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ABSTRACT

PROBABILITY: SEX AND GKADE LEVEL DIFFRKRENCES AND
THE BFFECT OF INSTRUCTION ON THE PERFOkMANCE
AND ATITITUDES OF MIDDLE SCHOOL
BOYS AND GIRLS

By

Zacchaeus Kunle Uguntebi

Purpose

This study had tour related purposes. The first
purpose was to determine existing ditferences in probability
knowledge and in attitudes toward mathematics of grades six
through eight students by sex and grade prior to probability
intervention. The other purposes were to analyze the
eftects ot instruction on probability skill development, on
attitudes toward mathematics, and toward probability, by sex

and grade.

Methodology

The probability intervention and data collection took
Place during Fall 1982 and Wwinter 1983. About 1460 sixth
through eighth graders, trom three sites (urban, suburban
and rural) in and around Lansing and Pontiac, Michigan,

participated in the entire study.
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The instruwents used included the lMathematics Attitude
Scale (MAS), Probability Attitude Scale (PAS) and a
Probability Test (YT). MAS and PT were pre and posttest
measures while PAS was posttest only. PT was a 25-item test
while MAS and PAS were similar six-item bipolar semantic
differentials, with high Cronmbach o reliability
coefticients. The probability instruction material
contained ten sequenced activities requiring about three
weeks to cover. 7The statistical analyses included
multivariate and univariate analyéis ot variance and

repeated measures.

IFiajor Results

Prior to instruction, there were (1) no sex or site
ditterences in attitudes toward mathematics, but boys
outperformed girls in probability performance. (2) grade
ditrerences in probability pertormance (increasing with age)
and in mathematics attitudes (decreasing with age), with
slight variations.

After instruction: (1) In all grade levels and sites,
boys and girls benefited significantly from the interven-
tion. (2) While seventh graders topped the grades, there
were no site or sex differences in probability knowledge
gains, (in spite of boys' slight superiority in both pretest
and posttest scores). In the suburban site, girls slightly

but consistently outgained boys. (3) Attitudes to
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mathematics declined slightly over the period but these were
not meaningfully signiticant. (4) There were no site, sex,
or grade difterences in attitude change toward mathematics.
(5) Boys and girls did not disagree in attitudes toward
probability and mathematics. (6) Seventh graders had more

tavorable attitudes to probability than the other grades.
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CHAPTER 1

THE PROBLEM

Introduction and Rationale

Probability has enormous importance in modern society.
In a world of uncertainty, we must make choices, take
chances and live by the consequences of our judgments.
Probabilistic thinking is frequently involved, directly or
indirectly, when choosing between alternative courses of
action. lMany and aiverse daily actiQities and realities
depend heavily on probabilistic thinking. Decision making
in scientific and eaucational research, weather forecasts,
military operations, business predictions, insurance
calculations, design and quality control of consumer
products, genetics, politics, computer technology and social
science, are a few areas of application of aspects ot
probability.

Many researchers, scholars and organizations have
emphasized the importance of probability and statistics.
Shulte (1981) points out that statistics and probability

provide methods for dealing with uncertainty and are
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inherently interesting, exciting and motivating topics tor
students. The National Council tor leachers ot lMathematics
(NCTM) has long recognized the importance of statistics and
probability in school mathematics. In "An Agenda tor
Action: Recommendations for School Mathematics ot the
1980's," developed by the NCTM, probability and statistics
were emphasized as topics deserving attention in school
mathematics (1980). Over eighty percent ot the scientitic
(mathematics) community surveyed by the NCIM in a
"Priorities in School lMathematics" (PRISM) project (1981,
11-12) strongly support the inclusion of statistics and
probability topics in school mathematics tor all secondary
school students.

In writing the preface ot the 1981 Yearbook ot the
National Council of 1leachers of mathematics (NCTM), the
editor, Shulte (1981) observes that the 1951 Yearbook theme
of statistics and probability was selected cognizant of the
importance ana appropriateness or probapility and statistics
in the school mathematics curriculum. Shulte (1981, ix)
asserts:

All major curriculum groups in this century --

including the NCIM in its recommendations for the

curriculum of the 1980's -- have stressed the
importance of statistics and probability... We

hope the material in this yearbook will capture

your interest and give you a springboard tor

beginning the teaching of statistics and

probability.

In an overview and analysis of school mathematics in the

secondary school, the Conference board of the Mathematical

Sciences - National Advisory Committee on Mathematical
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Education (NACOME) submits that probability and statistics
are "inaispensable for the solution of policy questions" and
other facets of lite. The NACOME report laments the little
understanding and interest that teachers in general show in
probability and statistics, as revealed in an NCTM
exploratory survey. Shulte (1981) also comments on the
relatively little instructional time that teachers and most
school systems give to these topics. Both Shulte (1981) and
NACOME (1975) advocate the provision ot curriculum materials
tor teachers in order to encourage teachers to teach
probability and statistics.* Even though the NCTM considers
these.topics important in upper elementary grades and junior
high school (NCTM, 1983), not a single topic in the NCTM
(1982) Yearbook titled "Mathematics for the Middle Grades
(5-9)", is devoted to statistics and probability.

Other writers or groups who stress the importance of
probability include Shaughnessy (1976), wilks (1958), the
Cambridge Conterence on School Mathematics - Goals for
School Mathematics (1963), Johnson (1980), Kass (1964), Lee
and Hoban (1975), White (1930) and Huff (1954). Hutff and
Geis (1959) powerfully sum up the importance ot probability
this way:

Probability theory is the underpinning of the

modern world. Current research in both the

physical and social sciences cannot be understood

without it. Today's politics, tomorrow's weather,
and next weeks' satellite all depend on it.

~ * The present study includes an evaluation of one such
set of curriculum materials. This material was developed by
the Middle Grade Mathematics Project (MGMP) and will be
described in detail later in the study.
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If probability is so important and useful in our modern
society, it is worth treating as such in the school
mathematics curriculum.

The literature, however, shows that schools and
teachers for the most part do not teach probability.

Causes include the teachers' lack of knowledge in the
subject and the nonavailability of well organized materials
to help teachers manage the teaching ot the subject.

The objective of this study is to consider questions
that will have implications on teaching probability at the
middle grades level. For example, what is the level ot
understanding of middle grade students in probablility prior
to any curriculum intervention? A similar question has been
investigated by a number of researchers. Among them are
Jones (1974), Leake, Jr. (1965), boherty (1965) and Mcleod
(1971), who conducted their studies respectively on grade
levels (1-3), (7-9), (4-6), and on selected elementary
graades. These researchers conclude that elementary and
junior high school boys and girls in general possess
considerable knowledge of some probability concepts prior to
formal instruction. In particular, Jones reports that
grades one through three pupils already have some concept of
outcomes of a sample space. Doherty concludes that by
grades tour through six, children have already acquired some
familiarity with the probabilities of a sample space, sample
events and the union of two or more mutually exclusive

events. Leake concludes that in grades seven through nine,
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students already possess considerable knowledge of the same
probability concepts.

Of interest also are the questions of sex difterences
in probabilistic thinking prior to any instruction, and how
these sex ditterences change with grade level, In other
words, do boys and girls develop probabilistic concepts
ditferently or equally without any systematic probability
curriculum?

The Comprehensive School Mathematics Froject (CSMP) has
developed a curriculum which introduces considerable
probability in grades 1-6. Evidence obtained during the
national evaluation of this project indicates that sex
differences which seemed apparent prior to instruction
vanished as a result ot instruction.

The issue of sex ditferences in mathematics, ot which
probability is a part, is widely addressed in the litera-
ture. However, there seems to be little consensus on sex
ditferences in mathematics in research studies. Investiga-
tions and findings including those of Benbow and Stanley
(1980) tend to conclude that boys naturally have a higher
mathematical ability than girls. Wilson (1972), Flanagan et
al. (1964) and others claim evidence to support this
position. On the other hand, others, especially Fennema
(1977) and Senk and Usiskin (1982), claim that when one
controls for experiences both in course work and informally
outside school, there are no sex difterences in mathematics

achievement. They therefore conclude that differences are
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largely environmental. More research is therefore desirable
on this issue.

In a study involving grades tive through eight boys and
girls on the concept of spatial visualization, Ben-Haim
(1982) reports significant sex aifferences in the concept
prior to instruction but no sex differences in gains were
observed from pretest to posttest. This raises the related
questions of any sex differences in achievement as a result
of probability instruction. Even if boys and girls differ
in their knowledge of probability prior to instruction,
another important question is whether they gain differently
or equally from probability instruction. At what grade
level are any differences minimal or maximal? These are
questions that have important curriculum implications in
mathematics education.

Leake (1965) and Armstrong (1972) all report
achievement gains resulting from probability interventions.
More research is needed to determine the nature and
magnitude of these gains and in which grade levels
intervention has the best chances of success.

Attitude is another issue frequently studied in
mathematics education. Of particular interest in this study
is both an investigation of students' attitudes toward
mathematics prior to and after studying a unit on
probability and the relationship between their attitudes
toward mathematics in general and toward probability in

particular atter a given probability intervention. Do boys



and girls ditfer in their attitudes toward mathematics ana
toward probability? How do any ditferences change atter
instruction, and from grade to grade?

Many studies involving attitudes to mathematics and
probability activities are reported in the literature.
Shulte (1967), Clemente (1982), Moliver (1977), Lee (1975)
and Moyer (1974) all report little or no gain in attitude
toward mathematics as a result of probability instruction.
Clemente (1982) and Fennema (1977) report that generally
middle grade boys tend to have more positive attitude than
girls. On attitude in general, Fennema (1977) gives what
seems to be representative of most literature:

1. There is a positive relationship between

attitude and machematics achievement which
seems to increase as learners progress in
school.

2. Attitudes towards mathematics are fairly
stable particularly above the sixth grade,
although ovne longitudinal study showeu a
marked aecrease from sixth grade to twelfth
grade (Anttonen, 1969).

3. Grades six through eight seem to be crltical
in the development of attitudes.

4. Extremely positive or negative attitudes
appear to be better predictors of achievement
than more neutral feelings.

5. There are sex-related differences in atti-

tudes toward mathematics (p. 104).
Although the above seems to be the general belieft, some
reports on attitudes toward mathematics still leave us
questions about the magnitude and nature ot attitudes to
mathematics, sex differences, grade level ditferences and

site ditrferences.
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Purpose of the Study

There are tour purposes of this study. The first is to
determine any existing difterences in probability knowledge
and attitudes toward mathematics of grades six through eight
students by sex, by grade level and by school setting, prior
to formal instruction.

The second purpose is to examine the efftect of
instruction on the probability-achievement and attitudes
towards mathematics of the students by sex, by grade level
and by school setting.

The third purpose is to compare attitudes towards
mathematics with attitudes toward probability by sex across
these grade levels.

The fourth purpose of the study is to compare attitudes

toward probability by grade and by sex.

Research Questions

There are two types of questions for consideration in
this study. The first set of questions deals with the
existing differences in probability skills and attitudes
toward mathematics of grades six, seven and eight students
by sex, by grade level and by school setting, prior to
instruction. These will be called type A questions. The
second set of questions, type B, tocuses on the eftects of
instruction on the probability skills ot the same students.

These questions also concern the etffects of instruction on



differences in attitudes toward mathematics and probability

by sex, by grade level and by school setting atter

instruction.

Type A Questions

Prior to instructional intervention:
What efttect, if any, does grade level have on knowledge
of probability and/or on attitudes toward mathematics?
wWwhat effect, it any, does sex have on knowledge ot
probability and/or on attitudes toward mathematics?

Do differences between boys and girls in knowledge ot
probability skills and/or in attitudes toward
mathematics change with grade level?

what effect, if any, does school setting have on
knowledge of probability and/or on attitudes toward

mathematics?

Type B Questions

After instructional intervention:

What effect, if any, will probability instructional
intervention have on achievement in probability tasks
and/or on attitudes toward mathematics of sixth, seventh
and eight grade students? Will these effects be
different tor boys and girls? Wwill these effects ditter
by grade level? Will the etfects diftfter by school

setting?



of the research questions will be in two parts:

10

Do differences exist between students' attitudes toward
mathematics in general and the probability activities in
particular? Will these ditferences exist tor both
sexes? Will these differences exist for each grade
level in the study? Will these difterences exisﬁ for
each of the sites 1, 2, and 37

Do ditferences exist between the sexes in attitudes
toward probability accivities? Will these difterences
exist for each grade level? For each site?

Do difterences exist among the three school settings
(site 1, site 2, and site 3) in their attitudes toward
probability activities? Will these differences exist

for each grade level? Wwill they exist tor each sex?

Kesearch Hypotheses

The hypotheses that will be tested in the investigatidn

Type A, and

Type B.

Type A Hypotheses:

These hypotheses are designed to test ftor difterences

among a sample ot sixth through eight grade boys and girls

in their knowledge prior to instruction in probability

activities and their attitudes toward mathematics by sex,

grade level and school setting.
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Hp1: There will be no difference among the mean scores
for each of the three grade levels (six, seven and
eight) tested, on both the Middle Grades Mathematics
Project Probability Test (MGMPPT) and on the
Mathematics Attitude Scale (MAS).

Hp2: There will be no aifference between the mean
scores tor boys and for girls in grades 6 through 8 on
both the MGMPPT and MAS.

Hp3: There will be no interaction of grade by sex among
the mean scores for 6th through 8th graders on both
the MGMPPT and MAS.

Type b Hypotheses:

These research hypotheses are designed to test for
differences in two major areas among the sample of students
after instructional intervention. Some ot these hypotheses
are to test for any eftects of the instruction on the
probability skills and on attitudes toward mathematics of
the middle grades students by sex, grade level and school
setting. Others are to compare the same students' attitudes
toward probability, as well as examine sex and graade level
differences in attitudes toward probability.

Hp4: There will be no difference between the posttest
means and pretest means ot the sixth, seventh, and
eighth grade students on both the MGMP probability
test and Mathematics Attitudes Scale (MAS).

Hgs5: There will be no difference between the mean gain
scores for each of the three grades levels tested in
both the MGMPPT and MAS.

Hpg: There will be no difference between the mean gain
scores (posttest minus pretest) for boys and tor girls
in grades six, seven, and eight on both the MGMPPT and
MAS.

Hp7: There will be no difference between students' mean
scores on the Mathematics Attitude Scale (MAS) and
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students' mean scores on the Probability Attitude
Scale (PAS).

Hpg: There will be no interaction of grade by sex among
.the mean difrerence scores--MAS score minus PAS
score.

Hpg: There will be no significant ditfference between
the mean scores for boys and tor girls in grades six,
seven, and eight on the Probability Attitude Scale.

H1g: There will be no difference between the mean

scores tor each of the three grade levels (six, seven
and eight) on the Probability Attitude Scale.

Assumptions of the Study

For the purpose of this study, the following
assumptions are made:

1. It is assumed that a paper-pencil, multiple-choice
response instrument is a valid means of assessing
student's ability in probability skill.

2. It is assumed that the sample does not difter
significantly from the population with respect to the
variables being measured in the study.

3. It is assumed that all the testing conditions (pretest
and posttest) do not differ significantly from school
setting to school setting, and trom class to class
within a setting. Examples of such testing conditions
are place, timing, length of testing, the explanation ot
testing instructions and other administration

conditions.
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4. It is assumed that teacher etfect will not ditfer
significantly trom setting to setting and ftrom grade to

grade.

Scope and Delimitations of the Study

This study concerns itself with sex and grade level
differences in attitudes toward and achievement in probabil-
ity as contained in the Middle Grades Mathematics Project
Probability Unit (MGMPPU). The MGMPPU is implemented by
teachers who are most probably ot varying mathematical
backgrounds and teaching experiences. This study cannot
control eftects due to these. However, the teachers use the
same specified probability unit, activity by activity. The
teacher is expected to follow these daily activities as
closely as possible, incluaing materials to use, questions
to ask and assignments to give. The teachers attended a
workshop before teaching the unit. The study does not
attempt to compare teachers' attitudes and their students'
achievements to others', neither does it attempt to examine
the effect of the MGMPPU on the teachers' attitudes toward
mathematics or probability or on their knowledge in
probability.

The generalizability of the findings of this study is
limited to the participating school sites and students
during the period of data collection. However, with a large

sample, over 1440 students, a case can be made that the
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sample is representative of grades six through eight
students. Moreover, these students were drawn from a wide

variety of schools and were instructed by a diverse group ot

teachers.



CHAPTER II

REVIEW OF RELATED LITEKATURE

Introduction

Literature and arguments for the importance and
inclusion of probabilicy in any contemporary school
mathematics curriculum were briefly presented in the
previous chapter. Also discussed briefly were the issues ot
sex and grade level difterences in mathematics and
probability. In this chapter, the same aspects of
probability and mathematics will be reviewed in detail.
Precisely, the following will constitute the tocus of the
review of the related literature in this study.

1. Development of Probabilistic Thinking in Children and
Adolescents.

2., Studies on Children's Understanding of Probability
concepts prior to instruction.

3. Curriculum Innovations in Probability.

4. Studies on Achievement and Attitudes Toward Mathematics
and Probability.

5. Sex Differences in Achievement and Attitudes Toward

Mathematics and Probability.

15
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6. Summary of the Literature Review.

Development of Probabilistic Thinking in Children and
Adolescents

We will now turn to the fields of developmental
psychology and mathematics education to cite literature
concerning the development of probabilistic thinking in
children and adolescents.

The work Piaget and Inhelder reported in their book
(Piaget and Inhelder, 1951) is the source ot much ot the
research in the development of the probability concept in
young children. Fiaget presents clinical evidence from
interviews wiﬁh children and concludes that the learning ot
probability concepts proceeds in stages, in accord with his
theory of the development of thought in children. There are
three stages in Piaget's theory of the development of the
probability concept in children.

In the tirst stage, generally characteristic of
children under seven years ot age, the child is unable to
distinguish betwen the necessary and the possible. In this
stage, uncertainty means only unpredictability of events in
the near future. The child does not possess a concept ot
logical uncertainty, and so does not understand the true
nature of a random mixture. Piaget found that children in
this first stage of development tried to superimpose an
order or discover a pattern amid the chaos of a random

mixture.
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Two behaviors that Piaget observed in children in the
tirst stage are worth noting in connection with the present
study.

In the first place, if a subject was shown instances ot
events A and B, and if A appeared more frequently than B,
the subject would tend to bet on B because it had been
skipped too often. This type of behaviour, sometimes re-
terred to as the gambler's fallacy, exemplifies a subject's
use of the representativeness heuristic, in the language of
Kahneman and Tversky (1972). A truly representative
sequence of instances or A's and b's shoﬁld not tavor one or
the other (provided, of course, that the probability of
instance A is the same as that of instance B.

In the second place, Piaget's subjects tended to
predict those events which had been observed most
frequently, with total disregard for the population
distribution. This type ot behaviour is characteristic ot
the availability heuristic (Tversky and Kahneman, 1973),
wherein events are predicted based upon comstructible
instances.

In the second stage ot the aevelopment of the
probability concept (up to about 14 years), Piaget claims
that a child recognizes the distinction between the
necessary and the possible, but has no systematic approach
to generating a list of the possibles. The present study is
concerned with pupils in this stage of probability

development. It therefore suggests, if Piaget is correct,



18

that a pupil in the middle grades has no systematic approach
to combinational analysis, thus lacking the ability to list
the sample space tor a probability experiment. For example,
it may be too much for a grade six pupil to be requirea to
understand that there are 36 sample points in a single throw
of two dice. This child, to Piaget, does not as yet possess
the formal operations needed to pertorm such tasks.

In the third stage, a child begins to develop a
combinatorial analysis, understands probability as the limit
or relative frequency (law of large numbers), and can deal
with the probability of isolated instances as a function ot
the whole distribution.

Piaget's interview technique requires a high degree of
verbalization for the subjects. Some studies have been
conducted to see if very young children indicate an
understanding of some probability concepts when their
decisions are made in a nonverbal tormat. Davis (1965), and
Yost, Siegal, and Anarews (1962) present evidence tor the
existence of some concepts of probability in children age 3
and 4, The children were permitted to determine probability
or frequency by utilizing a non-verbal decision process.
Yost et al. claim that the amount ot reintorcement in a
probability learning experiment with four-year-olds had a
significant etfect upon the accuracy ot the children's
predictions. .
Smock and Belovicz (1968) claim that the children in

Yost's experiment really learned about reinforcement, and
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not about probability. They present substantial evidence
that subjects of junior high school age have a very poor
conception of the laws of probability. Smock's subjects
could not consistently generate correct sample spaces, and
did not recognize or utilize the concept of independence
when predicting outcomes.

Cohen and Hansel (1Y56) identity four stages that
children go through in the development of the idea of a
probability distribution. At tirst there is just a
"glimmering belief" that the numbers in a distribution will
really vary. This corresponds somewhat to recognizing the
distinction between the necessary and the possible in
Piaget's theory. Secondly, a child feels that the category
of exactly equal proportions will occur most often, that is,
that ‘every probability distribution is a uniform
distribution. In the third stage, likelihoods are assigned
to outcomes based upon their similar structure. For
example, the outcome one blue and four yellow beads is
judged as likely to occur as the outcome one yellow and tour
blue beads, regardless of the population composition. In
this stage, the child applies the principle of symmetry
universally. Finally, Cohen and Hansel claim, a child is
able to assign a greater probability to the event "one blue
and three yellow beads" than the event "four blue beads" in
a 50-50 distribution. Cohen and Hansel attribute the stages
of mental development both to maturation and physical

experience, and say that a child is ordinarily in the fourth
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stage of development around the age of 15. This theory is

very much in accord with that of Piaget.

Studies on Children's Understanding of Probability Concepts
Prior to Instruction

In the problem statement in Chapter One, it was shown
that mathematics associations (the NCTM being foremost) and
mathematics educators have strongly advocated the inclusion
of probability curriculum in elementary and secondary school
mathematics (NCTM; 1973, 1960, 1975, 1980-1982). Several
mathematics educators came to such a conviction tollowing
the challenge that resulted from Piaget's theory of
probability aevelopment and the controversy surrounding the
level of probability concept attainment in children at
various ages. The College Entrance Examination Board (1959)
and the Cambridge Conference on School Mathematics (1963)
were motivated by these psychological findings to advocate
the teaching of probability and statistics in school
mathematics. Until recently (NCTM, 1981 Yearbook), most
efforts undertaken in mathematics education were in the
words of Shaughnessy:

...either feasibility studies undertaken to deter-

mine the teachability of probability and statistics

in the elementary or secondary schools, or experi-

mental and correlational studies which attempted to

measure the effects ot teaching a unit of probability

(1977).

Next is a review of some recent studies or reports on

children's understanding of probability concepts prior to

any formal instruction.
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Jones (1974) used taped interviews with first, second,
and third graders, and embodiments of set and measure to
investigate the status of ftive concepts of probability among
early elementary school children. The embodiments were
spinners with equal and unequal area divisions, and jars
containing discrete objects. Interviews were taped in order
to gain insight into the errors made by the subjects; The
concepts were sample space; comparison (Py) of the pro-
bability of two events within a fixed éample space; compar-
ison (P2) of the probabiliity ot a given event across three
sample spaces with the number ot total outcomes held
constant, %, %, %; identitication of (P3) unitorm proba-
bilicy distribution; and comparison (P4) of one event
across three sample spaces in which the frequency of that

event was constant but the total number of outcomes was
a a a

varied, X, y, z. Jones tound evidence in support of the
children's understanding of P32, P4, and ot sample space.

He suggests that tor primary children, an apparent under-
standing or probability in one situation does not guarantee
understanding will be evidenced in another situation. There
is also further evidence in Jones' study that 1.Q. predicts
the extent of the development of probabilistic thinking in
young children, in accord with the tindings of Leake,
Doherty, and Letrin (discussed later). The use ot embodi-
ments seemed to help the children understand probability
although Jones reports that the use of manipulatives to

perform an experiment sometimes interferred with the
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children's ability to list the outcomes of a sample space.
Color biases and individual preterences prevented some
children from making accurate responses to questions
involving the spinners.

Mullenex (1969) investigated the relationships between
understanding of probability in grades 3 - 6, and the
variables of sex, age, grade level, and skill in other
school subjects. His test was based upon the questions that
Piaget asked children in interviews. Multiple linear
regression techniques indicated a tendency for arithmetic
computational skills and reading skills to be relevant
predictors of pertormance on probability measures. Mullenex
found sufficient evidence for the understanding ot
probability in children to warrant inclusion of probability
topics in grades 3 - 6.

Doherty (1965) carried out a similar study with fourth,
fifth, and sixth graders. An investigation of children's
understanding of independent events was added to the three
concepts of sample space, simple probability, and mutually
exclusive events of Leake's study. Doherty found that
children in grades 4 - 6 possess considerable familiarity
with these concepts prior to formal instruction. Age,
mental age, and achievement were round to be signiticantly
related to the level of understanding of probability
concepts. bLoherty interprets her results as indicative ot
the feasibility of teaching probability in the elementary

school. She recommends that topics trom probability be
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included in elementary school curricula, and that teacher
training programs make provisions for informing prospective
elementary teachers about probability topics that would be
suitable for elementary school children.

In a study of probability concepts possessed by
children in grades 4 - 7 prior to tormal instruction, Leftin
(1971) reports that children have considerable knowledge ot
the concepts of finite sample space, probability ot a simple
event, and quantitication ot probability. 1I.Q., sex, and
grade level were all found to be significantly related to
the understanding of probability. 1.Q. was found to be the
most accurate predictor of performance on probability tests.
In analyzing the children's errors, Letfin mentions that the
concept ot combinations was very difficult for them to
comprehend or to use. When Leffin's subjects could list all
the outcomes in & sample space that counted combinations,
92% of them could not use the information from the sample
space to calculate a probability. This evidence appears to
support Piaget's position that children of this age are in
the stage of concrete operations. Leffin's subjects could
successtully handle probability in simple situations like
drawing balls out of a box given the number of balls of each
color that are in the box. However, the more complicated
combinatorially-generated sample spaces were not understood
by these children. This finding caused Lefifin to speculate
on how early children can be taught a systematic method of

counting. He recommends taped interviews and the use of
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manipulatives with children in order to obtain more
information about children's readiness to learn counting
principles.

In an investigation ot the development of the notions
of chance and probability, Kelsey (1980) concluded that
adolescents had a poor understanding of these notionms.
Thus, Kelsey's findings agreed with those of Beyth-Maron and
Shaughnessy.

Leake (1962) found that seventh, eighth, ana ninth
graders had some understanding of sample space, probability
of a simple event, and probability ot the union of two
disjoint (mutually exclusive) events. As in Doherty's
study, mental age and achievement both correlated
significantly with understanding of probability. Leake
recommends the inclusion of probability topics, in grade
levels seven to nine, based on the results of his
investigation.

The above literature reviews refer chronologically to
elementary and middle grades probability concepts prior to
instruction. The studies all recommend that topics in
probability be included in elementary through middle grades
mathematics curricula. Quite a few probability studies or
curriculum developments have been carried out - involving
all levels of learners - elementary, intermediate, middle
grade, high school and college levels. Some of these
studies will now be reviewed in turn. The extent of the

review depends on the relevance or relationship of the
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particular study or intervention to the present

investigation.

Curriculum Innovations in Probability

Attempts at developing curriculum materials in
probability have beeﬁ made by a number of innovators. Some
of these attempts will next be reviewed.

Studies were carried out by Gipson (1972) to determine
what materials would be appropriate for introducing
probability concepts to third graders. In one study,
children received instruction in small groups and in another
instruction was individualized. The instructional sequence
dealt with the concept of sample space and the probability
of a simple event. Audio and video tapes of the subjects
were made to gain deeper insight into the process through
which children learn about probability concepts. Gipson,
like Shepler, reports that the children had ditficulty
specitying estimated probability from an experiment. Gipson
also adds that the use of the interview-type procedure
(clinical interQiew) would give a deeper insight into how
children develop probabilistic concepts. Gipson concludes
with a recommendation that the third grade level is an
appropriate school stage to introduce selected concepts of
probability.

Armstrong (1981) describes the probability included as
an integral part of the elementary mathematics curriculum

developed by the Comprehensive School Mathematics Program
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(CSMP) . The CSMP developed stories and games for the secona
and third grades that introduce such concepts as expected
trequency, equally likely events, and prediction. Armstrong
reports that third grade CSMP students "considered the
thirty-six equally likely outcomes when two dice are thrown
and determined that there are six ways for a sum ot seven to
occur". Armstrong further describes the area model*
technique for solving probability problems. In this model, a
unit square is divided into regions so that the areas of the
regions are proportional to the probabilities involved in

the situation. The area model, Armstrong continued, "is a
geometric model that satisties the CSMP criteria tor solving
probability problems". To be appropriate tor students in
the intermediate grades, Armstrong claims the model shoula:

- be sufticiently powerful to handle fairly

sophisitcated probability problems;

- rely primarily on mathematical skills that

students already have acquireg;

- be consistent with the students' current

understanding of probabilistic concepts;

- support the eventual development of more

advanced solution techniques (1981).

Shepler (1970) developed a unit on probability dealing
with sample spaces of one, two, and three dimensions, and
necessary counting techniques. The unit was taught to a
class of 25 specially selected sixth graders of above
average ability. The unit was taught using a mastery

learning model that incorporated self-correcting exercises,

* The area model technique was also used in the probability
instruction implemented for the present study.
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specific prescriptions to diagnose and remedy errors, extra
help sessions, and extra group instruction when mastery was
not satisfactorily attained by a large majority of the
class. Objectives included counting outcomes, probability
of a simple event, probability of a compound event, equally
likely versus unequally likely probability models, and
estimating the probability of an event from data in an
experiment. A criterion level ot 90% correct by 90% of the
students was set for mastery of the objectives. All the
behavioral objectives were mastered at this level by the
students except those dealing with counting the number of
outcomes and estimating prooability rrom data. Shepler's
results agree with those ot Letfin (1971), and suggest that
sixth graders do not yet possess the tormal operations that
Piaget claims are necessary to count all the outcomes
systematically. A tollow up study (Shepler and Romberg,
1973) indicated that after four weeks the subjects were able
to retain most of what they had acquired at the mastery
level.

Beyth-Maron (1980) innovated a probability curriculum
entitled "Thinking under Uncertainty: A Curriculum".
Beyth-Maron's work has a lot in common with the present
study. Hence her work will be reviewed in some detail.

Prompted with concerns similar to those already
expressed in this study, Beyth-Maron conducted a tive-year
study which culminated in a workable curriculum in "Thinking

under Uncertainty". Beyth-Maron, in her study, reviewea
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several scholarly studies on thought processes (Miller,
1956; Bruner's concept formation, 1956; Slovic et al., 1977;
and Tversky & Kahneman's 'thinking and uncertainty,' 1974).
"These studies," claims Beyth-Maron, "have demonstrated
cognitive limitations in perceiving, memorizing and
processing information." How then do people perceive
uncertainty, assess probabilities, evaluate risks and judge
the quality of their own and others' decisions? Noting
several limitations associated with probabilistic thinking,
Beyth-Maron sought in her curriculum to help correct some ot
these Limitations. She asked these leaaing questions. "Can
corrective procedures be devised? Can we show people when
and how their judgments are wrong and how they can be
improved?" She also remarked on the usual difticult and
inapplicable way in which statistical and probability
concepts were taught to students and made these
observations:

In teaching, it can be difficult to convince

stuaents that probability is relevant to life

events and not just the science of coins and

playing cards. Ltven experts who appreciate the

relevance of probability to daily matters are

prone to the same mistakes as lay people. This

may occur because most daily problems are not

tormulated as neat, textbook probability problems

and experts often fail to make the reformulation

intuitively. In addition, most courses in

statistics, probability are taught without taking

account of cognitive processes (Beyth-Maron, 1980).
In her probability curriculum, Beyth-Maron demonstrated tive
stages of teaching that she considered appropriate for

teaching probability to middle grades students. These

stages were: (1) Demonstrating by example(s); (2) Analyzing
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thought processes (introspection); (3) Strengthening good
intuitions and showing absurdities by considering
alternative thinking and nonexamples; (9) Analyzing the
pupils' answers and arguments with them, making them
understand how similarity rules do not obey probability
rules; and (5) Deciding what the pupil should learn and use
specifically.

Junior high school was chosen tor Beyth-Maron's
curriculum development. Three reasons were given tor this
choice. First, junior high school students already have a
grasp of the minimal mathematics demanded by the probability
activities. Second, these students are mature enough for
introspection ability, and may even enjoy doing so; and
thira, they have the time and willingness to accept new
experimental areas.

The proability unit included:

(1) General framework for thinking under uncertainty,

(2) Some tools for juagment, ana

(3) Probability Instruction.

In the questionnaire evaluation that followed, curriculum
participants and non-curriculum participants were compared
in 20 items. Beyth-Maron concluded that the program
recipients did signiticantly better than the control group.
It was also found that children from high academic schools
gained more from the program than those trom low academic
schools. However, every participant gained significantly

trom the program.
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In another probability curriculum, white (1974)
developed and taught some concepts to seventh and eighth
grade students. On comparing pretest and posttest results,
white found that the subjects benefited significantly from
the program. Achievement in probability was correlated
significantly with concept attainment, computational
ability, and reading ability. McKinley (1960) developed a
probability unit for twelfth grade students. lMcKinley
reports that intelligence, language skills, reading
comprehension, and mathematics achievement, all correlate
significantly with achievement in the unit.

An experimental probability curriculum was developed
and implemented by Shaughnessy (1977). Using college
students as his subjects Shaughnessy, like Beyth-Maron,
attempted to correct certain probabilistic errors in young
people. His objective was to provide a probability inter-
vention that would maximize the students' chances ot over-
coming certain misconceptions of probability and statistics.
He argued, like Beyth-Maron, that a conventional lecture
approach to the teaching of probability may not be the best
way to overcome students' misconceptions about probability.
He therefore developed an experimental approach that used
small-group, activity based strategies in teaching
probability.

The misconceptions that were investigated were those
that arise from reliance upon heuristics ot representa-

tiveness and availability. These heuristics "enable human
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beings to decode complex probabilistic situations"
(Shaughnessy, 1977).

According to the representativeness heuristic, people
tend to make decisions about the likelihood of an event
based upon how similar the event is to the distribution from
which it was drawn. For example, a nursing mother whose six
children are boys would see this as not being representative
of the random process of child bearing, and would tend to
expect the seventh child (if any) to be female, even though
she might know that these are independent outcomes. Accora-
ing to the heuristic of availability, subjects tend to base
their judgments upon the relative lLikelihood of the events
based upon the ease with which instances ot that event can
be constructea or called to mind (Tversky & Kahneman, 1973).
For example, subjects employing the availablity heuristic
tend to tavour the misconception that out of a group of 11
people, these are more distinct 4-person committees than
there are distinct 7-person committees. It is easier to
call to mind more examples of 4-person committees than 7,
even though the number of distinct committees is the same
(330) in each case. It was found that the experimental
course was more etfective in overcoming some misconceptions
that are attributable to the use of representativeness and
availability than the control course.

The experimental activity-based course was constructed
as an alternative to the lecture method for an undergraduate

course in finite mathematics. A series of nine activities

—_—
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in probability, combinatories, game theory, expected values,
and elementary statistics were developed by Shaughnessy.
Students in the experimental course worked together in class
on the activities in small groups of four or five members.
Each activity required the groups to perform experiments,
gather data, organize and analyze the data, and tinally
reach some conclusions which could be stated in the form of
a mathematical principle or mathematical model. The
students were strongly encouraged to cooperate with one
another, to solve problems as a group rather than
individually, and to help all the members of their group to
understand the concepts and problems of each activity. The
groups were changed often so that everyone had a chance to
work with everyone else during the course.

Shaughnessy also remarks that the manner in which
college students learn probability makes a difrerence in
their ability to overcome misconceptions that arise from
availability and representativeness. He concluded his study
with this implication for the mathematics teacher (1977,

p. 314):

Peoples' intuition of probabilistic thinking is

distorted by science education's emphasis on the

necessary, and neglect of the possible. This
experiment suggests that the course methodology

and the teaching model used in an elementary

probability course can help develop peoples' in-

tuition for probabilistic thinking. A course in
which students carry out experiments, work through
activities to build their own probability model<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>