 f 
the mean age for acquisition of verbal ability to describL/ 

r / 
probability wa8 7 years 4 months, but 100% of the subjects 

did not p.88 the verbal test until 9 p a r a  of ape. 
- 

Carlaon (1970) compared Piagetls (1951/1975) verbal 
. P 

teahnique and Yout at a1 . s ( 1962) nonverbal technique. He 



found that verbal and nonverbal tes&iques L a d e s ~  different 

aspects of development and consequently should not be - 

. -compared. In contrast to Davies (19651, the general age 

brackets suggested by Piaget for the development of 
- 

probabilistic thinking rare supported. In addition, Carlson 

'(1970) .suggested that the-procedu~e used by ~ o s ~  et al, 

(1962) m y  not adequataly assess'a child's concept of 

probability. He suggested that correct -responses appeared 

to be dependent upon an understanding of s i m p h  empirical 

frequencies rather than an operative system that allows 
/ 

prediction of distribu'ional form. c ' 
ai ! 

Pole of D o m a n t  Featureg 
' I  

Falk, Falk, and Levin (1980) claimed that the results 

of Yost et al. (19621, Qoldbarg (1966), and Davies J1965) 

contradicted those of. Piaget and- Inhelder (l9Sl/l97S) 

because of differepces in the mathemtical features of the 

problems that were presented.' After analyzing the problem8 
a i- 

used in the studies, Falk at al. found that some 
1 

& 

investigators included certain elements in their t m k s  that 

others overlooked. For example, Yost et al. (1962) and 
LpB - 

Davies (1965) compared only corglebntary probabilitieu 

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

* d therefore the correct 

suggested 



that, while the studies of Yost et al., Davies, and Goldberg 
b 

have in coaron the above chance level of performnce of very 

young children on probability tasks, they do not show any 

evidence that their tasks do indeed measure un&erstandlng of 

1 
probability. They cited an example; if a child, who likes 

black jelly beans, was offered a choice of two equal 

handfuls - of jelly beans, one which has four black and one 

other colour or one which has onei black a n d  four other . Z 

colour, the child would likely pick the hand with the most 

black without uskng the concept of probability. 

Hoemann and Ross (1971) carried out a series of studies 

to f lnd oht whether probability concepts are required for 
% 

above-chance performance insprobability tasks. They 

investigated two types of,probability tasks; 1) the - 
1 

decision-mking task, where the choice is between two 
T 

alternate spinners, and 2) a single spinner task, where a 

prediction ig made based upon the coloured elements on the . 

spinner. In all the experiments the subjacts were presented I 

* 
with spinners'thaQwere divided into relative proportions of 

- .  
, . black and white. Hoemann and Ross devised two types of I 

i fnstructions,,one requiring a probability judgaent and 'the 

other requiring a magnitude estilution. For example, for 
- 

the single spinner prediction task, the probability 

instruction asked the subjects where they thought the 



pointer will land when It stopped, on white or black. Por 

the magnitude estimation instruction, the subjects were 

asked to state which colour was the most, white or black. 

Hoelaann and Ross found that in the two-choice, 

alternative odds task the two types of instructions gave the 

sarb results. They concluded that comparing proportions and 
e 

estimating odds was not required for a correct anmmr in , 

this two-choice task, and therefore an understanding of 
t 

probability concepts was not required .for above-chance 

i 
performance. However, they pointed but that t h b  does not \ 

\ a 
m a n  thit two-choice tasks fail to measure probability 

4 

concepts, only that reaearchprs who use the'two-choice taoks 
\ 

/ 

must demonstrate that the task measures what it is designed 

to measure. 
* 

For the single-spinner prediction task the result6 

showed a dikference betwuen the two types of inutructions. 
I 

The errors in the probability instruction'wara significantly 
, 

higher that of the magnitude estimation instruction. 

Hoenrann and Ross concluded that an understanding of 

prowbility concepta did cont'ribute to above-chance 

. . 
performance in the prediction task. 

Hoemann and Ross concluded that success€ully chooain; 

the task with the more favourable odds did not give an index 
- 

of probability knowledge, particularly if direct magnitude 

comparison can take place. They indicated that not all the 

tasks that nominally are probability tasks require the use 



- 
of probability concepts. They also acknowledged the various 

definitions of-probability and concluded that mgnitude 
- 

discrimination, for them, was not cOnsldered to bit a 

probability concept, but rather a necessary step before. 

understanding probability. ~ e c a l l i h  Piaget and Inhelder 
% 

" (1951/1975), they concluded that the Viscovery of chancem 
does not occur until the onset of concrete operations when a 

child is about'6-8 years old, but magnitude discrimination 

is almost completely patered by this time. They also 

concluded that the 4-year-old,children ahowed no evidence of 
--- - 
L 

a concept of probability. 

Chapman (1975) supported Piaget and 1nhelder9a 

(l9Sl/l975) view that' proport i-onality concepta anii the 

ability to deal logically with abstract relations do not 

develop before formal operations. He found that even 10 to 

- 11 year old children do not discriminate proportions for the 

probabilistic reasoning task. Chapmn also compared' 

children's performance -one-container and two-container 

taakm. Previously, Ooldberg (1966) and Yost at al. (1962) 
-% 

had found that performance of premchool children on 

two-container tasks' ware significantly bptter than 

perf oruncfar on one-container tasks. However, Chapmn 
.l 

(19751, did not find any significant difference between 
- 

performnnceu of first grade children on one-container and 

two-container tasks. 



Perner (1979a) of fered an :Alternativti Bvmtmw , 

hypothesis to dounter Piaget and Inhelder's (1951/1975) 

claim that young children's inabipty to deal with 
J 

probabilistic tasks stems from {if €iculty with wrt-whole 

ralat ionships &he wPart-Wholew hypothesis). Derner (l979a) 

suggested that young children hav6 diff iculty understanding \ 
truly alternative eventa. He claimed that once they can 

t 
evaluate and compare alternatives they will arrive at an 

initial understanding of probability. This hypothesis, 

although similar in form to Piaget and Inhelder's 
L 

(1951/1975), does not assume that children understand 

part-whole relationships before they understand probability. 

.c 
Perner tested his "Alter tiwe Eventsa hypothesis and Pirget 

0 
and Inhelder's HPart-Uho hypothesis in two experiments 

involving part-whole related spinners and disjoint spinnerm. 
1 

Neither hypothesis was supported. 

In a second study, Perner (1979b) sought to explain why 

s o w  studies found performance differences between 
/ 

single-spinner and daub*-spinner tasks, .yet.others did not. 

Perner conducted two experiments. In th firs; experiment, 3 ,he hypothesized that preferential priming, that is asking 

children to express their preference between set. of 

colours, would induce the subjects to choome the correct 

spinner in the double-spinner task, but the incorrect event 
1 

in the single-spinner task. the preferential priming was 



completed before the experiment and the answrs given by the 
\ 

subject during the preferential priming were neither right 

bc wrong. g9 

w 

Perner found no evidence that preferentially primed 

mubjects perforud better on the double-npinned task -than on 
'I 

the aingle-spinner task. ~ e r n e r  concluded thad preferential 

priming did not seer to account for the performance 

differences in the two tasks. 

In the second experiment, Perner 41979b) hypothesized 

that subJects would be more likely to attend to features 
P 

such as number and area the amre these features varied. 
I 

Bocusing on variation in magnitude, Perner used seven 

different disks to teat this hypothesis. The hypothesim was 

not supported by the dita. 

Perner concluded that reported differences between 

single-spinner and double-spinner tasks are due to 

w idiosyncratic exper iwntal nethods and cannot be replicated. . 
1 * 

As previously mentioned, Piaget and Inhelder's 

(1951/1375) remearch has formed the impetus for much of the 

investigation into the develoglrent of probabilistic thinking 

in children. By focusing on the concept of / 
- have grovided ~ m m e e p t u a l  framework for discussion of the 

. , 

mymtewt ic development and underitand'ing of laws and 

causality. 

Piachbein (1975) explored u&t he called the *ptiury 

intuitiona of chr,npe. He clairsd that the intuition of 



- 

a chance is evident bcrfore the concept of hance is developed. 

Fischbein suggested that the intuition of chance exiats 

before the ages of 6 to 7 years, in preschool children. He 

claimed mthere certainly eximts a primary, pro-operational 

intuition constructed out of the day-to-day experience of 

the child and corplemntary to the intuition of necessityn 

(p.71)- 

Fischbein (1975) hypothesized two kinds of intuition: 

primary intuitions, which are contained within the % 1 
v -% 

individual and do not require instruction; and secondsry a 

intuitions, which are formed through education. He stated 

that preschool children have an intuition of chance, butGit 

is distorted by: 1) subjectivism, where the child sees Che 

random event of an object as having a mwillw of'its own; 2 )  
I 

passive induction, where children base their decision on the 

j * 
event imdiately before, not on the basis of all previouu 

i 

events; 3) a belief that random events are controlled dy the 

operator; and 4) changes in the experiment which are 

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

\ 

preference, preceding outcoms). +Fi~chbein contended that 

if preschool childrsn work with a 8-11 number of . '  

possibilities and therefore -1imi ed possible outcoms, they f 
can reason correctly. 

Fischbein, in support of Piaget and Inhelder, 

acknowledged that a systamatic understanding of probability 

does not appear until a much later age (11 to 12 yoarm). 

Q 



But he a180 contended that attaining an understanding of 

probability couid occur at a younger age (9 to 10 years) if 
i 

there is elementary instruction. Fischbein, Palrpu, and 

hnzat (1971) stated that 9 to 10 year old8 have" the 

concaptual framework to coaplete these problems, but it must 
1 

be nurtured through*training. 

Fischbein (1975) concluded the development of 

chance is a progressive begins with the 

intuition of chance in He contended 

that probabilistic thinking is an important element of our 

scientific education which cannot be entrusted to priaary 

intuition.. He mtated: 

(But) in order for this requirbtwnt of an 
efficient scientific culture to be m t ,  it is 
necessary to train, from early childhood, the 
corplex intpitive base relevant to probabilistic 
thinking; 1.n this way a genuine and constructive 
balance between the possible and the determined 
can be achieved in the working of intelligence 
(p.131). 

Falk at al. (19% also supported the inclusion of 

' 

probability instruction at a very young age. They suggesked - 

that one aethod of helping .to develop probabilistic concepts 
r 

in' young children is to have the$ play probability games. 

nder Differences 

Soma probability studiea have included investigations 

of the differences in task auccess between male and feaale 



subjects. Oavies (1966 1 found no significant dif lmrence at 

any age level in a non-verbal test. However, on a verbal 

test there was one significant differencm in favor of girls 
i, 

at age 7. Other probability studies which have 8hown 
> 

.significant 'gender dif is (Chapman, 1975; Perner, 

1979b; Ross, 1966) favou&d boys. In a11 the above mtudies, 

the gender dif ferencsa were,so small that gmerallzations 

concerning sex differences in-perforrance on probabilistic 

tasks cannot be made. 

Conc3urrion 

' Host recently, one of the emphases 

probabilistic thinking in children has 

d 

of the research in 

been to encourage the 

exposure topand instruction of probibi1,ity concept8 in the 

elemntsry achool (Falk et al., 1980; Fischbein, 1975; 

Fischbein st al., 1971; Rep, 1978). This haa evidently 

provided the impetus for so- publishing companies to 

include ufiits on probability in the upper intermediate 

texts, and introductory sections on probability in program 

for primary children. 

With the exception of Quebec, which articulated the 

inclusion of probability as an enrichment unit in 1980, the 

field of pf obabilityihas been conapicuous~y absent f ror aost , 
\ 

of the elementary ~lsthbwtlcrr provincial cur r iculur guidaa 
L' 

until very recently. At preaent, the newly reviaed 

provincial curriculur guides for math mtic8,'in British 2 



Columbia, Alberta, and Hanitoba 

the introduction of probability 

students. 

- - - 

have included guidelines, for 

and statistics to elerentary 

In rrumry,. the developn#nt of probabilistic thinking 

In children ia a relatively new area of research. Piaget 

and Inhelder (1951/1975) provided much of the impetus for 

early explorations in the field. Recently, the importance . -. 

of including probabilistic thinking as a toeic bn 

mathematics educetion (Balk et al. 1980; Fischbein, 1975; 

Rep, 1978) has been explored. Mditional research in this 

area needs to be pursued so that educators can use 

appropriate methods to provide interesting and relevant 

instruction in probability. 



Chapter 3 

METHODOLOGY 

This study is a partial replication of one of the 

experiments developed by Falk, Falk, and Levin (19801, who 

studied the development of pkobability concepts in children 
m * 

from the ages of 4 to 11 years; The' reasonu for replicating 

eir s b d y  were as follows: 1) the expertahtal design was /' 
1 

I well-defined and provided aubatantial informtion about the 
I 4 

i details of the experiment; 2 )  major issues ariaing from 
\ 

* \ other research were addressed, for example, the factor of 

\ lnagnituda estimation; 3 )  the subjects were from a different 
1 

education system and consequently the ?findings of Balk st 

,' 
al. (1980) were not directly applicable to our educational 

situation; and 4 )  the subjects were not randomly selected 

and represented a potentially biased sample, n a m l y  thome 

who word interested in playing the Mlottery g a r a .  

The following is an ~utline of the nsthodology used in 

this experiment, including the changes khat were made to the 
"& - 

procedures hsed by Falk et al. (1980). 



A t o t a l  of  48 s u b j e c t s  from a s i n g l e  e l e m e n t a r y  s c h o o l  

p a r t i c i p a t e d  i n  t h e  e x p e r i s # n t .  The e l e m e n t a r y  s c h o o l  h a s  a 

t o t a l  p o p u l a t i o n  of  a p p r o x i m t e l y  650 s t u d e n t s  and is 

l o c a t e d  i n  a n  upper-middle socioeconomic  class suburban '  

.ne ighbourhood.  
7 - 

The s u b j e c t s  o f  t h e  s t u d y  c o n s i s t e d  o f  24 boys and 24 

g i r l s .  They were chosen  a c c o r d i n g  t o  g r a d e  l e v e l ,  r a t h e r  

t h a n  on t h e  basis of  age ,  because  t h e  main purpose  of  t h i s  

r e s e a r c h  was t o  s t u d y  t h e  deve&oplscnt o f  p r o b a b i l i t y  

c o n c e p t s  i n  c h i l d r e n  a t  t h e  v a r i o u s  g r a d e s  i n  e l e m 8 n t a r y  

s c h o o l .  'To select t h e  sample,  t h e  s t u d e n t s  at '  e a c h  g r a d e  
I 

level were d i v i d e d  i n t o  two g roups  on t h e  baais of  gender .  \ 
Four boys and f o u r  g i r l s  were randomly s e l e c t e d  from e a c h  

g r a d e  l ist f r o a  k i n d e r g a r t e n  t o  g r a d e  s e v e n .  The f i r s t  

t h r e e  boys and t h r e e  g i r l s  selected a t  e a c h  g r a d e  l e v e l  were 

c o n t a c t e d  t o  p a s t i c i p a t e  i n  t h e  s t u d y .  The f o u r t h  s e l e c t i o n  

' f o r  e a c h  gender  at ,  e a c h  l e v e l  was r e s e r v e d  as a n  
>\ . 

a l t e r n a t e .  - 
'L 

Some p a r e n t a l  r e s i s t a n c e  t o  t h e  r e s e a r c h  was 

e n c o u n t e r e d .  A f e v  p a r e n t e  were concerned w i t h  t h e  e t h i c a l  

and 'moral i m p l i c a t i o n s  o f  e x p o s i  ng t h e i r  c h i l d r e n  t o  

wgamblingw and  r e f u s e d  t o  a l l o w  t h e i r  c h i l d r e n  t o  t a k e  p a r t .  

These p a r e n t 8  were a a e u r e d - t h a t  t h e  i n t e n t i o n  o f  t h e  

r e s e a r c h  was t o  s t u d y  t h e  c o g n i t i v e  development  



k 
probability concepts in children and their children were 

4 

replaced by the alternate students at that grade level. 

' Thb research of Falk, Falk, and Lev-in (1980) comprised 
- 

two experiments. The first experiment involved 36 children, 

20 girls and 16 boys, from the age of 5 to 11 years. For 

the second experiment the 25 children, 15 girls and 10 boys, 

were between the ages of 4 and 7 years. The children were 

unsolicited volunteers from an upper-middle clans i 

neighbourhood near the Hebrew Universify of ~erusalem. 
-'k. 

.d The Amaaatus . 

Falk, Falk, and Levin (1980) initially designed three - 
distinct t*es of apparatus to assess the perforrwnce of the 

subjects on prob;rbility comparison activities in different 

dimensions: 1) pairs of spinners of different radii divided 

into progor.tiona1. yellow and blue sectdrs (one-dimensional); 
d 

-2)\pairs of "plastic containers with drifferent.numbers of 

yellow and blue wooden beads in each (two-diuknsional 1; and 
d , 

3) pairs of wooden spinning tops of different volunen 

divided into sections of yellow and blue 

(three-dimsional) . . Using Pearson's cbsff icisnt of 
? 

correlation, Falk at al. (1980) found no signtficant 

difference between the results obtained from each apparatun 

(p. 192). This m a n t  that each set of apparatus was found 
i 

to be reliable as a independent manure of children's 

ability to compare probabilities. Because no statistical 



- 
d i f f e r e n c e  WAS found between t h e , r e s u l t s  of  t h e  d i f f e r e n t  + 

- 
k i n d s  of  materials, t h e  s p i n n e r  a p p a r a t u s  was selected f o r  

* 
use  i n  t h e i r  secorid e x p e r i m d t  because  it had produced t h e  

s h o r t e s t  a v e r e g e  s e s s i o n  t i m e .  
/ 

a Based upon t h e  f i n d i n g s  of F s l k  e t  a l .  (1980), t h e  

d e c i s i o n  was made t o  u s e  s p i n n e r s  i n  t h e  p r e s e n t  s t u d y .  The - 

 spinners Are rbund circles o f  vaxying r a d i i  (see Tab le  1) 

which ware divided i n t o  s e c t o r s  of  e q u a l  c e n t r a l  a n g l e s .  

The area of t h e  s p i n n e r  Gas p r o p o r t i o n a l  t o  t h e  number of  
\ 

its s e c t o r s .  ~ h i s ' e n s u r e d  t h a t  t h e  s e c t o r s  were o f  e q u a l  

area. The a p p a r a t u s  w a s  d e s i g n e d ' s o  t h a t  two o f  t h e  l a r g e s t  

s p i n n e r s  would f i t  d n t o  one half of  a piece of s t a n d a r d  
a d  

r a i l w a y  board (36  c m  wide by 56 csa l o n g ) .  T h i r t y - s i x  p a i r s  

of c a r d b o a r d  s p i n n e r s  were c o n s t r u c t e d .  The s e c t o r s  on e a c h  

s p i n n e r  ware c o l o u r e d  b l u e  o r  ye l low.  These c o l o u r s  ware 

chosen because  F a l k ,  F a l k ,  a n d  Levin  (1980) had used b l u e  

and y e l l o w  as t h e i r  s e c t o r  c o l o u r s ,  and t h e  c ~ l o u r s  o f f e r e d  
9 + 

a good c o n t r a s t ,  b u t  were n o t  t o o  b r i g h t .  The sectors of  . 
t h e  s p i n n e r  were c o l o u r e d  by a l t e r n a t i n g  b l u e  w i t h  y6l low.  

I f  t h e  number of  s e c t o r s  were n o t  e q u a l ,  t h e  c o l o u r s  were 

a r r a n g e d  t o  p r e s e n t  &s g r e a t  a c o n t r a s t  as p o s s i b l e .  For  

example, i f  t h e  s p i n n e r  had f o u r  y e l l o w  h e c t o k s  and  s i x  b l u e  

s e c t o r s ,  t h e  p a t t e r n  vou ld  be ye l low,  b l u e ,  b l u e ,  ye l low,  

bltk, yel low,  b l u e ,  b l u e ,  ye l low,  b l u e .  I n  a d d i t i o n  t o  

a d j u s t i n g  t h e   patter^ of c o l o u r s  on t h e  a p i n n e r ,  t h e  



TABLE 1 

Spinner Sizes 

Number of Radius of Central  Angle of 
S e c t o r s  Spinner Bach S e c t o r  

( c m )  ( d e g r e e s  1 



o r i e n t a t i o n  of t h e  s p i n n e r  was s h i f t e d .  For example, f o r  a 

set  of  sp inne r s ,  each wi th  t h r e e  s e c t o r s ,  two b lue  and one 

yellow, one s p i n n e r  would have t h e  yel low s e c t o r  a t  t h e  . 

@topu  of t h e  s p i n n e r  board, whi le  t h e  o t h e r  would b e ' r o t a t e d  

t o  e i t h e r  side o r  t o  t h e  wbottomw of t h e  s p i n n e r  board.  
a 

A seven mill imtre h o l e  w a s  aade i n  t h e  c e n t r e  of each# 

ap inner .    he cardboard s p i n n e r  p a i r s  were s t a c k e d  i n  groups 

of 18  on a wooden board ( 4 5  cr wide by 65 c m  long ) .  A p i e c e  

of wooden doweling ( 6  mm i n  d iameter  by 8 c m  l ong )  w a s  

pushed through t h e  c e n t r a l  ho l e  i n  each  spinne-r= and aqchored 

pn d r i l l e d  ho le  In  t h e  wooden board (see F igu re  1). A 

small p o i n t e r ,  made from a wooden p o p s i c l e  s t i c k ,  was used 

as t h e  s p i n n e r ' s  i n d i c a t o r .  T h e ~ p o p s i c l e  s t i c k  w a s  c u t  t o  , 

seven centinrekres and t h e n  f i l e 9  t o  a p o i n t  a t  one end. The 
1 

oppos i t e  end w a s  f i l e d  t o  conform t o  t b  inne r  concave curve  

of a metal washer. Th i s  end w a s  g lued t o  t h e  aetal  washer 

and. e a s i l y  s l i p p e d  over  t h e  doweling. 
- 

For each  t a s k  t h e  s u b j e c t  w a s  p resen ted  wi th  a pair of 

s p i n n e r s  o f  s p e c i f i c  p r o b a b i l i t i e s  and asked  t o  choose t h e  

s p i n n e r  which he o r  s h e  would l i k e  t o  t w i r l  i n ' o r d a r  t o  / 
if 

produce a n  element of t h e  payoff c o l o u r  (POC) . The / 
- \  ' 

\ '  
p r o b a b i l i t y  of t h e  payoff  co lou r  f o r  each  s p i n n e r  was t h e  i !  

i /  , 

r a t i o  of t h e  number of eleaaents of 

n d r  of e l s m n t s  i n  t h e  s p i n n e r .  

t h e  POC t o  t h q  t o t a l  

Th i s  meant t h a t  t h e  two 

6 



Figure 1. Diagram of spinner board apparatus. 



- - - -  -- 

- - 34 

- 

s p i n n e r s  i n  e a c h  s p i n n e r  se t  c o u l d  d i f f e r  i n  t h r e e  'ways: 
\ - 

1) , t h e  to ta l  number o f  e l ements ;  2 )  t h e  number o f  payoff  

e l ements ;  and 3 )  t h e  number bf non-payoff e l h m e n t s .  

T a b l e  2 shows t h e  r e l a t i o n  between t h e  number of  payof f  

e l e m a n t s  and t h e  t o t a l  number of e l e m e n t s .  T h i s  produced a 
6 

p o t e n t i a l  f o r  n i n e  d i f f e r d n t  k i n d s  of  t a s k s .  However, t h r e e  

of t h e s e  combina t ions  ( C e l l  D, C e l l  F, C e l l  (3) are 
-. 

i m p o s s i b l e  a s  t h e  two v a r i a b l e s ,  P ~ C  and  t h e  t o t a l  number, 
I 

are n o t  independen t  of  e a c h  o t h e r . .  For  example, t h e  number 

of  POC c a n n o t  b e  s m a l l e r  on t h e  c o r r e c t  s i d e  i f  t h e  t o t a l  

number of e l e m e n t s  are e q u a l  ( C e l l  F); S i x  d i f f e r e n t  t a s k s  
1 

remained.  Another  t a s k  ( C e l l  I ) ,  where t h e  t o t a l  number is - 
e q u a l  on b o t h  s p i n n e r s  and  t h e  POC is e q u a l  on b o t h  

s p i n n e r s ,  p roduces  i d e n t i c a l  t a s k s .  

With t h e  a d d i t i o n  of  t h e  number of  non-payoff e l e m e n t s  

as  a v a r i a b l e ,  t h e  number of  p o t e n t i a l  t a s k s  i n c r e a s e s  t o  18 
c 

(8ee T a b l e  3 ) .  Most of  t h e s e  p o t e n t i a l  t a s k s ,  however, are 

i m p o s s i b l e  bdcause  t h e  e l e m e n t s  are n o t  independen t  o f  e a c h  

o t h e r .  As a r e s u l k ,  o n l y  two d i f f e r e n t  t a s k s  were added,  

f o r  a t o t a l  o f  e i g h t  t a s k  c a t e g o r i e s .  

~ f t &  t h i s  i n i t i a l  c a t e g o . r i z a t i o n ,  t h e  t a s k s  were 

d i v i d e d  i n t o  t h r e e  levels o f '  d i f f i c u l t y .  The level o f  

difficulty f o r  e a c h  t a s k  warn de te rmined  by t h e  r a i a t i o n  of  

t h e  p r o p o r t i o n  of #he s p i n n e r  t o  t h e  f r a c t i o n  1 /2 .  Easy 

t a s k s  were t h o s e  i n  which one of t h e  two p r o p o r t i o n 8  was 

larger t h a n  1 / 2  and t h e  o t h e r  s A, l ler  t h a n  1 /2 .  Medium 



TABLE 2 
- 

Classification of Taskm'by Number of POC Elemntm 
and Total Number of Blewntd 

Total Number of Elemntm 

Greater on Smaller on Bqua 1 
correct side correct side 

P 0r6ater on Cell A Cell B Cell C 
0 correct side 
C -  ' 

? 

E 
1 Smaller on Cell D1 7 -11 Pi 
e corrgct side 
1 

e 
n 

' t Equal Cell W Cell H 

Tasks in these cells are impossible.. . 





-- tasks offered a comparison where one proportion was 112 and 

the other differed from 112. Difficult tasks preasnted 
I + "/I 

proportions on the spinners which were both 1arge.r or both f 
smaller than 112. In the easy and k d i u r  tasks; the 

proportions were "designed usikg the minimal number of 

eleaaents that satisfied all the requirements of the task. 

In the difficult tasks the proporstions were constructed so 

that the tasks became increasingly difficult, with the most 

difficult task having the smallest difference of ratios 
I 

I 
w between the elements. The experiment included 12 easy, 10 

1 

medium, and 14 difficult tasks. The \\ tasks are outlined in 

Table 4. ii' 

Each child was presented with all 36 tasks. The tauks 

were presented in one sitting with a break at the eonclu8ion 
- 

of 18 tasks. The tasks were pz ented in a random order to "S, 
I 

each student. This was accomplished by shuffling all of the 

- spinner boards a c t h e  conclusion of each experimental 

session. 

The Procedure 
1 

The exper.imnt was held in a 8-11 seminar room in a 

classroom complex; The apparatus was set up for the 

duration of the-experiment. Each child was met at hi8 or 

"her classroom and eucorted by the experimnter to the 

seminar room. a -- During this time the child wan familiarized 

with the basic purpose of the experi.lsnt and any 



TABLE 4 

Composition of Tasks 

t Level of I ter Composition 
Category Difficulty Identifier (B-Y) ( 8 - y  

i/ 

$any 
Easy 

Hedium 
Ued i un 
DifficulS 
Difficult 
Difficult 
Difficult 

B-Y. 
Hed i un 
Difficult 
b s Y  

Eed i urn 
Difficult 

Easy 
Medium 
Difficult 

Easy 5BA (2-1) 
Easy 5BB , (3-2) 
.=-Y 5EC *(2-6) 
Hod i urn 5HA (2-2 
Hod i urn SUB (2-1) 
Difficult 5DA (9-1) 
Difficult 5DB (4-2) 
Difficult 5M: (3-2) 
Difficult 5DD (2-1) 

Easy 6 
Ued i ur 6 
Difficult 6 
W s Y  7 

Hed i urn 7 
Difficult 7 

Barry 8 
Uediur 8 
Dif f iculc 8 

t reverse order on actual spinner board 
*'item selected for specific questioning 



apprehens ions  he ar s h e  may have had v i t h  regard8 t k t h e  
* 

experiment were eased .  Upon a r r i v a l  a t  t h e  merinar ro=, 

t h e  c h i l d  w a s  asked  t o ' s i t  a t  a l a r g e  r e c t a n g u l a r  table 

oppos i t e  t h e  exper imenter .  The sp inne r  board, t h e  i n c e n t i v e  

board (see Figure  21, a n d - a  t a p e  r eco rde r  microphone w r e  

ar ranged  on t h e  t a b l e .  The ,purpose of t h i s  a p p a r a t u s  w a s  

exp la ined  t o  c h i l d  and any  q u e s t i o n s  r ega rd ing  t h e  appa ra tus  

were answered. b 

Each c h i l d  w a s  i n v i t e d .  t o  p l a y  a p r e l i m i n a r y  gam t o  

f a m i l i a r i z e  6he c h i l d  wi th  t h e  * incen t ive  procedure  bnd t h e  

i dea  t h a t  t h e  game involved chance. I n  t h e  game t h e  c h i l d  

w a s  asked t o  pick a number from one t o  s i x  on a s o v e r - s i z e d  I 

d i e .  The c h i l d  w a s  t o l d  t o  throw t h e  d i e  i n  t h e  a i r  t o - s e e \  

i f  t h e  d i e  would l a n d ' w i t h  t h e  number t h a t  he o r  s h e  

s e l e c t e d  showing on t o p .  The c h i l d  was given  t h r e e  toumed 

of t h e  d i e .  , 

& a c h  t ime  t h e  number t h e  c h i l d  s e l e c t e d  came up, t h e  
A - 

c h i l d  was g iven  a s h a l l  p l a s t i c  token.  The p l a s t i c  tokens  a 

w e r e  used as % t e p s m  on a t r a i l  toward a n  i t e m  of food f o r  

"H&dog Daya. Hotdog Day is a monkhly fund r a i s i n g  even t  a t  
-\ k- 

t h e s c h o o l  sponsored by t h e  Par*& Cor l su l ta t ive  C o r r i t t e e .  

The Hotdog Day c h a r t  o f f e r e d  t h r e e  item: a hotdog, a donut  

and a d r i n k  (see F igu re  2 ) .  Each i t e m  had a t r a i l  of apace8 
/'--', 

f o r  t h e  Jbkens. When t h e  token spaces wdre f iq1.d t h e  c h i l d  

was given  a c r e d i t  t o r  t h a t  i t e m  f o r  t h e  fo l lowing  Hotdog 
- 

Day. Thi s  procedure was f o l l o m d  f o r  a l l  c h i l d r e n  i n  
1 

u 



Drink 

Figure 2. Incentive board. 



-- \. 
Grades 1 through 7. -- -- 

+ 

\ A different incentive was used for t h b  kindergartm , 

2 J 
children because their short day did not permit them to take 

part in Hotdog Day. The kindergarten children wsgs given a 

choice of 'ten different aScratch-n-Sniffn stickers. The 
(I . 

\ 
chosen sticker was placed at the end of a trail of token I 

'4- 

a 
spaces.@ I f  the number the kindergarten child selected c a m  

,+' - * 

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

When the trail was filled with 

the Scratch-n-Sniff stkcker. 

When the pr,eliminary game 

the experiment was reiterated. 

explained to the child and khe 

tokens the child wau given 

was finished, the purpose of ,, 

The spinner board was 

apparatus was demonstrated. 

Each child was given the opportunity to flick the pointer a 

couple of, times in order to familiarize himself or herself 

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

experiment, a token was placed to the side of the spi'nner 
> 

board. The subject was initially informed and subsequently " 
3 

reminded throughout the elperigsnt that the payoff colour -. 
\ 

was blue. A blue blckk was used a8 a vinual reminder and 
4 

was placed at the top of the spinner &paratus .in hrll view 

of the aubject. The chil'd then aaked to choose the 
.i i 

spinner which he or she would expoct $0 produca an elemant . 

of the required colour (blue). After making a choice, the 
--  

child was asked to spin the pointer of that spinner. If the 

pointer landed on a blue/segpent, the token was placed along 



the sefected trail. If the pointer did not land on a H u e  - 

segment, the token remained for the next item. - The spinner 
the student chose, as well as the outcope of spinning the 

4 

pointer were recorded by the experimenter on a form (see - 
1 ,  

Figure 3 )  

One record form was used for each student. -he gender 

and the'grade level of the student was recorded. Q c h  item 

was listed by code.- Adjacent to the code a narrow bar was 

coloured black to indicate right mi-de of -the spinner board 

(experimenter's right) as the correct choice, or left 
+ 

uncoloured to indicate the left side of the spinner board 

(exper$oaenter's left) as the correct choice. The subject's \ 

bslection of the spinner (experiap4nterws right or left) and 

the outcome T the spinner were recorded. The third column 

was-used to scoring at the conclusion of the experiment. 

Bach session was audio-recorded to obtain an accurate 

account of all verbql comments *de by the students. Thi's 
* 

provided an explanation for the choices raade by individuals. 

In order to enab,le a comparison between the grade 

groups, and between the individual responses within grade 

levels, one task was chosen from each of the eight 

categories for specif ic qusstioninp'. 'The, choice to limit 
. , 

epcrcifLc questioning to eight itens was necessary in order 

to keep the individual sessions to a manageable time (30 

minutee). . The =in factor when selecting the items- was' - 
%- 

representatian of the levels of difficulty. The i t e m  were 



Grade : K 1 2 3 4 5 b 

Totiit Correct. ... ....... % 

J Easy bred ....... ......... --, 70 
~ e d i u r n  Correct ... ....... -. '70 - 

... ... Difficult Carrd ._.. 70 * 

-, Figure 3 .  Record form. 



rre1ect.d- f,ror t h c i g h t  c'ategor ies without bias. Ths! 

selected i t e m  were IDA, 2l4, 3E, 4D, SEC, 6D, 7E, and 8!4. 

These task items are defined in Table 4 .  The selected tasks 

were mrked with a small asterisk by on the spinner board to 

facilitate identification by the experimenter during the 

As the selected tasks were completed by the student'and 

the results were recorded by the experid#nter, the r student , 

. 
A s  asked why he or she made that darticular choice. At the 

end of each session'the audiotapes were coded and 

subsequently transcribed. The transcriptions were mounted 

by category and grade level in large pieces of cardboard. 

This enabled a ready comparison between and within the grade 

The Analvsis 

The data collected was analyzead by determining: 1) the 

percent of correct responses of a13 tasks by grade; 2 )  the 

percent of correct responses ,by grade and category; 3) the 

percent of correct regponses by grade a*nd the level of 

difficulty; and 4 )  individual responses from the verbal 



Chapter 4 

The r e s u l t s  f o r  each  g r a d e , t a s k  ca tegory ,  and l e v e l  of 

d i f f i c u l t y  were c a l c u l a t e d  by compiling t h e  number of f 
\ 

c o r r e c t  responses  f o r  each  grouping.  This  r a w  s c o r e  was 

transformed i n t o  a pe rcen t  c o r r e c t  scbre by, d i v i d i n g  t h e  
I 

a c t u a l  number of c o r r e c t  responses  by t h e  t o t a l  p o s s i b l e  
' 

number of c o r r e c t  responses .  The ve rba l  responses  made by t 

each  s t u d e n t  w e r e  a l s o  a s s e s s e d .  , $ .  

i . 
G r o u ~  R e s u l t s  

t 
2 

The group r e s u l t s  were c a l c u l a t e d  from s u b j e c t  reaponwe 

on 31 of t h e  36 items. F ive  items were not  included In .,. 

t h e s e  r e s u l t s  because t h e y  r ep re sen ted  a cho ice  between two 

s p i n n e r s  wi th  equa l  p r o p o r t i o n s .  An a n a l y s i s  of t h e s e  t a s k s  

w i l l  conclude t h e  s e c t i o n  on group r e s u l t s .  

For  t h e  31 t a s k s ,  t h e  pe rcen t  of c o r r e c t  response by 

a l l  s u b j e c t s  -8,770. Th i s  is above chance l e v e l ,  as t h e  

upper t h r e s h o l d - f o r  pe rcen t  c o r r e c t  by chance is about  53% 



The group r e s u l t s  were eva lua t ed  i n  t h r e e  ways: 1) by 

grade l e v e l ;  2 )  by t a s k  c a t e g o r y  ( s e e  Table  5 ) ;  and 3 )  by 

l e v e l  of a i f f i c u l t y :  easy,  medium, and d i f f i c u l t .  0 

t 

grade Level R e s u l t s  

For each grade  t h e  pe rcen t  of c o r r e c t  r s sponsea  f o r  

a each 'ca tegory  and f o r  t h e  t o t a l  of each c a t e g o r y  were 

c a l c u l a t e d .  These r e s u l t s  are p re sen ted  i n  Table  6. 

The t o t a l  pe rcen t  c o r r e c t  s c o r e s  f o r  each  grade  are 
f ,- 

above chance l e v e l .  The upper t h r e s h o l d  f o r  p e r c e n t  c o r r e c t  

by chance is abou t  578 ( n  of item = 31, n of 

s t u d e n t s  = 6, 4 - 0.05) .  The pe rcen t  c o r r e c t  s c o r e s  t end  t o '  ' 

i nc rease  through t h e  g rades .  The Grade Three average  of 75% 

A and t h e  Grade S i x  average  o 798 show some d e v i a t i o n  from 

t h e  upward t r end ,  wi th  s c o r e s  lower t han  t h e  prev ious  grade,  

but  t h e m  do  no t  r e p r e s e n t  a s u b s t & t i a l  s h i f t  from - t h e  

t r e n d .  When t h e  a d j a c e n t  ,grade groups are p a i r e d  t h e  

i'aprovement through t h e  grade  l e v e l s  is e v i d e n t .  Table 7 

shows t h e  of c o r r e c t  responses  f o r  t h e  a d j a c e n t  

pairs ( K - 1 ;  2-3; 4-5; 6-7). Response by g rade  and 

pa i r ed  g rades  are g r a p h i c a l l y  r ep re sen ted  i n  F igu re  4 .  

There is a sp read  of 208 between t h e  h i g h e s t  s u c c e s s  

rate (Grade Seven; 84%)  and t h e  s m l l e s 5 c c e s s  rate 



TABLb: 5 
Q 

C a t e g o r y  D e f i n i t i o n  For T a s k  I teras  

- - 
. C a t e g o r y  1 - POC greater on c o r r e c t  s p i n n e r  

NPOC g r e a t e r  09 c o r r e c t  s p i n n e r  
' T o t a l  number greater on c o r r e c t  s p i n n e r  

C a t e g o r y  2; POC g r e a t e r  on c o r r e c t  s p i n n e r  
NPOC less on c o r r e c t  s p i n n e r  - T o t a l  number g r e a t e r  on c o r r e c t  s p i n n e r  

Ca tegory  3 - POC g r e a t e r  on c o r r e c t  spinner 
NPOC e q u a l  
T o t a l  number g r e a t e r  on c o r r e c t  s p i n n e r  

C a t e g o r y  4 - POC g r e a t e r  on c o r r e c t  s p i n n e r  
NPOC less on c o r r e c t  s p i n n e r  
T o t a l  number less on c o r r e c t  s p i n n e r  

I 

C a t e g o r y  5 - POC less on c o r r e c t  s p i n n e r  
NPOC less on c o r r e c t  s p i n n 6 r  
T o t a l  number less on c o r r e c t  s p i n n e r  

C a t e g o r y  6 - -  POC e q u a l  
NPOC less on c o r r e c t  s p i n n e r  
T o t a l  number less on c o r r e c t  s p i n n e r  

C a t e g o r y  7 - P O C , g r e a t e r  on c o r r e c t  spf-nner ' 

' NPOC less on c o r r e c t  s p i n n e r  1 

T o t a l  number e q u a l  

C a t e g o r y  8 - POC e q u a l  
NPOC e q u a l  
T o t a l  number e q u a l  



TABLE 6 

Percent of Correct Response by Category and Grade 

Category 

1 2 3 4  5 6 7 Grade 

Number of Tasks Total 

Total 67 91 88 8 4  67 1 83 - 87 77 



TABLE 7 

Percent Correct Response by Category and Grouped Grades 

-L 

Category 
L 

Grade 1 2 3 4 5 .6 7 

J '  Number of Tasks Total 

Total 6 71 91 88 8 4  67 83  8 8  + 77 
f /' 



Grade 

- Man parcent correct  

.*---l4ean percent correct  of grouped grades 

Figure 4 .  Percent correct  by grade l e v e l  and grouped 
grades. + 

C 



( K i n d e r g a r t e n ;  64%).  The g ~ ~ e a t e s t  d i f f e r e n c e  between 
). 

i a d j a c e n t  average s u c c e s s  s c o r e s  is 108  between K i n d e r g a r t e n  

and Grade Pne .  T h i s  is t h e  Sam as t h e  d i f f e r e n c e  batween 

t h e  Grade One a v e r a g e  s c o r e  ( 7 4 8 )  and t h e  Qrade Seven 

a v e r a g e  s c o r e  ( 8 4 9 ) .  I n  t h i s  sample,  t h e r e  w a s  a g r e a t e r  

improvement i n  t a s k  u n d e r s t a n d i n g  between K i n d e r g a r t e n  and 

Grade One t h a n  between' a n y  o t h e r  a d j a c e n t  g r a d e  1~06'. 

Grade Results for S~ecific Cateqorie~ 
- .  

The 36 t a s k s  were d i v i d e d  i n t o  e i g h t  c a t e g o r i e s  

a c c o r d i n g  t o  t h r e e  cri teria:  1) t h e  t o t a l  number on t h e  

c o r r e c t  s p i n n e r ;  2 )  t h e  r e l a t i v e  number of t h e  pay-off  

c o l o u r  (POC) on t h e  c o r r e c t  s p i n n e r ;  3 )  t h e  r e l a t i v e  number 

of t h e  nonpay-off c o l o u r  (MPOC) on t h e  c o r r e c t  s p i n n e r .  The 

c a t e g o r i e s  have been d e f i n e d g i n  Table 5. 

The c a t e g o r i e s  w i t h  t h e  g r e a t e s t  a v e r u g e  s u c c e 8 s  

p e r c e n t a g e  weze C a t e g o r y  Two (919) and c a t e g o r y  Three  ( 8  8 ) .  t 
I n  b o t h  of  t h e s e  g roups  t h e  POC and t o t a l  number were . 

/ I 

g r e a t e s t ,  on t h e  c o r r e c t  s p i n n e r .  The c a t e g o r y  w i t h  t h e  n e x t  

h i g h e s t  a v e r a g e  s u c c e s s  p e r c e n t a g e  w a s  C a t e g o r y  Seven ( 8 7 % )  

where t h e  POC w a s ' g r e a t e s t  on t h e  c o r r e c t  s p i n n e r ,  b u t  t h e  , 
I 

t o t a l  number was t h e  same. I n  t h e s e  t h r e e  g roups  t h e  P - I - 
was g r e a t e r  on t h e  c o r r e c t  sida, and t h e  WPOC on t h e  c o r r e c t  

I 

side w a s  less t h a n  o r  e q u a l  t o  t h e  NPOC on t h e  i n c o r r e c t  
-i 

s ide .  I n  t h e s e  c a t e g o r i e s  t h e  s t u d e n t s  c o u l d  choose  t h e  

c o r r e c t  s p i n n e r  s i m p l y  on t h e , b a s i s  of t h e  g r e a t e s t  area ( o r  



i 
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52 
J *  - 

number of s e c t o r s )  devoted t o  t h e  POC. 
C 

- The loweqt average  succes s  pe rcen t  occur red  i n  Category 
,' i One (678)  though it f u l  i l l e d  t h e  main c h a r a c t e r i s t i c  

- - - - 
-V 

of t h e  a s  which evoked t h e  h i g h e s t  c o r r e c t  response;  

s p e c i f i c a l l y ,  g r d a t e r  on t h e  c o r r e c t  s p i n n e r .  b 

But an- a d d i t i o n a l  f e a t u r e ;  t h e  NPOC 

s p i n n e r .  This  m a n s  t h a t  i f  a 

t h e  -is of th.e area o r  number 
. - 

7= of s e c t o = s  devoted t o  t h e  POC, t h e  &ice would be c o r r e c t .  
i 

However, i f  t h e  d e c i s i o n  was based o n i t h e  NPOC, and t h e  . 

s p i n n e r  w i t h  t h e U l e a s t  number of d e c t o r s  devoted t o  t h e  NPOC 

was s e l e c t e d ,  t h e  cho ice  would be i n c o r r e c t .  , 

Another f e a t u r e ,  of t h e  r e s u l t s  i n  Category One was t h e .  

L/ r e l a t i v e  pe rcen t  c o r r e c t  of t h e  Kindergar ten s u b j e c t s  
w , 

,compared t o  t h e  o t h e r  gra&s. ~ i n d k ~ a r t e n  s u b j e c t s  had t h e  

h i g h e s t  pe rcen t  c o r r e c t  (798) ,  wi th  Grades One, Two, and 

Three each wi th  759  (see Figure  5 )  .4t* 

However, t h e  pe rcen t  c o r r e c t  re&onse f o r  Grades POU; 
; 4 

C 

t o  Seven dropped c o n s i d e r a b l y  wi th  cha Grade Four group 

p roduc ing ' t he  sullkst percent  ok ' co r r ec t  reaponsets o u t  of 

a11 groups of item i n  t h e  experiment (46%) .  Although t h e r e  
% 

is lmprovearsnt wi th  t h e  Grade Rive s c o r e s  (638) ,  t h e  Grade 

S i x  and Seven pe rcen t  of c o r r e c t  responses  r e m i n  i n  t h e  
I 

sars range (Grade S ix ,  608; Grade Seven, 659) .  The upper 

t h r e s h o l d  f o r  chance l e v e l  of c o r r e c t  response  is 649 (n 

of item = 8, n of s u b j e c t s  = 6, O( 5 0.05) 3 Thi s  



K 1 2 3 .  4 5 6 7 
Grade 

- Hdan percent correct 

Percent correct i n  Category Oris by grade level 
and grouped grades. 

, Figure 5 .  



-- 
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s u g g e s t s  t h a t  t h e  p r i m r y  c h i l d r e n  may have been 

single-minded i n  t h e i r  responses . . . looking f o r  t h e  sp inne r  

wi th  t h e  g r e a t e s t  number of POC w h i l e  no t  even cons ide r ing  

t h e  WROC. I t  a l s o  s u g g e s t s  t h a t  t h e  m a j o r i t y  of Grade Four 
I. 

t o  Beven s u b j e c t s  d i d  no t  c a l c u l a t e  t h e  prop& of POC t o  
fl 

HPOC t o  determine a response.  
0 .  1 '  

When t h e  audio- taped comments were reviewed and pa i r ed  

wi th  t h e  r e s u l t s  of dach  i t e m ,  t h e  primary s t r a t e g y  seems t o  
0 

0 

have c o n s i s t e d  of a comparison of t h e  r e l a t i v e  number of 

s e c t o r s  on each  s p i n n e r  'irh;voted t o  t h e  POC o r  the,NPOC. 

S tuden t s  would look a t  t h e  dominant co lou r  and make t h e i r  

cho ice .  I f  t h e  dominant co lou r  was blue,  t h e  c h o i c e  would 
, 

u s u a l l y  be-t,he s p i n n e r  wi th  t h e  g r e a t e r  n u d e r  of b lue  

s e c t o r s .  For example, s t u d e n t  HC (grade  2 ) ,  on t a s k  IHA, 
Y 

r epo r t ed :  'Cause t h i s  one had more spacea of b l u e  t han  

t h i s '  one.w 

~f t h e  d o L t  co lou r  w a s  yellow, t h e  cho ice  would 

o f t e n  be t h e  sp inna r  wi th  t h e  least yellow, as it was t h e  

non-payoff c o l o k .  For example, s t u d e n t  SS (g rade  I ) ,  on 

t a s k  lDR, r epo r t ed :  *Less yel low t r i a n g l e s  t han  on t h e  
d 

* 
o t h e r  s i d e . n  

Within Ca tegor i e s  Two and Three, t h e  p e r c e n t  of c o r r e c t  
* 

responses  g e n e r a l l y  increased  through t h e  grade  l e v e l s .  

There are sma l l  d i s c r e p a n c i e s  i n  t h e  g rade  t o  g rade  

t development, bu t  a n  o v e r a l l  t r e n d  of improvement is 

Category Four shows improvement' i n  t h e  p e r c e n t  

e v i d e n t .  

of 



- - - --- 

c o r r e c t  responses  from Kindergar ten t o  Grade Three. This  i8 

followud by ,moderate f l u c t u a t i o n s  i n  t h e  pe rcen t  of c o r r e c t  

S rasponsea from &ade Four t o  Seven. 

I n  Category F ive  t h e r e  is a d e f i n i t e  s p l i t  i n  t h e  d a t a  

(see F igu re  6 ) .  I n  t h i s  ca t ego ry  t h e  Kindergar ten t o  Grade 

Three groups show t h e  lowest  percen t  of c o r r e c t  tesponasm'of 

a l l  c a t e g o r i e s .  A s  i n  Category One, t h e  upper t h re sho ld  f o r  

chance l e v e l  of  c o r r e c t  response is 64% ( n  of items = 8, 

n of s u b j e c t s  = 6, = 0 .05 ) .  There is a 298 jump i n  , 

t h e  pe rcen t  of c o r r e c t  responses from Grade Three t o  Grade 

Four, wi th  marginal  dec reases  i n  Grades F ive  and 8 i x .  The 

average  pe rcen t  c o r r e c t  f o r  t h e  Kindergar ten t o  Grade Three 
i )  

group w a s  559 and f o r  t h e  Grade Four t o  Grade Seven group, 

Category F ive  was t h e  o n l y  ca t ego ry  where t h e  POC w a s  

s m a l l e s t  on t h e  c o r r e c t  s p i n n e r .  The NPOC and t h e  t o t a l  

number were a l s o  smallest on t h e  c o r r e c t  s p h n e r .   his 

would seem t o  r e i n f o r c e  t h e  hypothes i s  t h a t  primary c h i l d r e n  

e x c l u s i v e l y  examined t h e  number of s e c t o r s ,  o r  area, devoted 

t o  t h e  POC. I f  t h e  s ec to r s , '  o r  a re@,  devoted t o  t h e  NPOC 

had been t aken  I i n t o  account  t h e  choice  would have bben ' the  i .I 

a l t e r n a t i i e  s p i n h e r  t h a t  is, s d l e c t i n g  t h e  s p i n n e r  wi th  t h e  
I 

s m d l l e s t  number of NPOC would have produced t h e  c o r r e c t  
," cho ice .  

I n  Category S i x  t h e  pe rcen t  c o r r e c t  doe8 no t  show a I , 

smooth i n c r e a s e  from grade  t o  -grade. There is a l a r g e  . , 
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Figure - 6 .  Percent correct respon8e i p  Category F i v e  by 

g r q e  and grouped grades. 



a i n  t h e  pe rcen t  c o r r e c t  f r  i nde rga r t en  t o  Grade 

J One, bu t  t hen  t h e  s c o r e s  seem t o  f l  c t u a t e .  

Category Seven shows a n  increqse  i n  pe rcen t  c o r r e c t  
\ 

J I 

respohsea from Kindergar ten  t o  Grade Two, i t h  f l u c t u a t i o n s  

t h e r e a f t e r .  The upper t h r e s h o l d  f o r  chance l e v e l  of 
' . 

c o r r e c t  response is 74% (n of item = 3 ,  n of 

s u b j e c t s  =1 6, 4 = 0 . 0 5 ) .  
-P 

C 
Grade Resu l t s '  f o r  Leve ls  of  D i f f i c u l t v  

~ i n d e ' r g a r t e n  and Grade One l e v e l ,  t h e r e  is a tendency f o r  

$tic t o t a l  number of c o r r e c t  responses  t o  dec rease  w i t h  t h e  

d i f f i c u l t y  of t h e  t a s k .  

The t a s k s  were a l s o  grouped accord ing  t o  l e v e 1 , o f  

d i f f i c u l t y  w i t h i n  each  of t h e  c a t e g o r i e s .  The t a s k s  were 

c l a s s i f  i ad  as easy ,  medium, and d i f f i c u l t .  As is shown i n  

Table 8, t h e  t o t a l  pe rcen t  corr=ctf_or t h e  e a s y  t a s k s  was 

a l a l y  b e t t e r  (87%) than  t h a t  f o r  medium f a s k s  ( 8 4 % ) .  - 

However, t h e r e  is a l a r g e  d rop  of 19% between t h e  pe rcen t  

c o r r e c t  of t-dium and d i f f i c u l t  t a s k s ,  i n d i c a t i n g  t h a t  

t h e  d i f f i c u l t  t a s k s  were r e l a t i v e l y  more cha l l eng ing .  With 

t h e  excep t ion  of t h e  easy and medium s c o r e s  a t  t h e  P 

Because t h e  l e v e l  of d i f f i c u l t y  of t h e  t a s k  was 
, 

determined by t h e  r e l a t i o n  of t h e  p ropor t ion  of t h e  POC on 

th8 \sp inner  t o  t h e  f r a c t i o n  l / Z ,  t h e  d i f f q r e n c e  between t h e  
- 

-> 
propor t ion  of t h e  POC on e a c h p p i n n e r  can be used as a 



Q 
measure of t h e  d i f f i c u l t y  of  t h e  t a s k .  One c a n  assume t h a t  

t h e  s m a l l e r  t h e  d i f f e r e n c e  between t h e  p r o p o r t i o n s  on t h e  

n b p i n n e r s ,  t h e  more d i f g i c u l t  t h c t a s k .  For example, on i t e m  

l i ~  ( a n  e a s y  t a s k  1, one qp i ' nner  had 6 b l u e  and 4 y e l l o w  

4 (0.60 b l u e ) ,  and t h e  o t h e r ,  2 b l u e  and 3 y e l l o w  (0 .40  b l u e ) ,  
I--- 

a d i f f e r e n c e  of  0.20; on i t e m  6D (a  d i f f i c u l t  t a s k ) ,  one 

s p i n n e r  had 2 b l u e  and 3 y e l l o w  (0 .40  b l u e ) ,  and  t h e  o t h e r ,  

2 b l u e  and 4 y e l l o w  (0 .33  b l u e ) ,  a d i f f e r e n c e  of  0.07. The 
L 

c o r r e l a t i o n  between t h e  p e r c e n t  of c o r r e c t  r e s p o n s e  on e a c h  

Item, and t h e  d i  f  f e r k n c e  between t h e  p r o p 6 r t i o n  of  t h e  POC 

on e a c h  s p i n n e r  w a s  c a l c u l a t e d  by means of  t h e  Pearson  
T 

, 
groduct-moment. The r e a u l t s  of t h e  P e a r s o n  product-moment 

4 - 
c a l c u l a t i o n s  showed 4; r e l a t i i o n s h i p  between t h e  p e r c e n t  of 

c o r r e c t  r e s p o n s e  and \he d i f f e r e n c e  bstween t h e  p r o p o r t i o n  -P 

' - 4  '\ 
of t h e  POC on e a c h  sp#,nner, r = 0.47, p< .01. 

-v 

The p e r c e n t  of  c o r r e c t  r e a p o n s e s  b y  g r a d e  f o r  t h e  e a s y ,  

medium, and d i f f i c u l t  c a t e g o r i e s  d o  n o t  d e m o n s t r a t e  a n y  
P 

t r e n d  from g r a d e  t o  g r a d e  ( T a b l e  8 ) .  However, when t h e  

g r a d e s  are grouped i n  p a i r s  (K-l;, 2-3; 4-5; 6-7) t h e  p e r c e n t  
a k.  

of c o r r e c t  r e s p o n s e s  a o n o t o m i c a l l y  \creases t h r o u g h  t h e  

g r a d e s  (see Tab le  9 1 .  
'..y 

The d i f f e r e n c e  betwee'n t h e  p e r c e n t  c o r r e c t  of t h e  

K i n d e r g a r t e n  grouR;i id =Brade Seven g roup  on t h e  e a s y  

\ 
t a s k 8  w a s  268, and on t h e  medium t a s k s )  t h e  d i f f e r e n c e  was 

, 24%. For t h e  d i f ~ i c & l t  t a s k s  t h e  d i f f e r e n c e  between t h e  
.5 

K i n d e r g a r t e n  and ~rhds Seven p e r c e n t  c o r r e c t  s c o r e s  was t h e  - 



Percent Correct Responae by Level of Difficulty 
andOrade * 

-\ Category 
'r 

--I 

~ a $ ~  Medium Difficult To ta 1 

Number of Tasks 

Grade 

Total - 87 84 6 5 '  77 
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TABLE 9 
Y .  

Percent of correct Response of Paired Grades 
by Level of Difficulty 

Category I 

Grade 9 9 13 3 1 - 
I 

6-7 

Total 

. 
Basy Hod i urn Difficult Total 
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- 
smllest a t  1 4 8 .  ~hua , :  t h e r e  w a s  less improvement b . t m e n  

/ groups  f o r  t h e  d i f f i c u l t  t a s k s  t h a n  f o r  e i t h e r  t h e  medium o r  

e a s y  . t a s k s .  The d e c r e a s i n g  d i f f e r e n c e  between the . 
K i n d e r g a r t e n  and  t h e  Grade Seven r e s u l t s  on t h e  t a n k s  is 

t? 

even  more s t r i k i n g  when t h e  g r a d e s  are grouped ( T m e  9 ) .  b 

The b i f f e r e n c e  between t h e  p e r c e n t  o f  c o r r e c t  r e s p o n s e s  on 

t h e  e a s y  t a s k s  f o r  &Sk-1 g r o u p  and 6-7 g roup  remains  t h e  

g r e a t e s t  a t  22%, t h e  d i f f e r e n c e  between t h e  g roups  on t h e  
- 

medium t a s k s  d e c r e a s e d  s l i g h t l y  t o  158, b u t  t h e  d i f f e r e n c e  

y between t h e  g r o u p s  on t h e  d i f f i c u l t  t a s k s  w a s  o n l y ' 4 8 .  

Grade R e s u l t s  f o r  I t ems  

The p e r c e n t  of c o r r e c t  r ebponse  w e r e  c a l c u l a t e d  f o r  

e a c h  i t e m  and t h e  r e s u l t s  a r b  shown i n  T a b l e  10. Item 2 9  

(Sb, 3 y p a .  2b, 4y, t h e  h i g h e s t  p e r c e n t  of c o r r e c t  
! . . 

rcspon$ ( ( 9 4 % ) .  T h i s  is n o t  s u r p r i s i n g  as t h e  POC w a s  
b 

g r e a t e r  on t h e  c o r r e c t  s p i n n e r  and t h e  NPOC wds lesser on 

t h e  c o r r e c t  s p i n n e r .  

It,ern 1 D B  '( 3b, 5 y S v s .  lb ,  2y) had t h e  smllesf p e r c e n t  

of c o r r e c t  r e s p o n s e  (158).  The r e a s o n  f o r  t h i s  is u n c l e a r .  I 

The i t e m  w i t h  n e x t  smallest p e r c e n t  of c o r r e c t  r e s p o n s e  w a s  

i t e m  5DB, where t h e  p e r c e n t  of  c o r r e c t  r e s p o n s e  w a s  4 2 8 j  

The d i f f e r e n c e  between t h e  ' p r o p o r t i o n  of t h e  POC of  t h e  
t 

s p i n n e r s  i n  I t e m  1 D B  w a s  small (0.05),  b u t  o t h e r  s p i n n e r  

sets had a smller d i f f e r e n c e  betwepn t h e  p r o p o r t i o n  of  t h e  
I 

POC and  a c h i e v e d  a h i g h e r  p e r c e n t  c o r r e c t  zesponse .  For 



TABLET 10 
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Frequency of Correct and Incorrect keuponss 
- 

and Percent Correct ~esponsa on Itemas 

L 
I tern Percent Correct 

SEA 
5BB , 
5n4+ ' 

'fiBB 
5DA 

f 5DB 
SDC 
5DD 
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example i t e m  l D D ,  had a d i f f e r e n c e  between t h e  p r o p o r t i o n  of 
f; 

t h e  POC on t h e  s p i n n e r s  of 0 . 0 3 , ' a n d  a petca 'nt  c o r r e c t  

r e s p o n s e  of 59%, and  i t e r  SDC, had a d i f f e r e n c e  between t h e  

p r o p o r t i o n  of  : the POC on t h e  s p i n n e r s  of 0.02, and h p e r c e n t  

c o r r e c t  r e s p o n s e  o f  568. A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  

c h o i c e  of  t h e  i n c o r r e c t  s p i n n e r  on I t e m  1DB is t h e  amount of 

area d e v o t e d  t o  t h e  NPOC on t h e  c o r r e c t  s p i n n e r .  The 

c o r r e c t  s p i n n e r  is much larger ( r a d i u s ;  9.8 c m )  , t h a n  t h e  

i n c o r r e c t  s p i n n e r  ( r a d i u s ;  6 . 1  cm) , ' and  v i t h  t h e  g r e a t e r  

number of NPOC, t h e r e  a p p e a r s  t o  be r e l a t i v e l y  more area 

d e v o t e d  t o  t h e  POC. 

I n d i v i d u a l .  R e s ~ o n s e a  

I n d i v i d u a l  r e s p o n s e s  t o  items i n  t h e  exper iment  were 

i n t e r p r e t e d  by examining t h e  aud io - t ape  t r a n s c r i p t i o n s .  The 
d 

i n d i v i d u a l  r e s p o n s e s  t o  e a c h  i ter '  were examined by g r a d e  i n  - 
order t o  d e t e c t  similar coanwnts.  D i s t i n c t  r e s p o n s e  

p a t t e r n s  w e r a i n d i c a t e d  and thegic were ' r ecorded  i n  t a b u l a r  . -  

form (see T a b l e s  11 t o  1 8 ) .  I n  t h i s  s t u d y ,  t h e  i n d i v i d u a l  

v e r b a l  r e s p o n s e s  seem t o  f a l l  i n t o  s i x  c a t e g o r i e s  .according 

t o  t h e  f e a t u r e  t h e  s u b j e c t  used t o  m k e  t h e  s p i n n e r  c h o k e .  

These were: 

1. R e l i a n c e  on t h e  POC, t h a t  is, t h e  a u b j e c t s  r e f e r r e d  

tLo some f e a t u r e  o f  t h e  POC ( b l u e )  as t h e  r e a s o n  f o r  t h e i r  
1 

select ion ,  f o r  example : 



- 
- 

Ap (Grade 21, o n , i t e m  7E, r epo r t ed :  * I t  had - ' 
more bluesi I j u e t  ace i f  there1% v e r y  many 
end i f  t h e r e  a r e n ' t  t hen  I go t h e  t h e  o t h e r  
s i d e  and look and i f  t h e r e ' s  more t h e n  I t a k e  
t h a t  

LE (Grade 6 ) ,  on i t e m  2t4, s t a t e d :  'This one - 
-- 

had more b lues .  I go f o r  t h e  one t h a t  has  
more b l u e s e m  

2. ~e1 ianc l s "on  t h e  NPOC, t h a t  is, t h e  s u b j e c t s  

re fe r%red  t o  son# featu-rp - of t h e  NPOC (ye l low)  aa t h e  reason  
,., -..> 

f o r  ' t h e i r  cho ice  of sp inne r ,  f o r  example: 
/ 

SO (Grade 11, on i t e m  2t4, f epo r t ed :  - 
*Because - t h i s  one has  less yel low t h a n  
t h i s  

K H  (Grade 6 ) ,  on i t e m  6D, s t a t e d :  Wrn-m ... T h i s  one has laore yel lows t h a n  t h i s  
one. This  one has  t h r e e  ye l low p i e c e s  
and t h a t  one has'  f ou r  ye l low p i e c e s .  

3 .  The phys i ca l  s e t u p  of t h e  sp in& board end 

sp inne r ,  t h a t  is, t h e  s u b j e c t s  r e f e r r e d  t o  t h e  arrangement 

of t h e  s e c t o r s  of t h e  s p i n n e r ,  f o r  e ~ a m ~ l e ,  i f  two b l u e s  

s i d e  by s i d g  o r ,  t h e  placement of  t h e  p o i n t e r  (which w a s  

s t a r t e d  i n  t h e  same l o c a t i o n  throughout  t h e  exper iment ) .  

AH (Grade I ) ,  on i t e m  6H, responded: W e l l ,  
because when you s t a r t e d  it, it was i n  
t h e  ye l low and l i k e  u s u a l l y  s p i n n e r s  go 
a l l  t h e  way around and it would corn  a l l  
t h e  way around again and I'i9 have a better 
chance of g e t t i n g  b lue  because t h e y ' r e  
r i g h t  t o g e t h e r e m  

J8 (Grade 5 ) ,  on i t e m  IDA, s t a t e d :  *These 
ones ate more s p r e a d  o u t  and t h e s e  ones  
a r e n ' t .  The b l u e s  are more sp read  o u t  
and t h e  yel lows are a l l  i n  one p l ace .  



'Cause i f  t h e  y e l l o w s  are c l o s e r  t o g e t h e r  
t h a n  you o n l y  have  a chance  on one a i d e  
w i t h  t h e  b l u e  and  i f  t h e y ' r e  a l k  s p r e a d  
o u t  t h e n  you have  a- better c h a n ~ e . ~  

4 .  The p h y s i c a l  size o r  area of t h e  s p i n n e r ,  t h a t  is, 

t h e  s t u d e n t  r e f e r r e d  t o  t h e  r e l a t i v e  a i z e  of one s p i n n e r  

co&rca  t o  t h e  o t h e r ,  f o r  example: 
$ 

DS (Grade 7 ) ,  on i t e m  33, s t a t e d :  Wit's 
s m a l l e f  (circle) and  it 's t h i c k e r .  Well, 
I d o n ' t  know i f  it 's much t h i c k e r ,  b u t  
i t 's  ~ m a l l e r . ~  

BN ( K i n d e r g a r t e n ) ,  on i t e m  IDA, responded:  
'Cause. T h i s  o n e ' s  small. T h i s  o n e ' s  

b i g g e r  t h a n  it. rn 

5. A compar ison of  t h e  POC and t h e  NPOC between 

s p i n n e r s ,  t h a t  is, t h e  s t u d e n t  made a p  o b s e r v a t i o n  a b o u t  t h e  , 
' *  

r e l a t i o n s h i p  o f  t h e  POC and  t h e  NPOC on one s p i n n e r  and 

compared t h i s  t o  t h e  o t h e r  s p i n n e r ,  f o r  example: 

S W  (Grade I ) ,  on i t e m  I D ,  r e p o r t e d :  "There 
were o n l y  three b l u e  a n d  two ye l lows  h e r e  
a n d  one h e r e  ( y e l l o w )  and one h e r e  (ye l low)/  
And t h a t  one had t h r e e  y e l l o w s  and t h r e e  
y e l l o w s  and  o n l y  two b l u e s . "  

a 
KD (Grade 3 ) ,  on i t e m  7E, s t a t e d :  " 'Cause 
it h a s  t h r e e  b l u e s  anti, ( p a u s e  - c o u n t i n g  
m e n t a l l y )  41 b l u e s  a c t u a l l y ,  and one y e l l o w  
and t h i s  h a s  t h r e e  b l u e s  and two y e l l o ~ . ~  y 

6. C o m e n t s  t h a t  were n o t  related t o  t h e  POC, t h e  
1 

NPOC, t h e  p h y s i c a l  s e t u p  o r  t h e  area of t h e  s p i n n e r ,  f o r  
L 

\ 

example : 

LE (Grade 71, on i t e m  5BC,.responded: 
a 'Cause I u s u a l l y  alwaya get b l u e  
on t h i s  s i d e ,  It 's my l u c k y  s i d e . *  



St3 (Kindergar ten) ,  on i t e m  IDA, s t a t e d :  
" 'Cause I l i k e  it. I l i k e  b i g  ones.u 

J B  (Grade l ) ,  on itea 58C, s t a t e d :  u I t  
would go on b lue .  (Experimenter:  Why?.,") 
'Cause I want one of t h o s e  t h i n g s  ( p o i n t s  
t o  hotdog on I n c e n t i v e  B ~ a r d ) . ~  -. 
T a b l e s f l l  t o  18 show t h e  r a h j e  , of r e sponses  f o r  each 

i t e m  a t  each grade  l e v e l .  I n  f o u i  o r  f i v e  i n s t a n c e s ,  a 

s u b j e c t  provided a response which combined t h e  e lements  of 

t h e  categor ies ;and i n  t h e s e  c a s e s  t h e  f i r s t  response  was 

The number of responses  a t  each grade  l e v e l  does  no t  

always equa l  t h e  number of s u b j e c t s  a t  t h a t  g rade  l e v e l  due 

t o  t h e  r e l u c t a n c e  of s u b j e c t s  t o  supp ly  a v e r b a l  response,  

gr t h e  f a i l u r e  of t h e  r e s e a r c h e r  t o  a s k  about  t h a t  item. 
P 

The r e l u c t a n c e  t o  respond t o  q u e s t i o n s  w a s  most conmon a t  

t h e  Kindergar ten l e v e l .  Although s u b j e c t s  a t  o t h e r  g rade  

l b v e l s  d i d  no t  always provide a v e r b a l  response,  t h e r e  would 

be a sh rug  of t h e  s h o u l d e r s  as i f  t o  say "1 d o n ' t  knoww. 

For s i x  of t h e  e i g h t  itelas, t h e  a b s o l u t e  number of t h e  

POC w a s  t h e  reason  most o f t e n  used by t h e  g r e a t e s t  

percentage of s u b j e c t s .  

On itea 8U,  t h e  v a s t  m a j o r i t y  of s u b j e c t s  made a 

conpar i son  b e t w e n  t h e  two s p i n n e r s  on t h e  s p i n n e r  board.  

I n  t h i s - i t e m  both  sides vere i d e n t i c a l  i n  s ize and number of 

a e c t o r s ,  and t h e  o n l y  d i f  f e r e n c i  between t h e  t a s k s  vas  t h e  

o r i e n t a t i o n  of each  s p i n n e r  on t h e  board.  



- -- 

On i tem 6H, t h e  a b s o l u t e  number of t h e  N ~ O C  &as used- 

most o f t e n  t o  de te rmine  t h e  choice .  Thi8 wa8 a n  a p p r o p r i a t e  

q t r a t e g y  because t h e  POC w a s  equa l  on bo th  s p i n n e r s ,  while 

t h e  NPOC w a s  g r e a t e r  on one s p i n n e r .  , 
A thorough review of t h e  ve rba l  responses  rexea led  t h a t  

o n l y  two s t u d e n t s  demonstrated a sound unders tanding  of t h e  

concept  of p r o b a b i l i t y .  These s t u d e n t s  showed evidence of 

c a l c u l a t i n g  propor t ion ,  as w e l l  an a n  underatanding ,of t h e  

" element of chance.  For example: 

J D  (Grade 61, on i t em 2 r  s t a t e d :  "This one ' s  
h a l f  and t h i s  one ' s  ova ha l f  s o  you have a 
b e t t e r  chance w i t h  t h e  ne over h a l f . n  

J D  (Grade 6 ) ,  on i t e m  5EC, responded: "One, 
two, t h r e e ,  ... twelve.  So you have twelve.  
Three o u t  of twelve.  One, two, three, 
fou r  and two o u t  of e i g h t .  So t h e y  both 
equa l  one-quar ter ,  s o  it d o e s n ' t  r e a l l y  
ma t t e r  which one you d e c i d e  t o  pick 
s o  I ' l l  pick t h e  one wi th  less yel lows." '  

CB (Grade 7 ) ,  on i t e m  3E, s t a t e d :  "Two 
-fPQths  and ope q u a r t e r  and have t h e  
same denominator. Change them t o  
t w e n t i e t h s  and t h i s  (po in t ed  t o  t h e  
qpinner  w i th  two b lue  and t h r e e  ye l low)  
v i l l  have laore twen t i e th s . "  

CB (Grade 7 ) ,  on i t e m  2U, conmentad: 
"This one w a s  seven- four teen ths  and t h i a  
one w a s  t en - fou r t een ths  (and s o )  t h i s  
one had a h igher  chatice of g e t t i n g  it.n 

. A f t e r  choosing many item by c o r r e c t l y  computing t h e  
- 

propor t ion  of t h e  b l u e  and yel low s e c t o r s  on each sp inne r  

and no t  expe r i enc ing  s u c c e s s  a t  g e t t i n g  t h e  POC, s t u d e n t  CB -- 

(Grade 7 )  decided,  W o s t  of t h e  ones I have been c a l c u l a t i n g  

have been wrong s o  t h a t ' s  why I picked t h i a  onew (1HA). I n  -- 



t h i s  i n s t a n c e n t h e  s t u d e n t  purpose ly  chose t h e  wrong apinner 
C 

i n  t h e  hope of a *chancen s u c c e s s .  
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Categorization of Individual Tasks 

A - ~elianca on the POC 
B - Relrance-on the NPOC 
C - Bhysicsk setup of the apinn 

spinner 
D - Physical size or area of th; spinner 

. $ - A comparison of the POC and the NPOC 
F - Comments that were not related to .. POC, the NPOC, the physical setup, 

the area of the spinner p' 
- i - 

I 

, TABLE >"a 
~ategorizatiop'ofh 

Total 16' 5 2 5 6 6 4 0  
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. TABLE 12 

\ 

C a t e g o r i z h t i o n  of Item 2 H  

A B C D E F T o t a l  

K a 2 

1 '2 

2 2 

3 3 

" 4 

5 2 

6 2 

7 a 1 

T o t a l  1 4  

- TABLE 1 3  
C a t e g o r i z a t i o n  of I tern 3E 

A $ C D E F T o t a l  

T o t a l  
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TABLE 14 
Categorization for Item 4D ' 

A B C D E F Total 
t 

3 4 

4 1 

5 1 

6 ' 2 

7 4 

Total 23 ' 
- 

-? 

TAELE 15 -- 

- .  Categorization of ~ t b m  SEC 
, 

/' 

# L 

A B C D E a F Total 



TABLE 16 
Categorization of 6D . 

A B ' C  D D F Total - - 

4 2 2 4 .  

5 1 .  2 3 6 , 

6 1 3 1 1 5 \ , c  

7 2 1 2 5 

Total 4 13 6 4 4 8 39 

TABLE 17 
Categorization of Item TE 

W A  B c ;  D E F Total 

3 2 

4 
0 

5 .  1 

6 1 

7 1 

Total 13 



TABLE 18 
Categorization of Item 811 

A B C D E P Total 4 

.. 

1 5 3 21 9 4 2  B ' 

*- L Total 3 

t 
a 

C 



j t m n a  w i t h  S ~ i n m m  of Buual Pro~ortion 

I n  o r d e r  t o  i n v e s t i g a t e  s t u d e n t  strategies bor  c h o o s i n g  

one s p i n n e r  over  t h e  o t h e r  when t h e  s p i n n e r s  ware o f  e q u a l  

p r o p o r t i o n ,  f i v e  t a s k s  were d e s i g n e d .  These were IBC, 5EC, 

8P, 8U, and 8D. Tablg  1 9  h o w  t h e  f r e q u e n c y  o f  s t u d e n t s  i n  ;a e, 

e a c h  g r a d e  who chose  t h e  l e f t  hand s i d e  o r  t h e  r i g h t  hand 
li* 

s i b  f o r  e a c h  c a t e g o r y  w i t h  s p i n n e r s  of  e q u a l  

Ths, r e s p o n s e s  were c a t e g ~ r ~ z e d  a c c o r d i n g  t o  t h e  l e f t  Rand or \ 
r i g h t  hand of t h e  experimsn-ter .  

, 
For  i t e m s  8E, 8H, and 8D; t h e  s u b j e c t s  wsre 'shown 

s p i n n e r  sets which were i d e n t i c a l  i n  qize, a n d  i n  which t h e  - 
number of p e c t o r s  d e v o t e d  t o  t h e  POC and t h e  NPOC e a c h  -re 

e q u a l .  The o n l y  d i f f e r e n c e  between t h e  s p i n n e r s  was t h e  

o r i e n t a t i o n  of  t h e  s e c t o r s .  On a l l  t h r e e  t a s k s ,  t h e  

w j o r i t y  of  s t u d e n t s  ;hose t h e  r i g h t  hand s i d e  o v e r  t h e  l e f t  
f 

hand s i d e .  The i n d i v i d u q l  . r e s p o n s e s  f b r  i t e m  8W i&icate 
* I 

t h a t  h a l f  of t h e  g i v e n  r e s p o n s e s  made a compar ison b e t w e n  

t h e  two a p i n n e r s  i n  t h e  se t  (see Tab le  1 9 ) .  Host  s t u d e n t s  

d i d  acknowledge t h a t  t h e  s p i n n e r s  were t h e  same -but  t h e  
h 

I reamons f o r  c h o o s i n g  one s p i n n e r  o v e r  t h e  o t h e r  were v a r i e d .  

: For example, s t u d e n t  80 ( K i n d e r g a r t e n )  s t a t e d :  w I  c o u l d  g e t  

i b l u e .  I t h o u g h t  it h u l d  come on t h a t  one.  ( ~ x ~ e r i m e n t e r h  
, * 

1 ' C a u ~ e . ~  S t u d  CW (Grade 1) responded:  'Cause 

t h a t  one wau n i c e  and  a t  and  t h a t  one was c rookeda  

( r e f e r r i n g  t o  t h e  o r i e n t a t i o  t h e  s e c t o r s ) .  Skudent  JS 

(Grade 5 )  s t a t e d :  Well, they '+  b o t h  t h e  mar. I j u s t  



TABElP 19 

Frequency of  Response and Percent o f  Rasponas ' 

on I t e m  o f  Equal Proportion 

d ! 
Oracle 

Y 

Iterq * & K  1 2 3 . 4  5 6 7 Total- 

1m 

Rightb 
'i 

Lef t  

5EC 

Right 

L e f t  

8E 

Right 

Le f t  

8H : 

Right 

L e f t  

8D 

Right 

L e f t  

*Numburs i n  parentheses indicate  the percent 
o f  responses  f o r  t h a t  c h o i c e .  

/ 
P 

-Refers t o  the  r i g h t  hand s i d e  of  the  d / 

experimenter - s u b j e c t ' s  l e f t .  G 



w n t  f o r  t h i s  one because i t e m  my r i g h t  arm." LB (Grade 6 )  

s t a t e d :  @Theyvre  both  t h e  same. But whenever I 'spun t h i s  

one I g o t  b lue  and whenever I spun t h a t  I g o t  yellow, so I 

spun t h i s  one." 

I t e m  1UC had t h e  same p ropor t ion  of POC and UPOC, b u t  

t h e  nurbsr  of s e c t o r s  on each sp inne r  v a r i e d  ( e x p e r i m e n t e r v s  
Q 

l e f t :  4 b lue ,  2 yellow; expe r imen te rgs  r i g h t :  6 blue ,  3 

ye l low) .  The t o t a l  .size of t h e  sp inne r  a l s o  v a r i e d  t o  

correspond t o  t h e  ' t o t a l  number of s e c t o r s .  For t h i s  i t e m  

t h e  POC w a s  g r e a t e r  t h a n  t h e  NPOC on bo th  s p i n n e r s  and t h e  

m a j o r i t y  of s t u d e n t s  choae t h e  s i d e  w i th  t h e  g r e a t e r  number 

of POC. I n d i v i d u a l  ~o-n&/~vs;e no t '  a v a i l a b l e  f o r  t h i s  

i t e m .  

I n  i t e m  SBC, f o r  each  s p i n n e r  t h e  POC was  less than  t h e  

NPOC, and t h e  number of s e c t o r s  v a r i e d  ( e x p e r i l r e n t e r e s  

r i g h t :  3 blue ,  9 yellow; a x p e r i m n t e r e s  l e f t :  2 b lue ,  6  
I .  

ye l low) .  The r m j o r i t y  af s t u d e n t s  (56%) chose t h e  sp inne r  

on t h e  e x p e r i k t e r v s  r i g h t  hand s i d e  of t h e  s p i n n e r  b b r d .  
v 

/ The d i n  reason  g iven  f o r  t h e  cho ice  w a s  t h e  g r e a t e r  number 
I 

&f POC ( b l u e )  s e c t o r s  on t h e  garger  s p i n n e r .  For example, 

s t u d a n t  KO (Grade 31 ,  stated: " I t ' s  more b igger  and it has  

t h r e e  b l u e s  and t h i s  o n l y  has  two and i t 's smaller t h a n  t h i s  
r 

one." S tudent  PH (Grade 7 ) ,  responded: a @Cause t h e r e v s  
3 

' t h r e e  b l u e s  and I thgught  t h a t  they 'd  have more chance t h a n  

t r y i n g  t o  land on j u s t  two." Two s t u d e n t s  recognleed t h a t  

9 t h e  p ropor t ions  -re t h e  same on bo th  s p i n n e r s .  For 



- - 

example, student CB (Grade 7 )  responded: mThey're the same L 

- (emvie, kenie, points with,finger). They're exactly the 

same so it doesn't matter.a 

ndur Differences 

For the i t e m  where a correct or incorrect answer was 

possible (31 item), there was no significant dif ferenca 

between the .cores oi pales and females, F(1,14) = 0.64. 



* DISCUSBIOI( 

The purpome of this research was to invbstigate the 

level of probabilistic und*rstandLg at the various levels 
\ 

in the clerasntary school in order to: 1) establish a 

general age range (grade levell at which children have en 

understanding of the concepts of probability; 2) outline end 

discuss any recurring strategies which the subjects have 

u8ad to help solve probability problerrs; and 3) suggest a 

grade level at which probability concepts and activi5iea 

could be introduced in the ssathematics curriculum. 

A total of 48 students from Kindergarten to Grade Seven 

in a Delta public school participated in the study. 

Individual sessions of approximtely 30 minutes, 

involving 36 tasks, ware conducted with each subject. For 

each taak the subject was presented with a pair of spinners 

of specific probabilities and asked to choose the one W e r e  



J 

i t h e  pay-off c o l o u r  (POC) would come up  when ( theppoint i i r  - 8  

spun.  The c h o i c e  -of t h e  s u b j e c t  and t h e  o u t c a  of t h e  t a s k  
9 

were r e c o r d e d  by . t h e  e x p e r i m e n t e r .   or c e r t a i n  p r e s e l e c t e d  

t a s k s  a d d i t i o n a l  i n f o r m t i o n  r e g a r d i n g  t h e  s u b j e c t ' s  ' choice  

was s o l i c i t e d  by  a s k i n g  f o r  t h e  r e a s o n s  behind ' t h e  
' a 

s e l e c t i o n .  + 

The s e s s i o n  s c o r e s  were t a b u l a t e d ,  ahd t h e  p e r c e n t  o f  
6 f 

c o r r e c t  r e s p o n s e  f o r  e a c h - i t e m  a t  e a c h  grade l e v e l  waa 3 0 

t a b u l a t e d .  TI% p e r c e n t  o f - - c o r r e c t  r e s p o n s e  f o r  e a c h  l e v e l  

of d i f f i c u l t y  

/" 

gtza tecry  

Although 

above ~h:l)@$, 

t h a t  spec ' t f  c 

r 

i 

( e a s y ,  m d i u a ,  d i f f i c u l t  1 w a s  a l s o  d e t e r m i n e d .  

' "4 
most of  t h e  p e r c e n t  

t h e  v e r b a l  r e s p o n s e  

c o r r e c t  r e s p o n s e s  were 

t o  q u e s t i o n i n g  i n d i c a t e d  

f e a t u r e s  o f  t h e  s p i n n e r  s e r v e d  as i n d i c a t o r s  

of  s u c c e s s  f o r  t h e  a t u d e n  T r a t h e r  t h a n  a c a l c u l a t i d n  of 
't r a t i o .  F i v e  s p e c i f i c  strategies were used  by t h e  s u b j e c t s :  

1) r C l i a n c e  on t h e  pay-off  cokour;  2 )  r e l i a n c e  on t h e  

nonpay-off c o l o u r ;  3 )  t h e  p h p i c b l  s e t u p  of  t h e  s p i n n e r  
r.ts9i4amu- 

board  and t h e  p o i n t e r ;  $) t h e  p h y s i c a l  s i z e  o r  area of ' the 
I 

s p i n n e r ;  5 )  co.par ison(between t h e  pay-off c o l o u r  and  t h e  

nonpay-of f  

and Lev in  

I 

c o l o u r .  1 l i4 l . r  t o  t h e  r .sul ts  of  Calk,  I.lk8 
/ 

(1980), laeny'of  t h e  c h i l d r e n  i n  K i n d e r g a r t e n  and 



. C B 
a ~ a d e  One stated the placement of the pointer, or their 

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

my-off colour. These students tended to concentrate on'one 

aspect of the task. Older students ften made comparisons 8 
between the elements of the task. They considered both the 

@ 

POC and the NPOC, but they looked at the relative nulaber of 

elemants of each colour, not the proportion. There w r e  

o students who calculated the proport on of the 

of, the two colours. 
k 

and Levin (1980) found that a few subjects 

of the POC and the NPOC by using a 
B 

strategy which involved the computation of difference 

between the numbers of elements of the two colours rather 

than their ratio. Although this study was designed to 

a c c o m a t e  the difference strategy, no students 

de nstra d that technique to select a spinner. T- te 

Falk, Palk, and Levin (1980) found that understanding 

ratio and proportion is presupposed by the principle of 
4 

conservation. This m a n s  that the h, and nuaber of 
objects within the set can be,djfferent, but the proportion 

4 

can remain unchanged. The understanding of conservation vas 

investigated through pairs of spinners with equal 
& 

proportions. 
I 

h * 
In the itemu where the upinners were identical, s o u  



-- ----- 
students at each grade recognized that they were both the 

same. However, when the spinners had the sarrcr proportion, .. 

but were different in number of POC and NPOC, many atubants 

did not recognize that the itens had the same probability. 

An 'understanding of the conservation of size, and nurbar in 

probability activities was not evident in laout students. . 

Falk et al. (1980) state that there is a potential 

for disc~imi'nating between probabilities at about the 

beginning of Grade One. Although the results from this 

study show do specific grade level emerging as the 

clef initive point for beginning the instruction of 

probability concepts, the results indicate that Grade One 

students did perform at an above chance level (74%)-on 31 

items, although their ability to verbalize the reason for 

their choice of spinnsr was limited. The upper threshold 

for percent cogzect by chance is about 57% ( n  of item - t 
* 

31, n of subjects = 6 , 0 ( =  0.05). 

Falk et al. suggest that practice playing probability 

games an'd *acquiring experience with the operation of random 
" 

processes may promote the existing potentiala (p. 199). 

They also suggest that exposure,to probability activities 

will enhance the ability of children to articulate the 

explanation of thekr choiceq. I 

The results of this st y supDort the conclumion of t 



- . - 
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Walk et al. that Orade 1 would be an appropriate level-to--- 

begin intrgducincf probability tasks through g a r s  and group 

activities . 

This study was limited to one large elementary school 

(about 650 students) in a middle-class neighbourhood. The 

result8 of this study cannot be applied without 
2 

consideration of this variable. The results could vary 
.. 

according to socio-economic status and school size. 

During the aampling procedure, eight students from the 

initial random selection decided not to participate*. The 

reasons for not participating were varied. Two specific 

reasons indicated were: 1) the student's lack of ability in 

mmthewaticsj and 2 )  the concegn that probability tasks 

*courage garb1 ing . 
\ /' 

Twb main problem occurred during the d o l l c c t i o n .  

The recording of individual verbal response was to be 

ongoing throughout the experiment, with the experimenter . 
i 

asking questions about each item. However, af$er completing 

a couple of sessions it was evident that the sessions-were 
a 1 

exceeding the t i m  constraint and specific questioning had 

to be limited to, specific tank8. The selected tanks were , 
t 

marked, but one task ( 3 B )  wan inadvertently left out. This 

,- -8 not noticed until the fizat day of the study wan 



/-- - 
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response data for task 3E at the grade seven and the gr dm t 
four level. Second, one tape was .unknowingly recorded bver, 

eliminating the verbal response of oqe kindergarten uydject. \ 
w * ?  I 

f 

I i 

Quqqestiona for Further Study L Ld i::w5F ,- ' . Four specific areas which-could be add 
It 

studies are: 1) the physical set up of the spinner board, 

specifically the arrangement of the colour sectors; 2) the \ 
level of probabilistic underatanding of students over, the 

- -- 

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

the strategies used with spinners of equal I proportion, but 

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

verbal responses, 
-.2 

In this study each individual spinner was composed of 
'L 

equal size sectora. The sectors were outlined so the 

subject could clearly see how ma y sectors were coloured L 

hJue and how m n y  were coloured ye1 
- z L T h e  arran;e-nt of 

the colours for each spinner as no d  controlled. When it 
9 1 3 

was possible the coloura were Hornver, 

a number of subjecta used the uectors as 

a reason for their choice These aubjects chose '\ 
where the sectors that were coloured the s a m  

I " 

together. It would be interesting to 

\ grouping the sam-coloured sectors together would change the - -- 

/' I- - 

/ results of the d u  y. a 
udents in this study were 13 p a r s  old, in . . 

d \ 



Grade 7 .  t h e m  &as no i n d i c a t i o n  of a n  a g e  range ,  o r  grade  ,' 
\ . F 

%). , . level whete p robab i  li'st ic  u n d k s t a n d i n g  was e v i d e n t .  
/ , . A 

I. t h e r  s t u d y  w i t h  older c h i l d r e n  who have n q t  &en expo.Gd r 

%i / - .  
P- 

t o  p r o b a b i l i t y  i n s t r u c t i o n  would p r o v i d e  a d d i t i o h a l  data t o  . 
, - 

i s o l . a t e  Fn a g e  range  where a n  u n d e r s t a n d i n g  6 f  p r o b a b i l i t y  . --. 1 

is e v i d e n t  i n  t h e  xm jority. o f  s t u d e n t s .  A1te~:mte ' 

strategies, s u c h  as th@, .wdif&erence  methodm noted  by Palk ,  
I 

I 

Palk ,  and L e v k  might  alk be i h v e s t i g a t e d .  ' n 

rr * 
I 

I n  t h i s  s t u d y ,  two items had s p i n n e r s  w i t h  a n  e q u a l  

p r o p o r t i o n  of  POC and NPOC which were =epresenbe& by a -  

d & t f ~ e r e n t ' n u i b e q  s e c t o r s .  Host of t h e  s t u d e n t s  @id  n o t  

f a c o g n i z e a t h a t  t h e  p r o b a b i l i t y  o f . ~ a c h i e v i n g  t h e  p o d - o n  each  

% s p i n n e r  i n  t h e  i t e m  w a s  e q u a l .  An e v a l u a t i o n  of  t h e '  
't - 

s t r a t e g i e s . , u s e d  by i n d i v i d u a l  s t u d e n t s  d p  t h e  Ite- w i t h  

s p i n n e r s  6 f  e q u a l  propor t io ,n  compared t o  t h o a e  s p i n n e r s  w i t h  

unequal  p f o p o r t  i o n s  was -riot. p o s s i b l e  as i n d i v i  dua.1 v e r b a l  

r e s p o n s e s  were n o t  a v a i l a b l e  f o f  a l l  items. ~ a l k ,  Falk ,  and , 

..? Levin  (1980) w . $ . . t h a t  a c h i l d  who s e e k s  t h e  se t  
1, \ C 

b 
w i t h  more,POC e l e m e n t s  w;uld select t h e  expanded f r a c t i o n ,  - , 

1 whereas  a c h i l d  who p r e f e r s  t h e  set w i t h  few NPOC e l e m n t s  
. I  

w u l d  select ' t h e  reduced  f r a c t i o n m  ( p .  1 9 7 ) .  
0- 

* 

S t u d e n t s t w e r e  a&ed t o  -explain t h e i r  r e a s o n s  f o r  ' 
-7 

s e l e c t i n g  k r t i c u l a r  - n p i n n e r s  i n  s e v e r a l  it& i n  o r d e r  f o r  

t h e  e x p e r i m e n t e r  ' t o  unde F n d  t h e  s t u d e n t ' s  p e r h e p t i o n  of-- 

t h e  t a s k .  The r e y l t s  show a d i s p a r i t y  between t h e  v e r b a l  .. 
, 
e x p l a n a t i o n  and t h e  a c h i e v e r s n t  on i n d i v i d u a l '  items. Verbal 

i 



t h e  s t u d e n t s  perf orme& above chance  level .<on a l l  t a s k s ,  b u t  * 

- i - 1  

o f t e n  t h e  e x p l a n a t i o n  f o r  t h e  c h o i c e  o f  s p i n n e r  w a s  u n c l e a r .  

Without  i n d i v i d u a l  ,ve rba l  responses , '  it is p o s s i b l e  , f o r  t h e  
'% 

d a t a  t o  m i s r e p r e s e n t  t h e  l e v e l  of u n d e r s t a n d i n g  o f  t h e  t a b k  

* t h e  s t u d e n t s .  A more d e t a i l e d  d i s c u s s i o n  w i t h  t h e  

a t u d s n t s  on e a c h  of t h e  t a s k s  c o u l d  p r o v i d e  h better 
Y 
d 

t inders tanding of  t h e  r e a s o n  f i r  t h e  s h i f t s  i n  strategy. 

Fa lk  a t  a l ,  (1980)  ' s u g g e s t  t h a t  thee  i h d i v i d u a l  v e r b a l  

r e s p o n s e s  must be s e c o n d a r y . t o  t h e  performance  on item - .  
because  t h e  l a c k  of t h e  a b i l i t y  t o  c l e h r l y  a r t i c u l a t e  a 

7 
r e a s o n  f o r  a c h o i c e  d o e s  not 'mean t W c t  d o e s  n o t  

unders tand  t h e  t a s k .    ow ever, it remains  t h a t  t h e  v e r b a l  

r e s p o n s e s  d o  i n d i c a t e  t h e  b tudant*-  yho u s e  i r r ; l e v a n t  
P- t 

 principle^, buyh as b o i n t e r  $lacement,  as t h e  r'eaaon f o r  

t h e i r  

A 

r a 

select i o n .  . 
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hrr ~ C i t s ,  

L d  1 am abut  to bagin a m . ~ ~ j r t  a t  C r y  t l a k r y  kboo 
l e t w r  I s  to ask you to give ~ m i s s l o n  forlyour child to 

th ls  ject. Tbe p r o j u t  has ken rgpmv&d by the Delta 
( ~ X b n d  w W. ~ r c h t b ~ d ,  hr school priiulpl. ~t b s  

e m C n d  and approved-by Slam trrser's 4Jniwnl ty's. 
P . . 

Cml t te8  on Ethics. I 

The p u b s &  o f ' th i r  project 1; to turn about Uu darrlopcnt of 
probbi l  l t y  eonaptr: i n  8 l q t r r y  rcRPol childran. Prabrbil i ty c o ~ e p t s  
w i t 1  k Included of a t L l w 1 r  d t)ts w i s e d  hthBstJcr  wq icu l r r .  fbb 
ntwrcb d l 1  explore di ldrga's acquisition of  thls corrupt. kch  pupil 
participating i a  thls mearch w i l t  k excused fm class for about 10 minutes. 

- . 
' l w i l l k * o r t l n g l a d i r Z d w l l y d ~ e a c h p u p i l . ~ ~ p u p i 1 r S l l k s h a r n t w  

spi#wn (slmihr -to thoa used i n  board gmes). The stuU8nt d l 1  k asked to  
golnt to Uu splnnr drlch hrs tlw best W e  of 9104UC1ng tha '@ay-off wlwr'. 
t h r r p I n r w r v f l l O w n k s p u n a d t J w  l t s d l l k n e o r d r d .  A u r l r s & f  "z-8 w i l l  be i.ig1aUd. , tr4als imolviag d f f f m n t  prim of spl 

I -  

Partlc1prtion"in thls p r o j u t  d 1 Raw m bearing on ywr chtld's regular s 1 c l a s s w ~  or grr+i, Your chi ld can itMrm h i t h e r  putlci-n. p w t t a l l y  I . 
or fully, at  any tlr. Tho cbnfidentiallty o f  response of individual students 

L 

d l 1  k strict,ly ouintrltW. . . * 
- _ Plersr f i l l  tho bl4rrL8 bit# &nd H' p u t  cblld mtum this le t te r  to the 

c l a s s r o ~  ~ c k r  nrrto~rro.. i t  4 1 0  lib -9 tn fomt ion about this 
+ . project, plarse .r at Cry E l a n t r y  k f o n  9 ro or after 3 p. , 

I 

1 

d h  yw w r y  mch for &r LW considerrtion. 
\" 

. ._ 
Toun sincerely, 

, 

Dr. '1. O'StHr 

- - 

~ l ~ n a t u & ~ ~ f  Parent o r  Gwqllrn 7 . i, 
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I Column . Variable Code 

L 
3 " Gender + l0arale. .. .$ 

+ . -2 = f emnal'k--: - - 
9. 

.( 4 Grade 0 = kindergartqb 

- - 1 t o  7 = grades 1 to 7,  

+ - A  Age (months ) ' 

4 8, 9 0 = incorretzt choice 
e L 1 = cbrreck choice * 

s 

i 
ll. to 16 

-1EC 2, = left-hand side , 

3 = ,right-hand side 
i 

lHA,  l H 8 ,  I D A  0 = incorrect choice 
' I b B ,  lDC,  1DD 1 = correct choice 

2E, ^ 2H8 ' 2D 0 = incorrect choice 
I'"? correct choice ' 

3E, 3t4, 3D1 0 = 'incorrect choice 
1 = correct choice 

4 8 ,  4H, 4D o = incorrect chpice 
- 1. = correct choice 

SEA, 5BB , 0 = Iqcorrect,choice 
\ 1 = correct .choice' 

I ' - 
2 * left-hand side dX 

3_ = right-hand side 
s . 29 to 34 5 U A 8 - 5 M 8 ,  5HA 0 = in=orrect choice 

3 A 

i - SHB, SHC,. 5HD . , 1 = correct' choice , 

35 to 3 7  6 E ,  6H, 6D 0 = incor'rect choice 
1 1 = .correct choice 

38 to 40 - 7E,  7H8 7D 0 = incarrect choice , 
b * .' < 

1 = ,co'rrect choice 

41 to 43 8E, 8U, 8D ' ) 2,= left-hand si&e' v 

3 = right-hand side - 
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