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THE EFFECT O | NSTRUCTI ON ON THE PERFORVANCE
AND ATTI TUDES OF M DDLE SCHOCOL

BOYS AND G RLS
By

Zacchaeus Kunl e Qgunt ebi

Fur pose

This study had tour related purposes. The first
purpose was to determne existing differences in probability
know edge and in attitudes toward mathematics or grades siXx
through eight students by sex and grade prior to probability
intervention. The other purposes were to anal yze the
eirects of instruction on probability skill devel opnent, on
attitudes toward mathematics, and toward probability, by sex

and gr ade.

Met hodol ogy

The probability intervention and data collection took
place during Fall 1982 and wi nter 1983. About 1460 sixth
through eighth graders, fromthree sites (urban, suburban
and rural) in and around Lansing and Pontiac, M chigan,

participated in the entire study.
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The instruments used included the Mathematics Attitude
Scale (MAS), Probability Attitude Scale (PAS) and a
Probability Test (FT). HAS and PT were pre and posttest
neasures while PAS was post test only. PT was a 25-item test
while MAS and PAS were simlar six-item bipolar senmantic
differentials, with high Gonbach a reliability
coefficients. The probability instruction materi al
contai ned ten sequenced activities requiring about three
weeks to cover. The statistical analyses included
nul tivariate and univariate analysis of variance and

repeat ed nmeasures.

Maj or Results

Prior to instruction, there were (1) no sex or site
differences in attitudes toward mat hematics, but boys
outperforned girls in probability performance. (2) grade
differences in probability performance (.increasing with age)
and in nmathenatics attitudes (decreasing with age), wth
slight variations.

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

out consistently out gained boys. (3) Attitudes to
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mat hemati cs declined slightly over the period but these were
not nmeaningfully significant. (.4 There were no site, sex,
or grade differences in attitude change toward mat hemati cs.
(5) boys and girls did not disagree in attitudes toward
probability and mat hematics. (b) Seventh graders had nore

favorable attitudes to probability than the other grades.
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CHAPTER 1

THE PROBLEM

Introduction and Rationaie

~ Probability has enormous importance in modern society.
In a world of uncertainty, we must make choiceé, take
chances and live by the cunsequences of our judgments.
Probabilistic thinking is frequently involved, directly or
indirectly, when choosing between alternative courses of
action, lany and diverse daily activities and realities
depend heavily on probabilistic thinking. Decision umaking
in scientitfic and educational research, weather forecasts,
military operations, business predictions, insurance
calculations, design and quality control of consumer
products, genetics, politics, cowmputer technology and social
sclence, are a few areas of application of aspects ot
probability.

Many researchers, scholars and organizations have
emphasized the importance ot probability and statistics.,
Shulte (1%%1) points out that statistics and probability

provide methods for dealing with uncertainty and are



inherently interesting, exciting and motivating topics tor
students. The National Council tor teachers ot Mathematics
(NCTM) has long recognized the importance ot statistics and
probability in school mathematics. In "An Agenda tor
Action: KRecommendations for School Mathematics or the
1980 "'s," developed by the NCIM, probability and statistics
were emphasized as topics deserving attention in school |
mathematics (1980)., OUver eighty percent of the scientific
(mathematics) community surveyed by the NC1M in a
"Priorities in School lMathematics" (PRISM) project (1981,. |
11-12) strongly support the inclusion ot statistics and
probability topics in school mathematics tor all secondary
school students,
| In writing the preface of the 1981 Yearbook ot the
National Council of Teachers of Mathematics (NCTM), the
editor, Shulte (1981) observes that the 1981 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 curriculuﬁ groups in this century =--

including the NUIM in its recommendations for the

curriculum of the 1980's -- have stressed the

importance of statistics and probability... Wwe
" hope the material in this yearbook will capture
- your interest and give you a springboard for

beginning the teaching ot statistics and
probabilicy.

In an overview ana analysis of school mathematics in the

secondary school, the ConIerence Board of the Mathematical

' Sciences - National Advisory Committee on Mathematical



Education (NACOME) submits that probability and statistics
are “indispensable tor the solution of policy questions” ang

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
NACOUME (1975) advocate the provision of curriculum materials
tor teachers in order to encourage teachers to teach
probability and statistics.* Even though the NUTM considers
these topics important in upper elementary grades and junior
high school (NCTM, 1Y83), not a single topic in the NUIM
(19Y82) Yearbook titled "Mathematics for the Midale Grades
(5-9)", is devoted to statistics and probability,

Other writers or groups who stress the importance ot
probability include Shaughnessy (1970), Wwilks (1958), the
Cambridge Conterence S5.Schoo1 Mathematics - Goals tor
School Mathematics (1963), Johnson (1980), Kass (19b4), Lee -
and Hoban (14Y75), white (1Y980) and Huff (1954). Hdutf and
Gels (1959) powerfully sum up the importance ot probability
this way:
| Probability theory is the underpinning of the
_modern worid. Current research in both the
physical and social sciences cannct be understood

~ without it. ‘Today's politics, tomorrow's weather,
© and next weeks' sateliite 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 stuay.
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It probability is so important and usetul in our wmodern
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 ot knowledge in the
subject and the nonavailability of well organized materials
to help teachers manage the teaching or the subject.

The objective of this study is to consider questions
that will have implications on teaching probability at the
miadle grades level. For exauple, 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
Jenes (1974), Leake, Jr. (1965), bLoherty (1965) and becleod
(1971), who conducted their studies respectively on prade
levels (1-3), (7-9), (4-6), and on selected elementary
gradces. These researchers conclude that elementary and
Jjunior high school boys and girls in general possess
considerable knowledge of some probability concepts prior to
rormal instruction. In particular, Jones reports that
grades one through three pupils aiready have some concept of
outcomes of a sample space. Doherty concludes that by
grades four through six, children have already acquired some
tamiliarity with the probabilities of a sample space, sample
events and the union of two or more mutually exclusive

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

Of interest also are the quéstions of sex diftérenéés
in probabilistic thinking prior to any imnstruction, and how
these sex ditterences change with grade level, In other
words, do boys and girls develop probabilistic concepts
ditterently or equally without any systematic probability
curriculum? _ o

The Comprehensive School mathematics Project (CSEP) has
developed a curriculum which introduces considerable
probability in grades 1-6. Evidence obtained during the
national evaluation of this project indicates that sex
ditferences which seemed apparent prior to instruction
vanished as a result of 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 wathematics in research studies. Investiga-
tions and findings including those ot Benbow and Stanley
(1980) tend to conclude that boys naturally have a higher
mathematical ability than glrls., Wilson (1Y7%2), Klanagan et
al. (1964) and others claim evidence to support this
position., On the other tand, others, especially Femnnema
(1¥77) and Senk and Usiskin (1¥82), claim that when one
controls tor experiences both in course work and informally
outside school, there are no sex ditterences in mathematics

achievement. They thererore conclude that differences are
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'1arge1y environmental. More research is thgre;ore desirable
on this issue. . R

| In a study involving grades tive through eight boys éno
girls on the concept of spatial visualization, ben-haim
(1982) reports significant sex aifferences in the concept
prior te instruction but no sex differences in gains were
observed trom pretest to posttest, This raises theﬂrelated
questions of any sex differences in achievement as éwrésult
ot probability instruction. Even if boys and girls differ
in their knowledge of probability prior to instruction,
another important question is whether they gain difterently
or equaily trowm probability instruction. At what grade
level are any differences minimal or maximal? These are
questions that have i{mportant curriculum implications in
mathematics education. | SR :5 :i'

Leake (1965) and Armstrong (197Z) all reportc I
.- achievement gains resulting frow probability interﬁehtiohé.
More research is needed to determine the nature ana
magnitude ot 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 diftfer in their attitudes toward mathewatics and
toward probability? How do any ditterences change atter
instruction, and from grade to grade?

Many studies involving attitudes tc mathematics and
probability activities are reported in the literature,
Shulte (1967), Clemente (1982), Moliiver (1977), Lee (1975)
and Moyer (1%74) all report little or no gain in attitude
toward mathematics as a result ot probabiitity instruction.
Clemente (1982) and Fennema (1%77) report that generally
midaole grave boys tend to have more positive attitude than
girls. On attitucge in general, tennema (1Y977) gives what
seems to be representative of most literature:

1. There 1is a positive relationship between

attitude and machematics achieveument which
seems CO increase as Learners progress 1in
school.

2. Attitudes towards mathematics are fairly
stable particularly above the sixth grade,
although cne longitudinal study showeud a
marked aecrease from sixth grade to twelftth
grade (Anttonen, 196Y).

3. Grades six through eight seem to be critical

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 seews to be the general beliet, some
reports on attitudes toward mathematics still leave us
questions about the magnitude and nature ol attitudes to
mathematics, sex uifrerences, grade level difterences and

site airterences.
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Purpose of the Study

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

The second purpose is to examine the etfect of
instruction on the probability achievement and attitudes
towards mathematics or 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 comnsideration in
this study. The tirst set ¢f questions deals with the
existing differences in probability skills and attitudes
toward wmathematics of grades six, seven and eight students
by sex, by grade level ana by school setting, prior to
instruction. Tnese will be called type A questions. The
second set of uestions, type 8, focuses on the etrects ot
instruction on the probability skills of the same students.

These questions also concern the ettects of instruction on
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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 eftect, if any, does grade level have on knowledge
of probability and/or on attitudes toward wmathematics?
what etfect, ir any, does sex have on knowledge or
probability and/or on attitudes toward mathematics?

Vo difterences between boys and girls in knowledge of
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 Guestions

R

After instructiomnal intervention:

What effect, if any, will probability instructicnal
intervention have on achievement in probability tasks
and/or on attitudes toward mathematics ol sixth, seventh
and eight grade students? Will these effects be
difterent tor poys and girls? Will these eftrects dirrer
by grade level? Wwill the erfects ditrer by school

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

3. Do differences exist between the sexes in attitudes
toward probability activities? Wwill these differences
exist for each grade level? For each site?

4. Do difterences exilist among the three school settings
(site 1, site 2, and site 3) in their attitudes toward
probability activities? Wwill these aifferences exist

for each grade level? Will they exist ftor each sex?

Kesearch Hypotheses

¥

The hypotheses that will be tested in the investigation
ot the research questions will be in two parts: Type A, and

.~ Type B.

Type A Hypotheses:

These hypotheses are designed to test ftor ditterences
among a sample ot sixth through eight grade boys and girls
in their knowledge prior te instruction in probability
activitieg and their attitudes toward mathematics by sex,

graae level and school setting.



j Hot: 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). :

< Hg2: There will be no aifference between the mean

scores tor boys and tor girls in grades & through & on

both the MGMPPT and MAS,

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

Type b Hypotheses:

These research hypotheses are designed to test tor
differences in two major areas among the sample of students
atter instructional intervention. Some ot these hypotheses
are to test tor any etifects of the instruction on the
probability skills and on attitudes toward mathematics of

the middle grades students by sex, prade level and schooi
- getting. Others are to compare the sawme students' attitudes
toward probapilicty, as well as examine sex and graae level
gitterences in attitudes toward probability.
Hoqj There will be no ditference between the posttest
means and pretest means of the sixth, seventh, and
eighth grade students on both the MGMP probability
test and Mathematics Attitudes Scale (MAS).

| Bus: There will be no difference between the mean gain
scores tor each of the three grades levels tested in
both the MGMFPT and MAS.

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

Hp7: There will be no ditference between students' mean
scores on the Mathematics Attitude Scale (MAS) ana
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e
T

students' mean scores on the Probability Attitude

There will be no interaction ol grade by sex among
the mean aitierence scores--MAS score minus PAS
score.

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

There will be no ditference between the mean

scores tor each of the three grade levels (8ix, 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
regponse instrument is a valid means of assessing
student's ability in probability skill.

It is assumed that the sample does not differ
signiticantly trom the population with respect to thé
variables being measured in the study,

It is assumed that all the testing conditions (pretest
and posttest) do not difter signiticantly trom 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 of
testing instructions and other administration

conaitions.
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4., 1t is assumed that teacher effect will not gitfer
significantly trom setting to setting and frow grade to
grade.

Scope and Delimitations of the Jtudy

This study concerns itself with sex and grade level
difterences in attitudes toward and achievement in probabil-
ity as contained in the Middle Grades Mathematics Project
Probability Unit (MGMPPU). The MGMPFU is implemented by
teachers who are mast probably of varying mathematical
backgrounds and teaching experiences. This study c¢annot
control efrects due to these. However, the teachers use the
same specitied probability unit, activity by activity., The
teacher is expectea to tollow these daily activities as
closely as possible, incluoing waterials to use, questioﬁs
to ask and assignments to give. The teachers attended a
workshop berore teaching the unit. The study does not
attenpt to compare teachers' attitudes and their students'
achievements to others', neither dces it attempt to examine
the effect of the MGMPPU on the teachers' attitudes toward
mathewmatics 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.



CHAPTEK 11

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 anu mathematics will be reviewed in detail.
Precisely, the tollowing will constitute the tocus of the
review of the related literature in this study. .

1. Developument of Frobabilistic Thinking in Children and
Adolescents. | a

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

3. Curriculum Innovations in Probability.

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

5. Sex Ditferences in Achie?ement and Attitudes YToward
Mathematics and Probabilicy.

5
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6. Summary of the Literature Review.

Levelopuwent of Probabilistic Thinking in Children and
Adolescents

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

The work Piaget and Inhelder reported in their book
(Piaget and Inhelder, 1931) is the source ot much ot the_
research in the aevelopment of the probability conceptfiﬁ
young children, Fiaget presents clinical evidence from
interviews with 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 Plaget's theory of the deveiopment of the

. probability concept in children.

. In the first stage, generally characteristic ot
children under seven years of 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 tuture, The child does not possess a concept ot
logical uncertainty, and so does not understana the true
nature ot 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 trequently 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, exemplities a subject's
use of the representativeness heuristic, in the language of
Rahneman and 1versky (1572). A truly representative
sequence of instances ot A's and b's should not favor one or
the other (provided, ot course, that the probability of
instarice A is the game as that ot instance B.

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

In the second stage ot the aevelopment of the
probability concept (up to about i4 years), Piaget claims
that a child recognizes the aistinction 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, it Piaget is correct,
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that a pupil in the miaddle 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 pupll to be requirea to
understand that there are 36 sample points in a single throw
of two aice. This chila, 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 distripution.

Plaget's interview technique requires a high degree ot
verbalization ror the subjects., Some studies have been
conducted to see it very young children indicate an
understanding of some probability concepts when their
decisions are made in & nonverbal tormat. Dbavis (1Y65), ana
Yost, Siegal, and Anarews (19bz) present evidence ror the
existence of some concepts ot probability in children age 3
ana 4. The chilaren were permitted to determine provability
or frequency by utilizing a non-verbal declsion process.
Yost et al. claim that the amount ot reintorcement in a
probability learning experiment with ftour-year-olds had a
signiticant etfect upon the accuracy ot tne children's
predictions.

Smock and Belovicz (1908) claim that the chilaren in

Yost's experiment really learned about reintorcement, and
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not about probability. They present substantial evidence
that subjects of junior high schoocl 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 (1Y5¢) identifty four stages that
children go through in the development of the idea of a
probability distribution. At first there is just a
"glimmering belief" that the nuwbers in a distribution will
really vary. ‘lhis corresponds somewhat to recognizing the
distinction between the mecessary 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 unitorm
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 cutcome cne yellow and tour
blue beads, regardless of the peopulation cowposition. 1In
this stage, the child applies the principle of symmetry
universally. F¥inally, 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 developuent both to maturation and physical

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

very much in accord with that of Plaget.

1]
| IR
L

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 trom Piaget's theory ot
probability wevelopment and the controversy surrouncing the
- level of probability concept attainment in children at
- various ages, The College kEntrance Examination Boara (1959)
and the Cambridge Conference on School Mathewmatics (1%63)
were motivated by these psychological findings to advocate
the teaching ot probabitity and statiscics 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 ot probability and statistics

in the elementary or secondary schools, or experi-

mental and correlational studies which attemptea to

measure the effects of teaching a unit of probability

(1977).

Next is a review of some recent studies or reports on

children's understanding ot probability concepts prior to

any tormal instruction.
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Jones (1974) usea taped interviews with first, second,
ana third graders, and embodiments of set and measure to
investigate the status of tive 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 tixed sample space; compar-
ison (Py) ot the probabiiity ot a given event across three
sample spaces with the number ot total outcomes held
constant, %, %, %; identitication of (P3) unitorm proba-
bility distribution; and comparison (¥,) or one event
across three sauple spaces in which the frequency ot that
event was constant but the total number of outcomes was
varied, %. %, %. Jones tound evidence in support of the
children's unaerstanding ot Py, P4, ana ot sample space.

He suggests that tor primary children, an apparent under-
standing ot probability in one situation does not guarantee
understanding will be evidenced in another situation. There
is also turther evidence in Jones' study that 1.Q. predicts
the extent of the development ot probabilistic thinking in
young children, in accord with the tindings ot 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

pertorm an experiment sometimes interterred with the
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children's ability to list the outcomes of a sample space.
Color biases and indiviaual preferences prevented some
children from making accurate responses to questions
involving the spinners.

Mullenex (1969Y) 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
Fiaget asked children in interviews. Multiple linear
regression techniques indicated a tendency for arithmetic
computational skills and reading skills to be relevant
predictors ot pertormance on probability measures. Mullenex
found sufficient evidence tor the understanding ot
propability in children to warrant inclusion of probability
topics in grades 3 - 6.

Doherty {1965) carried out a similar study with fourth,
tifth, 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, UDoherty found that
children in grades 4 - b6 possess considerable tamiliarity
with these concepts prior to formal instruction. Age,
mental age, and achievement were round tu be signiticantly
related to the level ot understanding of probability
concepts, iUoherty interprets her results as indicative ot
the teasibility of teaching probabiiity in the elementary

school, She recommends that topics trowm probapiiity be
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included in elementary school curricula, and that teacher
training programs make provisions tfor iniforming prospective
elementary teachers about probability topics that would be
suitable tor elementary school children.

In a study of probability concepts possessed by
children in grades 4 - 7 prior to tormal instruction, Lettin
(1971) reports that children have considerable knowledge ot
the concepts ot finite sample space, probability of a simple
event, and quantitication ot probability. [.Q., sex, and
grade level were all found to be significantly related to
the understanding of probability. [.Q. was tound to be the
most accurate predictor ot pertormance on probability tests.
In analyzing the children's errors, Letfin mentions that the
concept ot combinations was very difticult for them to
comprehend or to use. When Leffin's subjects could list all
the outcomes in a sample space that counted combinations,
Y2% of them could not use the intormacion trom the sample
gspace to calculate a probability. ‘his evidence appears to
support Piaget's position that children ot this age are in
the stage of concrete operations. Lettfin's subjects could
successtully handle provability in simple situations like
drawing balls out ot a box given the number ot balls ot each
color that are in the box. However, the more complicated
combinatorially-generated sample spaces were not understood
by these children. This tinding caused Letrin to speculate
on how early children can be taught a systematic nethod ot

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

In an investigation ot the development of the notiouns
of chance and probability, Kelsey (1%40) concluded that
adolescents had a poor understanding cof these notions.
Thus, kelsey's rindings agreed with those ot Beyth-haron and
shaughnessy.

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

The above literature reviews reter 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. (uite a tew probability studies or
curriculum developments have been carried out - involving
all levels of learners - elementary, intermediate, miadle
grade, high school and college lLevels. Some of these
studies will now be reviewed in turn. The extent of thé

review depends on the relevance or relatiocnship ot the
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particular study or intervention to the present

investigation.

Curriculum lnnovations in Probability

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

Studies were carried out by Gipson (1972) to determine
what materials would be appropriate for introducing ' |
probavility concepts to third graders. In one study,
children received instruction in small groups and in another
instruction was individualized. The instructional se@ﬁehce
dealt with the concept of sample space and the probability
ot a simple event. Audio and video tapes ot the subjects
were made to gain deeper insight into the process through
which children learn about probability congepts, Gipson,
like Shepler, reports that the chilaren had ditficulty
specitying esfimated probability from an experiment. Gipson
aiso adds that the use of the interview-type procedure
(¢clinical interview) 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 mathematiecs curriculunm

developed by the Comprehensive School Mathematics Program
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(CSMP). The CSMP developed stories and games tor 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 turther describes the area model*
technique tor solving probability problems. In this wmodel, a
unit square is divided into regions so that the areas of the
regions are proportional to the probabilities involved in
the situation. 7The area model, Armstrong continued, "is a
geometric model that satisties the (SMP criteria for solving
probability problems". 1o be appropriate tor students in
the interwediate grades, Armstrong claims the wedel shoula:
~ be suftriciently powerrul to handle fairly
sophisitcated probability probiems;
~ rely priwarily on mathematical skills that
students already have acqulrea;

- 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 tor the present study.
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specific prescriptions to diagnose and remedy errors, extra
help sessions, and extra group instruction when mastery wds
not satisfactorily attained by a large wmajority of the
class. Objectives included counting outcomes, probability
ot a simple event, probability of a compound event, equally
likely versus unequally likely probability models, and
estimating the probability of an event trom data in an
experiment, A criterion level of 90% correct by 90% ot the
students was set tor mastery ot the objectives., All the
behavioral objectives were mastered at this lLevel by the
students except those dealing with counting the number of
outcomes and estiwmating provability rrom data. ShepLer's
results agree with those of Leffin (1%71), and suggest that
sixth graders do not yet possess the tormal operations that
Piaget claims are necessary to count all the outcomes
systematically. A rollow up study (sShepler and Romberg,
1973) indicated that atter ftour 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 aetail.

rrompted with concerns similar to those already
expressed in this study, Beyth-iaron conducted a five-year
study which culminated in a workable curriculum in "Thinking

under Uncertainty". beyth-Maron, in ter study, revieweaq
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several scholarly studies on thought processes (Miller,
1956; Bruner's concept formation, 1956; Slovic et al., 1977;
and [versky & 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, evaiuate risks ana 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 limitatiouns. She asked these leauing questions. '"Can
correc¢tive 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 difiicult 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

stugents that probability is relevant to lifte

events and not just the science of coins and

playing cards. Even experts who appreciate the

relevance ot probability to daily matters are

prone to the same wmistakes as lLay people. This

may occur because most daily problems are not

tormulated as neat, textbook probability probiems

and experts otten fail to make the reformulation

intuitively. In addition, most courses in

statistics, probability are taught without taking

account of cognitive processes (beyth«lMaron, 1930).
In her probability curriculum, Beyth-Maron demonstrated rive
stages of teaching that she considered appropriate for
teaching probability to middle grades students. These

stages were: (1) Demonstrating by example(s); (2) Analyzing



thought processes (introspection); (3) Strengthening good
intuitions and showing absurdities by considering i |
alternative thinking and nonexamples; (4) analyzing the
pupils' answers and arguments with them, wmaking them

unaerstand 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 mathewmatics dewmanded by the probability.
activities, Second, these students are mature enough for
introspection ability, and may even enjoy aoing so; and
thira, they have the time and willingness to accept new .
experimental areas.

The proability unit included:

(1) General tramework tor thinking under uncertainﬁy,

(2) Some tools for judgment, anc

" (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 signiricantly better than the control group.
It was alsc found that children trom high academic schools
gained more from the program than those trom low aéademic
schools. However, every participant gained significantly .

trom the program.



In another probability curriculum, white (1974)
developed and taught some concepts to seventh and eighth
grade students, Un comparing pretest and postiest results,
white tound that the subjects benetited signiticantly from
the program. Achievement in probability was correlated o
significantly with concept attainment, computational
ability, and reading ability. McKinley (1960) developed a
probability unit for twelith grade students. Dlickinley
reports that intelligence, language skills, reading
comprehension, and matheuatics 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 maxiwize the students' chances ot over-
coming certain misconceptions of probability and statistics.
' he argued, like Beyth-Maron, that a conventional lecture fz
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 trom reliance upon heuristics ol 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 tc make decisions about the likelihood or 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 ¢t availability, subjects tend to base
their judgments upon the relative likelihood of the events
based upon the ease with which instances or that event can
be constructea or cailed to mind (Tversky &« Kahneman, 1973).
For example, subjects employing the availablity heuristic
tend to travour the misconception that out of a group of 11
people, these are more distinct 4-person committees than
there are distinct 7-person coumittees. 1t 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 effective in overcoming some misconceptions
that are attributable to the use ot representativeness ana
availabilicy than the control course.

The experimental activity-based course was constructed
a8 an alternative to the lecture methoa tor an undergraauate

course in tinite mathematics. A series or 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 ot four or five members,
Each activity required the groups to perform experiments,
gather data, organize and analyze the data, and tinaily
reach some conclusions which could be stated in the form ot
a mathematical principle or mathematical model. The
students were strongly encouraged to cooperate with one
another, to solve proovlems as a group rather than
individually, and to help all the members ot 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 eise during the course.

Shaughnessy also remarks that the manner in which
college students learn probability makes a difierence in
their ability to overcome misconceptions that arise trom
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 v :d in an elementary

probability course can huap develop peoples' in-

tuition for probabilistic thinking. A4 course in

which students carry out experiments, work through

activities to build their own probability models,

and aiscover counting principles ftor thewselves

can help students to overcome their misconceptions

about probabiitity, and can help restore the syn-

thesis between the necessary the the possible
which is essential to probabilistic thinking.
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From Beyth-Maron's, Shaughnessy's and other curriculum
studies, one sees a lot of similar concerns and experimental
results regarding the use of probabilistie thinking and

learning that will be examined in the present stuay.

studies in Achievement and Attitudes Toward Mathematics and
Probability

Studies involving both mathematics and probability at
the elementary grades level, with respect to achievement and
attitudes, are not common in the research literature.
However, several studies on these toplcs, involving
adolescents and adults, are reportea.

Shulte (1Y%bs) investigated the etiects of a probability
and statistics unit on the achievements and attitudes ot
ninth grade general mathewatics students. Shulte concluded
that the probability and statistics presented in his unit,
"The Mathematics of Uncertainty”, aid not ettectively
promote student attitude or achievement in computational
skills. 7The intervention however ettectively increased
proticiency in other mathematics areas.

Moyer (1975) daesigned and conducted a study to "test
the claim that probability has the potential to improve
arithmetic computation skill, arithmetic reasoning, and
attitudes toward mathematics". Moyer whose subjects were
ninth grade general mathematics students, did net tind any
gignificant difference in attitudes toward mathematics, but

the experimental group vutpertormed (P < .05) the comparison
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group in knowledge about probability. However, like Shulte,
Moyer's study:

does not support the contention that probability,

at least that part ot probability contained in

the unit taught in this study, can be used in

the ninth grade general mathewatics classes to

improve arithmetic computational skill, arithmetic

reasoning, or attitude toward mathematics. however,
the study indicated that while gaining knowledge
about probability, the experimental group showea
equivalent improvement with the comparison group

in the ordinary general mathematics areas ot

arithmetic computation skill and arithmetic

reasoning.

Lee (1975) workea with low-achieving junior college
students in a study on developing basic mathematics skills
through elementary probability anu statistics. Lee had
three goals.

1. To improve students' mastery of some basic mathematics
skills.

2. To help obtain some understanding cf probability and
statistics and their uses in real world situations.

3. To improve students' attitudes toward mathematics,

In the summative evaluation of the 191 subjects involved,

Lee reported that students' attitudes toward mathematics

remained unchanged, but over 80 percent or the subjects

claimed to have acquireda a better understanding ot

probability and statistics and their applications.

Shevokas (1974) carried out a study using, as subjects,
the students taking the general wmathematics course in a
community college. In the study in which computer oriented

and manual Monte Carlo approaches were employed, Shevokas

had two purposes. The tirst was to investigate the etfects
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ot the Monte Carlo appreoach on achievement in and atti:ude
toward mathematics, The second purpose was to éxémlﬁé.? |
similar effects in probability and statistics. No |
gigniticant difterence was found in the measures or
attitudes toward mathematics. However, both experimental
groups (one with computer and the other with manual Monte
{arlo procedures) achieved higher (P < .U1) than the control
group which used analytic methods only. Shevokas concluded
with the assertation that the non-computer Monte Carlo
approach was an optimal method for introducing a probability
unit to community coliege students.

Kipp (1975) investigated the efftects ot integrating
topics from probability with those ot elementary algebra in
an experiment with college students. She compared
experimental and control groups on achievement, retention,:_.
and attitude. Greater retention and improved attitude |
towards mathematics were founa in the groups receiving the
algebra integrateg with probability, Kipp recommends tnat
experimentation be introduced betore college students are
taught probability tormally. She suggests that college
students should encounter physical models of both unitorm  ; 
and nonunitorm probability distributions. !

In an experimental study involving graduate students in
the behavioral sciences, Monroe {19Y80) develeoped, taught,
and evaluated twoc probability concepts., Monroe reached the

ftollowing conclusions:
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the relationship between age and periormance on

the probability test was strong and negative among

students with a poor mathematics background; stu-

dent attitude toward mathematics was not related to

pertormance on the probability test; and, important

probability concepts can be taught using a non-
traditional curriculum (Monrove, 1Y8U).

Crouse (1977) in his study investigated the ettect ot
the teacher's probability knowledge and mathematics
attitudes on student probability achievement. Crouse tound
that higher student achievement in the selected probability
tasks taught was signiticantly associated with higher
teacher knowledge in these tasks. Crouse concluded that

teacher attituae toward mathewatics had no etfect on stuaent

achievement in the probability tasks taught.

Achievement in and Attituues Toward Probability

The studies reviewed above each dealt with probability
and mathewmatics., Quite a few 1nvestigations have addressea
probability alone, with respect to student achievements and
attitudes. Some ot these studies are now reviewed.

In a study on first grade children's understanding ot
probability, bunlap (1Y80) indicates that even children with
limited or no understanding of probability can be trained to
evidence such understanding. He reached this conclusion
trom the result ot pretest-posttest data involving seven
groups. Dbunlap however suggested that the "rule training"
(tutorial) methoa was more successtul with tirst graders

than the "selt-discovery training" method.
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Armstrong (1Y72) investigated the ability ot fitth ana
s1xth graders to learn selected topics 1n probability.
Armstrong concluded that while sixth graders possessed the
ability to learn all the concepts of probability taught,
fitth graders were unable to learn the concept ot outcome
space. The concepts taught in the study were outcome,
outcome space, even, probability of a ftinite event, ana
mutually exclusive events. OSixth graaers gained
signiticantly on all ot these concepts ana on the total
probability test.

In another study, bSmith (1966) ceveloped and taught a
unit on probability and statistics Lur seventeen days to
three groups of seventh graders. The three groups were Low,
middale, and high experimental groups. Swith tound that all
three groups learned signiticantly (P < .01) trom the
instruction. ©Smith concluded that the seventn grade was an
appropriate level to introduce "at lLeast some topics in
probability and statistics,"

McClenahan (1974) carried out a study involving an
application ot Piagetian research to the growth ot chance
and probability concepts. McClenahan's subjects were low
achievers in secondary school mathematics. His conclusions
included

There is a strong indication that the low achiever

in mathematics may not have attained the rormal

operational stage, at least as Lar as the topic ot

probability is concerned (mMcClenahan, 19/74).

This study tends to suggest that probability is a relatively

abstract topic in mathematics. As such, children's level ot
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developument ought to be taken into consideration when
introducing probability in school mathematics progréms.
Arehart (197%) explored the relationship between ninth
and tenth grade student achievement con a probability unit
and student opportunity to learn the unit objectives.
Twenty-three teachers taught the unit to twenty-six classes,
In the analysis ot the pretest-posttest scores, Arehart
found the following:
1. Student achievement in probability is related to the
amount of exposure or opportunity he has to learn that

cbjective.

[

The study also supports the tenet that amount of student

work is related to student achievement.

3. Teacher information turns out to be as importaﬁt as
teacher questioning behaviour.

4, The amount of teacher intormation ana teacher

questioning about objectives of a lesson relate

positively to the achievement of them.

Sex Ditferences in Frobability

Research findings with respect to sex differences in
probability seem to concur, irrespective ot grade level,
that little or no sex dirfferences exist. Studies by
Mullenex (1968}, Doherty (1965), Smith (1966), and wavering
(1979) were conducted respectively with grades levels 3-¢,
4=6, 7, and (b8, 10, and 12); and in varied settings. Yet

all conclusions were unanimously in tavour of no signiticant
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sex difterences in probability. Doherty's stuay, reviewed
much earlier in thisg chapter, was carried out priocr to
instruction. Also bdcLeod (1972) founa no sex dirterences in
his own study. ‘Ihree treatments in a unit on probability
were administered to second and fourth grade childrén. The
treatments were laboratory experience, a teacher
demonstration, and a contreol in which no probability was
taught. The unit on probability covered the law ot large
numbers, prediction of a set of cutcomes froix an experiment
involving repeated trials, and uses or probabilistic terms
such as "certain," "impossible", "likely"”, and "unlikely".
McLeod also rovund no ditfrerences among the three treatments
in probability achievement.

In an evaluation of the Comprehensive School
Mathematics Project (CSMP) probapility curriculum, sex
differences were reported prior to imstruction in both CSMP
and non-C4MP scudents. However, arter instruction,
according to Dougherty (1981),* sex ditferences were not
tound with CSMP students, but sex aditferences persisted with
non-(CSMP students.

However, Kass (1964) reported sex ditfferences in
probability achievement in favour of boys. Kass, in his
study, found that boys ocutperformed girls in binomial

probability tasks. Kass' study is one of the very tew

* This report was given by Dougherty ot the CSMP at the NCTM
(1981) Annual Conference, at St. Louils, Missouri, U.S.A.
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studies that found any sex difterences in probability. DMore
research is needed with respect tc sex diifrerences in

probabilicy. _ |

Achievement in and Attitudes Toward Mathewatics

So far, reviewed in this chapter are studies in which
probability and mathematics are the rocus, or in which
probability alone is the concern, with respect to
achievement and attitudes. Other studies have addressed
achievements in and attitudes toward mathematics alone,
This section contains a review of attitudes ana achievement,
and the relation between them, with respect to mathematics..

The general question asked by current researchers is
"what is the strength ot relationship between attitudes
toward mathematics and achievement in mathematics?"
Affective variables are believea by many educators to be as
important contributors to the learning of mathematics as
cognitive variables. Lkvidently, research is needed to
verify or nulliry the common sense teeling ot heavy
dependence, or even causality, between attitudes and
achievement with respect to mathewatics.

Malcolm (1971) reviewed the question ot attitude
tormation through a ten-nmonth longitudinal stuay. Dbdalcolm
used a sample of 858 students trom a large suburban school
district, in grades Chree to tour, tive to six, and six teo
seven. The purpose of the study, among other concerns, was

to determine it attitudes do decline with age, and if any
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grade level woula emerge as producing the greatest amount ot

attitude change. 1ITwo arithmetic attitude scales were

employed. The tirst scale was the Hoyt Minnesota Pupil

Opinion, a 28-item yes-no instrument, The second scale was

a semantic differential with tifteen bipolar acjective

pairs. Both scales were proved reliable and ftound to have

acceptable internal reliability, with the noyt instrument
yielding the highest correlations. Like 1n the present
study, sex and grade were the independent variables.,

Inconsistent results were obtained, Wwith the Hoyt posttest

scores, fourth graders haa the highest attitudes toward

arithmetic and the sixth graders had the lowest. Sex
ditferences were tound on the semantic differential scale
only. Malcolm submitted these conclusions:

1. Attitudes do decline as one proceeds through school.

2. The later (elementary) grades; i.e., grades tive to six
and grades six to seven, appear to be important in
attitude formation.

3. Girls tend to register more negative attitude change
than boys across the grades.

Malcolm concluded his study with a recommendation ftor

Llongitudinal stuales aealing with the 1dentiricacion ot

tactors intluencing attitude formation.

As 1f in response to Malcolm's recommendation,

Shaughnessy, haladyna and Shaughnessy (1983) conducted a

stuay on ftactors that influence attitude toward mathematics.

Admitting that "poor attitudes may be behind a decreased
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enrollment in advanced mathematics classes in high school,

especlally on the part of temales", Shaughnessy et al.

examined the relations of student, teacher, ana learning
environment variables to attitude toward mathematics. They
argued that attitude studies need not be designed in
relationship with achievement all the time. They asserted,

"lmprovement of student attitude has been regarded as a

valuable end product in and of itselt",

In the study, the research questions examinea were:

l. To what extent do student, teacher, and learning
environment variables of both types (exogenous and
endogenous) account ilor the variance of a measure ot
students’ attitude toward mathematics?

2. Are these patterns consistent across three aitferent
grade levels?

3. 1s gender a significant variable in the study of these
relationships?

Grades tour, seven, and nine students participated in this

stuay. 'lhe aspects or attective coumponents measured

included student motivation, teacher quality, social-psycho-
logical aspects, management and organization, and attituaes
toward mathematics. In the attitude toward mathematics
questionnaire, items included the composite question:

"How do you teel...

1. when it is time for mathematics?

4. during mathematics?

3. when mathematics is over?



43

4. 1f you knew you would never go to mathematics again?

Shaughnessy et al. submitted the tollowing conclusions:

1. kExogenous student variables (e.g. gender and
socioeconomlic status) showed little direct relationship

to attitude.

[

Endogenous student variables (e.g. teacher quality and
clLass conesiveness) showed consistentiy notable
correlations with attitudes toward mathematics.

3. FPkatalism (students' perception of their ability to
attect school success), and teacher quality indicated
the strongest relationships toward attituaes across all
three pgoal levels.

4. The strength ot tatalism grows steadily with grade
level, and 1t is higher for giris than tor boys.

5. The teacher quality etrtect 1s higher for giris in graae
level seven, but reversely true in grade level nine.

Shaughnessy et al. concluded their study with some

implications for mathematics education., rirst, there is a

need 1tor good teacher quality in order to enhance more

positive attitudes toward mathematics. Thus, attention is
called to more comprehensive mathematics teacher education
programs. Second, stuadent, teacher, ana learning
environment variables are importantly related to mathematics
attitude. 'lhese variables mnust pe adequately recognized and
taken into consideration in mathematics staft development.

Third, wmore 1nvestigation on student tatalism 1s neeaed.

lThere seems to be a signiticant correlation between a
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student's perception ot his ability to atrect his school
success and his attitude towara mathematics., Wwhile this
relationship aoes not necessarily imply causality, more
knowledge about its strength is desirable,

Thus, from studies by Malcolm (1971), Shaughnessy et
al., (1983), and by others, Knaupp (1973), Ekpstein (1981),
Shaughnessy et al. (1982), and Suydam and weaver (1975),
research evidence abounds that tend to suggest that
achievement is not the only variable positively related to
attitude toward mathematics. Suydam and wWeaver (1975) made
the rollowing ubservation with respect to elementary school
stuales:

There is no consistent boay oI research evidence

to support the popular believ tnat there 1s a sig-

niticant positive relationship between pupll atti-

tudes toward wathewatics and pupil achievement in
wathematics...We have little researcnh basis tor
believing that these two things are causally

related (p. 1-3).

Callahan and Glennon (1975) are also in agreement with
Suydam ana weaver. Also reviewing elementary school stuadies
tor the same age, they conclude that the state of the art
"makes it ditticult to present compelling research
evidence...that positive attitudes play an important role in
contributing to mathematics achievement" (p. 8U). Aiken
(1976) argues that "when attitudes scores are used as
predictors of achievement in mathematics, a low but
significant positive correlation is usually found" (p. 2Y5)
at the elementary, secondary, college ungergraduate ana

postgraduate levels.



45

The above studies seem to deeumphasize positive
relationships between attitude and achievement, Uther
stuaies by Anttonen (1%69%), Mmalcolm (1971) and worman (1977)
report a decline in attituges occurring with grade level,
However, other equally wvalid studies, Fennema (1Y81) in
particular, have reported opposite findings.

Fennema (1Y77) suggests that part ot the contradictory
cénclusions can be explained by the age of the subjects
being considered in the reviews. Iwo reviews, Suydam and
weaver (1975), and Callahan and Glennon (1975), were
concerned basically with chilldrern in graaes one through six.
Problems of assessing attitude in these grades have not been
adaressed adequately and lack ot carerully designeq
measuring instruments may have caused reviewers to seriously
question any signiticant diiferences reported, Aiken, in
his 1976 review, was concerned with a much broader age
spectrum, kven while recognizing the serious problems
connected with the studies of young children, he was willing
to accept the evidence as having some validity because the
results coincided with studies having older subjects.

Fennema (19Y77) summarized the conclusions most orten
reported in the literature, but which are now being 8
contended; - !

1. There is a positive relationship between :

attitude and achievement which seews to in-
crease as learners progress in scinool,

Z. Attituges toward wathematics dare rairly

stable - particularly atter about the sixth
grade, although oune longitudinal study showed

a marked decrease from 6th to 12th grade
(Antonnen, 190Y). |
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3. Lbrades b-8 seem to be c¢ritical in the develop-
ment cof attitudes.

4, Extremely positive or negative attitudes appeadr
to be becrter predictors ot achievement than more
neutral teelings (p. 104).
Fennema indicates there is a tiftch conclusion related
to sex difterences in attitudes toward mathematics which

will be discussed in the succeeding paragraphs.

Sex Difrerences in Atritudes Towaru Mathematics

Although it was not explicitly euphasized in the works
of Malcolwm (1971), and Shaughnessy et al. (19Y33) reviewed
earlier, sex ditferences were 1ndicatea in attitudes toward
wathematics,

On the whole Fennema (1977) concludes that "there are
sex-related differences in attitudes toward mathewatics
(p. 104)." But, even though there is consensus that
sex-relateud dirfterences in mwathematics attitude exist, the
magnitude and speciric dimensions or these ditferences are
unclear, although denoting some studies which tailed to
find significant sex differences in attitudes and
achievement in mathematics, Aiken (1Y76) indicates that
"differences in both attitudes and achievement in
mathematics are trequently found to favor boys over girls at
junior-high lLevel and beyond" (p. 296). With regara to sex
ditterences in attitudes, Suydam ana Weaver (1Y7>) yuote
studies with contradictory results anad say that in other
studies no significant sex-related ditrerences were found,.

Aiken (1976) states that the correlation between attitude
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and dachievement varies not only with grade level but also
with the sex ot the student and is generally somewhat higher
tor girls than ror boys.

Basic agreement with the conclusion that signifticant
ditterences in attitudes are frequently tfound to favor males
over females, was reported in the Fennema and Sherman study
(1¥#47, 197b) with learners in grades six through eleven. It
has also been reported that mathematics test anxiety 1s
signiricancly higher ror eight grade girls than tor eighth
grade boys (Szetela, 1973). linally, Ben-Haim (1Y62) sums
up these investigations with this quote from Aiken (1976).
This is a summary of some tentative rindings oi these kinds
ot investigations in wathematics educdtion:

1. Modern mathematics programs do not iumprove
attitudes wure than traditional programs.

2. Lompared to regular classes, "continuous
progress" classes do not have a aliterent
erfect on attitudes towaru watnewatics,

3. biscovery metnods are not superlior to
expository methods in tneir erfects on
dattitudes toward mathematics.

4. heither reollow-up instruction nor tlexible
scheduling 1mproves attitudes more than
traditional instruction.

9. An indivigual approach to instruction in
elementary and junior high mathematics
sometimes has a more positive efrect on
attitude than a traditional approach; other
times no ditfterence in the etfects or the
two types of programs is round.

b. Certain units or topics in mathematics have a
more positive or a more negative errect on at-
titudes than other units or topics (p. 3UU=-301).

Contemporary Lontroversy Reparding Sex bLirferences

A number of studies have identified sex ditterences in

mathematics achievement (Fklanagan et al., 1964; NALF, 1975;
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Wilson, 1972, Glemente, 1Y82; Benbow and Staniey, 1950).
Other stuaies challenge the notion ana argue that recent
studies tend to prove otherwise (Senk &« Usiskin, 1982;
Fennema, 1982; aArmstrong, 1981; and Becker, 198i1). Salient
among the proponents of the existence of sex differences in
mathematics achievement are Benbow and Stanley (1930) who
becamne strong proponents as & result of 4 controlled
longitudinal study involving high achieving boys and girls.
They conclude tne tollowing on tinding signifticant
difterences in favour ot boys:

It is theretore obvious that differential course-

taking 1n mathematics cannot alone explain the

sex ditferences we observed...S5ex ditterences in

achievenent in and attitude toward mathematics

result trom superiovr male mathematical ability.

'fhus Benpow and Stanley tend to advocate that boys naturally
do better in mathematics than girls. The above study was
conducted to investigate bennema's assertion (tennema, 1972%)
that any sex ditferences in mathematics achievewment are oue
to difterential course-taking, especially at high school
level, since sex differences are not apparent prior to high
school.

In another study on mathematics achievement invelving
general and high achieving boys and girls, Senk and Usiskin
(1982) report trindings quite contradictory to those ot
penbow and Stanley. In their extensive investigation of sex
difterences in achievement in geometry prcoi, Senk and
Usiskin report that the wore an instrument directly measures

d student's formal educational experiences in mathematics,
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the less the likelihood or sex diftterences. ‘'They concede
that boys pertorm better than girls in tests or problen
solving, counsumer applications and the Scholastic Aptitude
Test-Measure (SAT-bM). however, they insist that these are
not a measure of students' formal educational experiences in
which mathewmatical ability should be tested, but a measure
of students' experiences outside classroom mathematics.
Hence, boys tend to out-perform girls in those tagks because
they tend to have more experiences than girls in those
tasks. Thus, Senk ana Usiskin continue their argument that
achievement in geometry proo:t is dachievement in cowplex ana
high lLevel cognitive reasoning. Seuk and usiskin (1%»2)
conclude:

Uur results with proof, together with our analysis

ot other studies, lead us to believe that boys and

girls are ot equal mathematical ability...Wwe have

tound that when male and temale students are tested

on geometry proof, a nigh level cognitive task with

spatial requiremgnts that is encounterea alumost

exclusively in the classroom, no sex ditrerences

in pertormance exist. Our results hola for both our

national sample of mixed ability students and tor

select high-scoring samples...Girls and boys pertorw

equally well.

There is therefore some controversy as to the existence

of sex dirrerences in mathematics achievement,

lhere appears Lo be a good deal oi support and
agreewent 1n the lLiterature that the development or the
probability concept in children does proceed in stages in

accord with the theory ot Piaget. however, there is
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considerable aisagreewent among investigators as to which
probability concepts are actually known by children, and at
what age levels, However, most ot them are in tavour or the
introduction ot probability in elementary school
mathematics. Qurriculum innovators in probability tend to
suggest that the child's level of probability development,
teacher quality, and certain probabilistic errors are the
major concerns in any probability instruction. G:agﬁ_lauel

difrerences exist in probability achievement but sex diftte

. —— -
R

ences are rare. There 1s no consensus in the literature

—— T
with respect to the nature of sex dirterences in mathewatics

achievemept and attitudes. Resuiis are conrlicting., bkhile
some researchers argue that achievewent difterences are
~innate and unchangeable, others insist they are environ-
mwental and correctable with appropriate instructional pro-

cedures, There is also some disagreement in the literature

with respect to mathematics attitude change with grade

e

level. While many assert these attitudes are developed
early and decline with grade leveli, others submit that
mathematics attitudes increase with grade level. It is thus
apparent that more research is needec on these issues that
have so wuch implication on mathematics education. gEven
when agreewent exists with respect to existence ot
gitterences, it is adesirable tou know the extent of these

ditterences, ;

Finally, the present study will compare achleveuents in

probabilistic skills and attitudes to watchematics ang
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probability activities uacross settings. An uncerlyiug
assumption is that students from urban, suburban and rural
areas ditter in socio-economic status and background. One
vbjective is tou investigate how differences in setting
atfect achievement in and attitudes toward wathematics and
probability activities. Studies on attitudes toward and
achievement in mathematics, in which setting is one of the
indepenaent variables, are hard to come by. In the only
similar study available to this investigator, the efrects ot
race, sex, and grade level on change in mathematics
achievement were investigated. In that study, ﬁgigmilzi])

concluded that grade level, when used with sex, race and

teaching methoa, signiticantly contributed to the preaiction

i

of change in student attitudes toward and achievement in
mathematics, The next chapter gives a detailed description

of the procedures tollowed in this investigatioen.,
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METHODULOGY

Introduction

In this chapter a detailed description of the
probability intervention is presented. Also included are
descriptions ot the population and sauple, the procedure and
data c¢ollection, the instrumentation oi the stuay, the
hypotheses to be tested and the statistical design of the
study. A summary ot these aspects of tne study concludes

the chapter.

The khilosophy of MGMP haterials

Wiith the major goal of developing units of high quality
mathewatics curriculum tor middle grades students, the MGMP
stait developed tour mathematics units. Among these is the
unit entitled rrobability, which is the focus ot this study.
The other three MuMY units are callea tactors and hultiples,
Spatial Visualization and Simillarity.

Utilizing an instructionai mouel developed by Shroyer
and Fitzgeralce (19Y79%), hGMP attempts to help stuuents

22
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develop a deep, lasﬁing understanding of the mathematical
concepts and strategies studied. The model consists of
three phases: launching, exploring, and sumwarizing
(Appendix A), and clearly describes what is expected from
the teacher and students during each instructional phase in
this way:

During the Launching the teacher tollows the
script very clusely posing the questions and
challenges in the sequence they are intended and
presented. This sequence allows each student to
be engaged in the task at his/her appropriate
level with some degree of success.

Atter the major challenge has been posed,
the class can begin working individually or in
small groups. The teacher can tlouat around the
class to keep abreast ot developments. Some
children will need additional help beginning the
task as one presentation of the challenge is otten
not sufficient. Other children will need help
maintaining progress toward the challenge, The
teacher may spot errors the students have made and
help the children correct their error. Still
other children will finish the task ana will need
to be presented with an eXtra challenge to keep
them working productively.

Such & work period will resuit in the chila-
ren being wore dirierent trom each other than
betore. while all chilaren have wmaade progress,
some nave uade wuch more than cothers. ‘This 1is as
it should be.

However, it is desirable to bring the class
together again to summarize the results or the
activity. The orderly tabulation of resuits will
allow children to recognize patterns and generate
rules. Again, one should expect great ditterences
among the chiidren, but all can profit from & dis-
cussion or the generalizations which might surface
trom the group (Fitzgerald and Shroyer, 1979),

Simply put, the model is designed to present important,
related mathematical concepts to children, using activity-
oriented lLessons. Ghildren are provided with manipulative

experiences and multiple embodiments.
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A detalled instructional guide is provided to enhance:
easy implementation of the teaching model described, 1t was
developea to provide speclric suggestions tor important
questions to be asked at appropriate stages of the
|
activities. Additional gquestions which involve :
generalizations and further challenges tor high ability

students are also included.

The Probuability Unit

The probability instructional material used in this
investigation was rirst developed during the 1%81/82 school
year by the stafi of the hiddle trades Mathematics Project
(MGMP), Department of Mathematics, Michigan State
University, East Lansing, Michigan.

The MGy is a curriculum developument project jointly
tunaed by the National Science Foundation-bLevelopwment in
Science hkducation (INSk-bLISEK) and hichiigan State University

(MSU) .

Pilot Testing _

Before the Probability Unit was implemented for the
purpose oif this stuay, it had been through several phases ot
pilot testing and modification. Une ot the later stages of
pilot testing took place in Summer 19Y8Z when the MGMF statt
taught the unit to rorty widdle grade students. ight

artiliated miadle schogl teachers participated in this
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col
summer teaching institute, The attiliated teachers observed
the classes taught by the staft. With suggestions and
criticisms from these teachers, the MGMP probability unit
was modified. This modified version was retested as schools
recpened in September 1982. At this time, it was taught in
one school (which later aid not participate in this study)
by one ot the teachers who had watched the sunmer | |

demonstration. PMinor changes were made in the unit in

preparation ror the present study.

The Probability Unit activities :

|
The Probability Unit includes ten sequentially

developed activities requiring about three weeks of
instructional time. 1lhe activities of the unit include the
following: State lottery, three activities on tair and
untair games, surveys, area models, expected value,
newspapers pay, Jounesville ramilies and Pascal's Triangle.
The tirst five of these activities strictly involve
determining probabiiities or independent events. These are
probabilistic conditions in which the outcome ot one event
does not depend on another. Simple examples ot independent
events are observed in the repeated tossing ot a die or
coins. The remaining five acitivites deal with compound
events {(for example the probability ot a 6U% tree throw
shooter in basketball hitting two in a row) and binomiai

probabilities.
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The unit assumes that the students are being exposea to
probability instructions ftor the first time. Hence in the
first activity, the detinition of probability as a fraction
or ratio is given as tollows:

The probability that an event A will happen is the
nunber of times A occurs divided by the total number ot
possible events. That is,

r(a) = nunber ot A

total numper oI outcomes

Activities two to tour introduce the preobabiliistic
thinking involved in deciding it a game is trair or untair.
Flaying tair and untair games in pairs, the students are
introduced tov experimental ana thecretical probability.
Simple tree diagrams are also used to explain theoretical
probability. btudents are introducea to various ways ot
conceptualizing probabilities rather than given an abstract
detinition. ‘'Through such experimental approaches as coin
and die tossing, ano spinner activities, students have
experiences both with fractions 4nd decimals, and with
identitying a relationship between geometry and probabilicy.
For example through the use ot spinners as an experimental
tool (activity 4), area mnodels (activity 6, 7) stuaents are
exposed to such concepis as circles and angles, rectaugles
and squares.

Activity 5 exposes the students to experimental

probability through useful and practical survey activities,
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bxamples of surveys introduced are trariic patterns, weather
predictions, political voting and rating.

Dividing geometrical shapes, especially squares and
circles, into equal units of area, and calculating
probabilities trom these areas, are the tocus ot Activity 6.

In Activities 7 and ¢, the use ot probabilities to make
predictions, and calculate expected values are introduced.
Area models are also used to analyze compouna situations.

ln Activity ¥, students are given an opportunity to
plan a siwmulation of a problem, to carry out the simulation,
tc analyze the probliem theoretically and to compare the
results,

The last two activities, ¥ and 11U, veal with binomial
probabilities., Students are introduced to the calculation
ot probabilities involving dichotomous situations in which
two, and only two, possible responses exist at a time.
Examples are yes or ne, boy wr girl, true or false, heaus or
tails events.

Activity 9 introduces these concepts through a "boy or
girl" activity, entitled Jonesville families. Activity lu,
with the introduction ot the Pascal's ‘I'riangle, leads the
students to understana and appreciale the theoretical basis
ot aichotumous probabilities.

fach activity is tollowea by practice questions. Also
at the ena ot the probability unlt are rourteen coupre-
hensive review problems on all the activities in the entire

package.



LY.

Appendix B contains the test used to evaluate student

pertormance on the unit.

Population and Sample

The subjects of the study are grade six, seven and
eight students rrom slx difrerent schools, situated 1in tnree
distinct sites, two schools per site. OUne ot these schools
is an elementary school, three are midale schools anu two
are junior high schools. The three sites are categorized
into urban, suburban and rural settings and are respectively
reterred to as site 1, site 2 and site 3 throughout this
study.

bite 1 comprises two inner city schools. OUne ot these
is a junior hign school situated in Pontiac, Michigan. The
other 1s an elementary scnool in the inner city of Lansing,
the state capital or Michigan. Thelr aistance apart not
withstanding (about 80 miles), these two schools are similar
in socioveconomic, racial and demougraphlc distributions. ‘The
Lansing aistrict demographic data tor 1980-81 shows b5
percent white, Z3 percent black, and 10 percent Latino, 'Lhe
site 1 Lansing inner city school demographic data ror the
same yedar shows bSb percent white, 17 percent Black, and 23
percent Latino. These distributions are présumed stable
till the time ol this stuay, bite Z, the suburban site,
comprises one midale school and one junior high school.
Though about tirteen miles apart, both are schools situatea

in metropolitan Lansing, Michigan, and are also similar in



gocial, economic and racial characteristics. G(nildren
attending these schools come from upper-micddle clasg'
populations. These site 2 schools are situated in a
predominantly white domain. Site 3, the urpan site, also
comprises two schools, a middle school and a junior high
school. These schools are situated in rural areas in the
suburbs of Lansing and serve middle c¢lass, predominantly
White communities. In each of these three sites, several
sixth, seventh and eight grade classes participated in the
study. However, not all sixth, seventh, or eighth grade
classes in each site participated in the study., | |

The entire sample comprised about 1460 boys and girls.
These students were from bbb classes taught by 3U ditrterent
teachers. Some teachers taught more than one ciass, and a
tew taught classes in more than one grade level. i

Tables 3.1 and 3.z show descriptive information on the
subjects, Tlable 3.1 shouws the distribution of the entire
sample by grade level (six through eight) and by sex in each
of the three sites, Table 3.2 shows the distributions ot
each site by the number otf students, number ot classes,
number of teachers and by the average number of students per
class. | ' !

From the two tables presented, the intormationlshows
that a large nuuber of subjects were involveg in each site
in the study. Any ditterences observed were therefgre

pressumably due to factors other than the size oL the

gample. !
|
|
|



TABLE 3.1

DISTRIBUTION OF THE WwhULk SAMPLE BY GRADE AND BY SkX IN EACH SITE

Site 1 Site 7 Site 3

09

b N N iN N N N N N N N

K

Classes Boys Girls Total Classes Boys Girls Total {lasses Boys Giris Total

Grade 6 b 76 73 149 15 v 178 34U b 70 63 133
Grade 7 7 0o 72 138 b 53 48 101 6 b3 /3 140
Graae & 7 74 683 157 Y 10% 73 180 b 57 51 108
lotal U 216 2725 444 3u 317 304 w2i 10 192 18%  Hsol
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TABLE 3.2

LISTKRIBUTIGN OF THE WhUOLE SAMPLE BY SUBJECT
BY CLASS BY ThAChEK BY SUBJECT AND CLASS

N2 gD Ny € Ng/9

Site 1 G4l 20 [ 22
Grade 6 149 b 6 25
urade 7 138 7 3 20
Grade d 157 7 3 22
Site Z b2l 30 11 21
Grade 6 340 15 ] 23
Grage 7 101 o) 2 17
Grade & 15U Y 3 2U
Site 3 381 1o 13 25
Graae 6 153 5 5 27
Grade 7 140 ) b 25
Grade 8 108 5 2 22
All T440 b 36% Z4
Grade b 02l 26 17 20
Grade 7 379 19 11 21
Grade 8 445 21 8 22

4 Ng-Number of subjects

b Ne-Number of classes

3 Nyp-Numkber of leachers

"

Ngj(~Average number of subjects per class
to the nearest wnole w.
Teachers who taught two grade levels were
counted twlce.

teachers.

A total ot 3V distincet
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Instrumencation

The instruments used in this study were two semantic
dirferential attitude scales and a pertormance test on
probability ability. The two attitude scales were called
the Mathematics Attitude Scale (MAS) and the Probability
Attitude Scale (FAS). Throughout the stuay thése two
attitude scales are reterred to as MAS ana PAS, while the
performance test iustrument is called the Miudle Grades

Mathematics Project Frobapility Test (MGrPPT).

Attitudes

The instrument to measure student attitudes toward
mathewmatics, MAS, was developed by sShumway and wWhite (1981).
The same instrument was used in this study to measure the
subjects' attitudes toward the probability activities
treateda in the instruction. The mA5S was administered as a
pretest while both the MAS ahd PAS were dduinistered as
posttest attitude measures, The hathematics Attitudes Scale
and tne Probability Attitude bcales appear in Apendix U,
both scales are a six-item semantic ditfterential with tive
options each. The scales were scored by assigning scores ot
5 through 1 to the subject responses. 5 and 1 signitied the
most ravorable and least ravorable response respectively,
while the in between responses were accordingly scored 4, 3

and 2., The average, which marke¢ the subject's attitude,
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the subject's attitude, was then calculated on an attitude
score of a maximum or 5 and a minimum or 1. - |

According to Shumway and White (1981), the internal
consistency reliability estimates ftor the MAS ranged rrom
U.82 to U.92. In this study, this MAS will be used with all
the subjects and the Cronbach o reliability estimates will
be computed by sex, by grade level and by site, é |

In a study in which these attitude scales weré used,
Ben-Haim (1982) contirmed the reliability of the
instruments. DBen-Haim computed Cronbachr @« reliabilicy
estimates for the MAS and these estimates ranged from U.?9
to U.¥1 in each site, by time, by graae and by sex., For the
Pearson Correlation coefticients between the pretest and
posttest scores on the MAS, Ben-haim also founa these to
range from 0.64 to U.82 which was significantly high
(P < 0.01).

The stability ot the khathematics Attitude Scale
instrument was supported by the nigh correlation between the
pre~ and post-administration ot the instrument. In this |
stuay, the Pearson correlation coefricients between the math
attitudes pretest and posttest (a time periva or about three
to Lour weeks) ranged mostly from 0.60 to U.76. Tables C.1
to C.6 Appendix C contain the Pearson correlation
coelficients between the pretest and posttest scores on the
tlath Attitude Scale, tor the entire subsample per site by
grade by seXx. [lust of the correlations were signitficant

(P < .01).
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The Cronbach o reitiability coefticients tor the
Prbbability Attitude Scale in this investigation, ranged
from V.80 to U.8%, Table 3.3 contains the reliability
coefticients of the Probability Attitudes Scale tor the

post testing by site by grade by sex.

Measuring Probability Knowledge

0

The subject performance in probability was.measﬁred by
the Middle Grades tathematics Project Frobability Test
(MGMPPT) . 'This test was aeveloped by the MGMP staft,
including this investigator, in the Mathematics Department
ot Michigan State ULniversity, The test was pilot tested
with hundreas oif middle grades boys and girls in the Lansing
area during development. Its final torm contains 25
multiple choice items with 5 options each. bBetore
adninistering the test, the teacher was instructed to
discuss the two sampie ltews on the sample sheet that
preceded the test. This writer ana members ot the project
statft supervised the teachers to ensure that each teacher
caretully tollow the instructions provided for the
administration ot the test, The same propability test was
given tor both the pretest and posttest measures, keeping
all the testing conditions as wmuch the same as possible. The
test was not timed but the average time taken during the
pilot trials was about twenty-rive minutes. ‘The time Llapse
between the pretest and posttest was three to tour weeks.
This varied slightly trow school to schooi. 'the items were
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TABLE 3.3

RELIABILITY COEFFICLENTIS-CKONBACH o FUK MGMP FT,
MAS AND FAS BY SITE BY Timk BY GRAUE bY SEA

pré masb PASC
PRETEST POSTTEST FPRETEST POSTTREST
N
Site 1
Grade 6 14Y .08 ;67 o4 B3 .80
Grade 7/ 139 o b ] 81 W83 B2 32
LGrade 8 157 oh D 02 sl 8 LO4 B4
Total 435 .70 7Y O B3 82
boys 217 .13 .80 LU .BU 82
Girls L28 .bb « 72 .53 L8 .83
Site 2
Grade 6 340 .08 14 o835 x-1¢) .80
LGrade 7/ 1Ul D 83 bo 00 . 0Y
Graage 3 18U b/ 223 B4 .89 50
Total 621 .09 L) £ 00 .88 .07
Boys 317 T4 B .50 .8y .88
Girls 300 -2 e, B8Y ot .87
Site 3
Graade o 133 45 s 38 o7 83 04
Lrade 7 150 .99 o /Y .04 .00 . B0
Grade & 109 .58 + 7.9 o 82 83 74
Total 392 .56 « 1 B2 B0 .85
Boys 203 « 94 «13 B2 .80 00
Girls 189 .00 i A LB .80 B4
All
Grade b 022 .61 .71 B3 89 .85
Grade /7 380 .U 83 B4 .30 87
Grade & 444 . /U 77 L83 .86 .00
lotal 1440 .00 » 19 B4 86 o7
BOYS /31 il L oU . B4 .80 .00
uirls 117 afd 0 E .00 .00 .0/

& pl - Probability Test (Range U=-15).
b pAS - Mathematics Attitudes Scale (Range 1-5).
€ FAS - Probability Actitudes bcale (Range i-5).
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scored by assigning 1 point tor each correct item. Thus it
was possible tor each subject to score a total between U and
25 (inclusive)., Appendix b contains the 25 itews that
congtitute the rGMP PT,

The MGMP Probability Test served two purposes. First,
it servead as a measure ot probability knowledge in order to
assess existing ditterences by grade level and by sex prior
to the intervention. Secona, it served as a pretest-
posttest un probability in order to evaluate the eftects ot
instruction in activities involving probability tasks.

The Cronbach o reliability coetfticients calculated for
the MGMP ¢P1 ranged largely between U.65 and U,83. Wwith the
exception oi the value of U.58 ftor site 3 grade 6 pretest,
each ot the 18 Cronbach o reliability coetfticients
calculated for the MGMP PT posttest was well above 0.60.
Tapie 3.3 includes the reliablility coefiicients tor the MGMP
Pl Lor each site, by time by graoe and by sex.

Test validity and reliability were based upon scholarly
analyses of test items by researchers, mathematics educators
and wmathematicians. Another indicator ot the quality or the
instrument was the significantly high correlations between
the pre-post test scores. In this stuuy, the Pearson
correlation ceoerficients rangeda tfrom U.5%3 tev U.76. Tables
C.1 to G.b in Appenuix C contain the Pearson correlation
coefticients on the ®GMF PI scores for each site, by grade
and by sex., Almost all the correiations were significant at

P < .U,
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Procedure and Data Collection

The study was conducted auring Fall 1582 and Winter
1983 and the duration of the data collection was between
October 1982 and January 1Y983. Each teacher gave the
Mathematics Attitude Scale (MAS) and MGHP rProbability Test
on the day prior to the beginning ot the_probability
intervention.,! |

The administration oi the tests was restricted to the
regular wathewmatics nour, The unit had not been taught
previously by any oi the teachers invelved with the unit.
The probability instruction continued through every
mathematics lesson until the completion and administration
ot the two posttests and the Probability Attituce Scale

(PAS).

bata Collection

The tollowing data were collected:

1. General Llnrormation Such information on the subjects

and the schools participating in the study as the size,

type, and setting.

' Due to tactors bevond the control oi the researcher,
each teacher started the instruction from any bMonaay ot
his or her convenience and completed it in tnree to tour

weeks.
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Fretesting FPretest scores on the Mathematics Attitude

Scale and MGMP Probability Test trom the whole sample in
all three sites. I

Ubservations ULuring the instruction in the probability

unit which required about three weeks orf instructional
time, the investigator made some cobservations in many of
the participating classroows. ‘lhe purpose or these
observations was to supervise as well as to document the
progress o the activities. !

Posttesting At the end or the instructional

intervention all subjects were given the Mathematics
Attitude Scale, the Probability Attitude Scale (PAS) anda

the MGNMP Probability Test. -

The Lesign of the Study

Several statistical procedures were selected to analyze

the data collected auring the study., Particular statistics

were chosen to test the hypotheses given in the following

paragraphs. The analyses included the tollouwing: means,

standard deviations, correlations, multivariate and

univariate analyses of variance and repeated measures.

Planned comparisons ana Schette's Post Hoc couparison were

also gelected. All these analyses were carried out on the

3600 Computer at the hMichigan State University Computer

Center, using the Statistical kackage tor the Social

Sciences (SPsS).
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The multivariate model with & two-way fixeu ettects
analysis of variance (MANUVA) was used to assess the
differences in probability knowleage and attitudes towara
mathematics by grade level and sex prior to the i
instruction. !

As describea earlier in this chapter, the populations
of the three sites (1, Z, anad 3) were ditterent in their
characteristics. hence the data from each site was analyzea
separately. For each site, the design was 3 X 2 completely
crossed with two criterion measures and with unequal numbers
ot subjects per cell. 7The multivariate design tor each site
appears in Table 3.4. 'The table shows that the data matrix
is completely crossed since in each site there were three
grade levels (6, 7 and ¥) with boys and girls in each grade
level. The grade level and sex main ertects constituted the
ingependent variables, while the MNGMP probability test andg
attitude scores constituted the vependent variavbles. A
total ot tive wmeasures were taken on eaclh subject. Two ot_
these were administered prior to instruction. These two
were the pretest in probability and pretest in mathematics
attitude. The other three were given immediately atter the
instruction., 'These were the Fosttest in Probabilit; .
(PUSTPTUT), Posttest Mathewmatics Attitude Scale (FUSLMAS)

and the Probability Attitude Scale (PAS).
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TABLE 3.4 !

THE 3 X 2 MULTIVARLIATE CROSSED DESLIGN DATA MATKIX

Indepedent ' Dependent |
Variables Variables |
Graae Sex MGMP P12 Scores masP scores

o) Buys X1 .9
Girls A1 X2

7 Boys X1 Xy
Girls X1 Ay

8 boys X] 9]
Girls X1 Xy

a pMGMP PT - biddle Grades Matnematics Project
Prcbability Test.
b MAS - Mathematics Attitude Scale.
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The hypotheses tested within this design, given 1in null

form, were:

Hpj: There will be no cirterence among the mean scores
ror each ot the three grade levels (six, seven, and
eight) tested, on both the Midale Grades Mathematics
Project Probability Test and on the lhathematics
Attitudes Scale.

Hyy: There will be no ditterence between the mean
scores for boys and for girls in grades six through
eight on both the Middle Grades Mathematics Project
Probability lest and on the Mhathematics Attitude
Scale.

Hp3: There will pe no interaction or grade by sex among
the mean scores for sixth through eighth grade
students on both the middle Grades Mathematics Project
Frobability Test and on the mathematics Attituae
Scale.

For the tests ot signiticance, the assumptions ot
independence and normality were met. In other woras, the
characteristics ot the measures ot all the dependent
variables in the study included the tact that subjects
responded independently of each other, and that any
measurement errors within each proup were normally
distributed with mean zero and general population variance.
Another assumption met was that measures ot the dependent
variable must not be linear tunctions ot one another tor
each subject. For example, in the measure ot each pair ot
dependent variables in this study, not every subject haa the
same subset scores or total score tor both dependent
variables. Also, since the mogel had only six (3 x 2)
subclass medans, and since assumptions oL iLndependence ol

these subclass mneans was met, 1t was permissible to test or

estimate the signiticance ot these six means. nowever,
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because there were only six degrees of treedom among means,

not more than six 1ndependent signiricance estimations was

allowed.

To analyze the eftects ot instruction on the
probability skills, diftterences in probability and attitudes
toward mathematics, by sex and grade level, the Multivariate
Analysls of Repeated lieasures bModel was selected.

The design for the subsample from each site was a
1wo-way six-group design, with four measures per subject,
The design appears in Table 3.5.

The hypotheses tested within this design, given 1in null
Lorm were:
hgy: 'There will be no aitterence between the posttest

means and the pretest means ol sixth, seventh, and
eighth grade students on both the Middle Grade
Mathematics Project Probability Test ana on the
Mathematics Attitudes Scale.

Hps: There will be no aifterence between the mean gain
scores (posttest minus pretest) ror each ot the three
grade levels tested, six, seven, and eight on both the
Middle Grades Mathewatics Froject Probability lest and
on the Mathematics Attitude Scale.

Hpe: There will be no difference between the mean gain
scores (posttest minus pretest) for boys and for girls
in grades six, seven, and eight on the Middle Grades
Mathematics Project Probability Test and on the
Mathematics aAttitude Scale

1o analyze the eitects of instruction on probability, the

multivariate Analysis of Repeated reasures was used. Both

thie Pinn and the SFbBS methods were avallable tor the
repeated measures analysis but the latter was used to Keep

unitormity with the other statistical analyses tested in the

study.



TABLE 3.5

ThHE MULTIVARIATK ANALYSIS OF KLPEATEL MhﬁbUth
DESIGN FOR THE SUBSAMPLE FUR BACH SITE

Grade Sex MGMPEFT Scoresd MaS Scoresb

Pretest Fosttest Prectest Fosttest

b Bovs X1 Xy Y1 Yy
Girls X1 X9 Y1 Y9

7 Bovs X1 X2 Y ¥y
Girls A1 X9 Y1 Yo

8 Boys X1 Ay Y1 Yo
Girls A1 Xy Y1 | Yz.

4 MGMP PT - Middle Grades Mathematics Project Probability
Test,
b mAS - Mathematics Attitude Scale.
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To compare the attitudes toward mathematics and
probability by sex and by grade atter instruction, a Two-Way
ANUVA design was used., The hypotheses tested within this

design tor each site were: ' i

|
Hy7: There will be no ditference between students' mean
scores on the Mathematics Attitude Scale (MAS) ana
students' mean scores on the Probability attitude

Scale (FAS). o :

Hpg: There will be no interacticn ot grade by sex among
the mean c¢literence scoures--MAS score minus PAS
score,

!
A lwo-way ANOVA design was also applied in order to

examine sex and grade level difterences in attitudes toward
probability. 'The nypotheses tested within this design in
each site were: {
Hog: There will be no significant difference between

the wmean scores for boys and for girls in grades six,

seven, and eight on the Probability Attitude Scale.,
H1: There will be no difterence between the mean

scores tur each of the three grade levels (slx, seven

and eight) on the Probability Attitude Scale.

Planned comparisons tor the grade eftect and Schetre's

Post Hoc comparisons were used to ldentity the sources ot
significant main ertects or interactions. The ,U5 level of

signiticance was the limit accepted in testing all the

hypotheses in the study.

Sumary : |

| ’ .
This chapter described in detail the entire research

methoagology of this study. Specitically, the procedures

followed in the investigation of probability knowledge and
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attitudes toward mathematics per site Dy sex ana by grade
level were presented.

This chapter also describeda in detail the population
and sample ot tne study 1incluaing the distribution by bite
(1, 2, and 3), by grade level (6, 7, and 8). The unit ot
analysis chosen tor the study was the stuaent., From Site 1,
the urban setting, 444 subjects took part. From the
suburban secting, Site 2, 621 subjects participated while
361 subjects took part in the stuay ftrom Site 3, the rural
setting. Of the 1460 subjects involved in the study, 14406
took part consistently in the dgata analyses. ‘Ihe difterence
or 14, which was highly insigniticanc, was due to random
omission. ‘'Lhere were 022 sixth graders, 379 seventh
graders, 445 eighth graders, 745 boys and 721 girls who took
part in the entire study.

Also described in this chapter was the Mhiddle Grades
Mathematics Project (uGriP) Probability unit which consti-
tuted the instructional intervention ot tne study. The
sequence ot activities and the instructional nocel were
described. The instrumentation included two semantic dir-
terential scales (MAS and PAS) for measuring attitudes to-
wara mathematics and toward probability. It also included
the MGMP probability test ftor measuring the probability per-
tormance of the subjects. Reported reliability coetticients
tor the two actitude scales ranged irom .80 to .8Y, while
those of the probability test ranged trom .54 to .83 except

tor tne .45 tor site 3 grade b. The Pearson correlation
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coetticients between successive administration of the
instruments were reported to be mostly significant at
P < .01, -

The statistical design, hypotheses and methoas ot
analyses were presented. These included means, standard
deviations, correlations, univariate ana multivariate
analysis of variance, and repeated measures, planned
comparisons, and Shefte's Post Hoc comparisons for
gignificance. The signiricance level chosen was at least
.05 for all hypotheses.

Results obtained from the ditferent analyses ﬁnd their
interpretation are presented and discussed in the next

chapter.



CHAPTEK 1V

PRKESENTATION AND ANALYSLS UF DATA

This chapter presents a summary of the data collected

during this investigatiun, the analysis of data, and find-

ings based on this analysis. Lt consists of seven sections:

1.

Sex and Grade ievel difterences in probability
pertormance and in attitudes toward wathematics
Comparison of results trow the three sites. i

1he erfects of instruction,

Comparison of errects oif instruction awong tnelthree
sites, |
Comparison ot attitudes toward mathematics with
attitudes toward probability.

Sex and grade level differences in attitudes toward
probability.

The chapter concludes with a summary of results,

Sex and Grade Level Dirfrerences in brobabllity Knowleope and

in Attitudes ‘toward Mathematics

For the data for Site 1, Site 2 and Site 3, the

multivariate model with a 'lwo-Way tixed ettrect analysis or

variance (MANUVA) was used tuv deterwmine dittererices in

17
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probabllity knowledge and in attitudes toward mathematics by
grade level and by sex prior toc the intervention. As
explained earlier (Chapter 3), the data trom each ;ite.ﬁés
danalyzed separately since the populations trom the three
gsites were ditferent in their characteristics, |

The analysis tor each site includes the hypotﬂeses to
be tested, means and standard deviations, proiiles by graae
and by sex lLor each weasure, a summary table of multivariace
and univariate analysis ol variance, results ot post hoc
comparisons, and the results of the signiticance tests ror
each null hypothesis. 'The level of signiticance itor each

test was (P < .05) and the design was 3 x 2 crossed with two

criterion measures.

Site 1: The Urban Site

The multivariate null hypotheses tested within this

design were: !
Hpy: There will be no aifference between the mean

scores ot the three grade levels (o, 7 and §) tested,
on both the LGMF Probabiiity Test and on the :
Mathematics Attitude Scale.

Hgy: 1There will be no difference between the mean
scores tor boys and tor girls in grades six, seven ana
eight on voth the MGMP Probability Test and on the
Mathematics Attitude Scale. |

Hp4: 1There will be no interaction of grade by sex
between the mean scores Iror sixth, seventh and eighch
grade students, on both the MGMP Probability Test and
on the Mhathematlcs Attitude bScale,
Table 4.1 provides means and standara deviations for
the riddle Grades Mathematics Project Probability lest

{(MsMPPL) and the Mathematics Attitude Scale ([AS) scores ror
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TABLE 4.1

MEANS AND STANDARD DEVIATIONS OF MGIP F1 AND MAS PRETEST
SCUKES FOKR SITh 1 BY GRADE AND bY Shka

MGMP PLE MASD
Graae I I Sal. ki b.U.,
trade b6 149 6.03 3.44 3.607 Y47
Boys 76 b.Y7 4.U4 3.568 Y04
Girls 73 0.27 Z.b5 3.b48 934
Grade / 136 7462 3.30 3e457 «920
Boys 66 745 3,25 3.548 /1
Girls 72 7476 3«35 3,373 Y02
Lrade 8 157 792 4.09 3.462 15
bBoys 74 8.lv 4.20 3532 o0/
Girls b3 /.70 3.9 3.400 040
Total 4 71+39 3.67 3.909 0906
Boys 216 7+53 3.8Y 3.549 00U
Girls 216 7027 3.40 3.471 AR

4 mGMP PT - Midale Grade athematics Project Frobability
Test (Range U-45).,
b MAS - Mathematics Attitude Scale (Range 1-5).
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site 1 by grade and by sex. ‘The mean scores trom this table
were usea in the protiles shown in Figures 4.1 anag 4.2 tor
grade levels by sex for both the luMP YT and kAS measures.
The same means in Table &4.)1 were also used in tigures 4.1
and 4.2 to display the sex by grace level protiles tor the
same two wmedsures,

A summary ot the Multivariate and Univariate analysis
of variance tor the 3 x £ crossed design tor this site is
presented in Table 4.2. The multivariate test indicated
that the grade by sex interaction and sex main eftects were
not signitficant pbut were signiticant ior the grade level
main effect (P < .09). The univariate tests showed the
signiticance to be confined to the pretest probability test
(PRLPLUT) scores, and not to the pretest attitude scale
(PREMAS) scores. This means that in Site 1, there was no
signiticant aiitrerence awong graaes 6, 7 and $ in attitudes
toward mathematics priocr to instruction.

In order to deterwine in which ot the three grade
levels significant adifrerences occured in the rGHP
Probability test scores prior to instruction, oschette's bost |
Hoc tests were used. As can be observed in table 4.Z and
contirmed statistically with the Post Hoc tests, the
significant grade level ditfferences in the PREPIUT was
contined tc between sixth and seventh graders ana not
between seventh and eighth graders. Loth the proriles ot
grade levels in Figure 4.1 aad the mean PREPTUL scores in

Table 4.1 indicate a difference on the side ot seventh
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TABLE 4.2

A SUMMARY OF MULTIVAKIATE AND UNIVAKRIATE ANALYSIS OF VAKIANCE FOR

THE 3 x 2 DESLIGN

FOR SITE 1

Source ot _ Multivariated lnivariate
variation b.F. F P< S I F<
constant (L) 1 3907.11 U001 PREFTUTD 26274.98 1829.14 LUUUI
PREMASC 2467 .04 u810.00 Juul
Graae (G) Y
G119 (1) 4.35 013 PrisPTOT 73.07 5.55 LUly
PREMAD 1.0/ Z.UY A 4Y
Gy € (H) 2.98 052 FREPTUT b3.33 4.77 LUzy
PREMAS 4YY 623 <430
Sex 1 .59 516 PREPTOT 9,860 . 143 .38Y
FRENMAS LoU/U Y 302
G by Sex 2 ARV T FREPTOT 1u.18 /67 4bD
FREMAS 24.71 .85 L42b
Between Groups b PKEPTOT (MSe) = 13.271
within Group 4385 PREMAS (kMSe) = 802
Total 4b4
& pultivariate L.F, = 2 and 437, except for the Grade by Sex interactions tor which

neco

L.F. = 4 and 74,
PREPIUY - Pretest Probability lest,

PREMAS - Pretest tmathematics Attitude Scale.

Gy - Contrast of Grade 6 vs. Grade 7.

Gy - Contrast of Grade 8 vs. Grades 6 and /.

£R
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graders. Appendix E (lable E.1) includes the summary table
0of Schette's posteriori comparisons of the probability
pretest means for boys and for girls in graage levels six and
seven, These comparisons were found to be statistically

|
different in favour of grade level seven girls over grade
level six girls at .05 level. However, an examination or
the two means showed a aitterence o only 1.5U. Hence this
statistical airrerence was detected due to the high
precision lLevel ot the test. In other wourds, because ot the
large sample size used, the test was powertul enough to
detect small aittferences which were not necessarily meaning-
ful. 7Thus, the statistical ditrerence identifrfied not-
withstanding, the grade seven girls were not necessarily
superior to graae six girls in MGMP probability knowledge
prior tc instruction.

To summarize, based on the statistical analysis ot the
data from bdite 1, the rollowing decisions were made with
respect to the hypotheses Hy)-hyy (starting with tine
interaction): i
1. 7The multivariate null hypothesis (hgy) of no

interaction of grade by sex was retained. |

2. The multivariate null hypothesis (Hy,) ot no E
difference between boys and girls in grades six cthrough
eight was also retaineag. i

3. The multivariate null hypothesis (hy1) of no i

difterence between grade levels six through eight was

rejected, %
i
|
|
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The ensuing post hoc contrast between grade levels eight
versus six and seven was not significant, However, the
contrast between grade level six versus seven was
signiticant (P < .U5). The univariate analyses tor these
twe grades tor the MuiMP PT and MAS scores showed that the
statistical significance was limited to the MGMP PL scores
only. Lastly, the Schetfe’'s Post Hoc comparison of the
probability test scores between grade levels six and seven
wasg statistically but not meaningrully signiticant petween

grade six girls versus grade seven giris.

Site 2: '[he Suburvan Site

The same three multivariate mnull hypotheses
(Hg1-Hpy) were tested 1n the analysis ot the aata
from this site.

Table 4.3 presents the weans and standard deviations ot
both the MGMP PT and the A5 criterion measures by grade and
by sex. These means were useu in IFigures 4.3 to 4.5 to
illustrate various protiles tor both criterion measures by
grade level and by sex.

The summary or the Multivariate and Univariate anaiysis
of variance tor the 3 x £ design ot bdite 2 is presented in
lable 4.4 No interaction was tounélot grade by sex but the
multivariate analysis 0f sex and grade main eiflects were
signiticant., 7The test for sex main effects was signiticant
(r < +UUT) and the corresponding univariate test showed ounly

the probability test scores tc be signiticant (P < .UU1).



TABLE 4.3

MEANS ANLU STANDARKD LEVIATIOND UF MGHE PL AL MAS PRETEST
SCORES FUR SITE 2 BY GkabE aANL bY Skix

MGMP PTE MASD
Grade I Ly S.lU. L S.b.
urade 6 340 7.60 3:11 34510 L9006
Boys 162 8.14 3.41 3.422 .930
Glrls 178 7.50 .79 J.290 L8883
Grade 7 101 11.71 3.80 3.400 . 850
boys 53 12.638 4,09 3.582 947
Girls 45 1.0 331 3214 o JU2
Lrade & 180 Y.006 3.05 2.044 +B00
BOYS 102 lu.13 4.02 Z2.013 650
Girls /8 9.05 3.03 Z.03b sbYL
Total 021 8.98 3.7 34236 Y70
boys 317 9.04 4,00 3.10606 990
Girls 304 8.40 3.15 3.265 Y40

a4 MGMP FT - Middle Grade bMathematics Project Probapility
Test (Range U-2)).
P MAS - Mathematics Attitude Scale (1-5).
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TABLE 4.4

SUMMAKY OF HULTIVARIATE AND UWIVAKIATE ANALYSLS UF VAKIANCE FUKR
THE 3 x 2 DESIGN PFOR SITE 2

NG

Source ot Multivariaced Univariate
Variatioun D.F. E ¢< ) k
Lonstant (L) 1 5579.94 00Ul PREFTOTD 50049.32 4419.17 .ULU1
PKEMASC 6501.48 8313.7Y .Quul
Grade (G)¢ 2
G1¢€ (1) 14,29 U001 PREPTOT 1254.90 110.8u LULU1I
FrEMaS 16.U0 1U.54 LUUU
Gy (1) SU.87 .00U1 PREP1UT 2.99 .26 .o07
PREMAD 18 .92 100.92 LUUUI
bex 1 1a 26 vl PREPTUL 151 .23 1335 LUuu3
PREMAS o23 o &Y oYl
L by Sex 2 2.322 US55 PREPTOT 19.20 1.09 184
FREMAS 2.b2 3.01 wULB
petween Groups o PREFIUT (MSe) = 11.7Y
within Group olb PREFAS (Mbe) = LY
Total 02l

4]

hultivariate D.F. = 2 and 614, except tor the Grade by Sex interactions ror which

L.Ft. = 4 ana 1448.

FREPIOT - Pretest Probability ‘lest.

FREMAS - Pretest Mathematics Attitude Scale,

A reordering of the main etfects testing the Grade (L) main etftect before the sex main
ertect resulted in multivariate ¥ values ot 77.26 tor &), and 51.5% ftor Gz and

exactly the same P values as betore,

b1 - CLontrast ot Grade 7 vs. trade o.

Gz - Contrast ot Grade 8 vs. Grades 6 and 7.

=2

e n

T
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Schette's posteriori sex comparisons, presenteq in
aAppendix bk (Table k.Z2) showed no signiticant ditference
between boys and girls in grade six, however, these
comparisons showed seventh and eighth grade boys to be
signiticantly higher (¥ < .05) than the seventh ana eighth
grade girls. The profiles ot grade levels by sex in Fig.
4,3 also verity this. No statistically signiticant sex
ditterences were observed in lAS scores.

For the grade main efrects, both planned comparisons,
grades seven versus grade six ana grade eight versus grades
8ix and seven, were significant (F < .UUU1 ana P < .uul
respectively). The corresponding univariate tests showed
grade seven to be signiticantiy higher tnan prade six in the
probability test (P < .0UU1) but no such aitfterence was
observeu when grade elght was compared Cto grades six and
seven. However, poth Fig. 4.5 and the table w.Z2A in
appendix bk, showing the summary table or the bchette's
posteriori comparisons of grade levels 1or boys and ror
girls i1n the NGMP P, show the mean of grade seven to pe
significantly higher than that or grade eight. The Fost hoc
tests, and the protiles of grade levels by sex in lkig. 4.3,
show the superiority ot grade seven boys and girls over
their corresponding sex 1n grades six and eight 1n the MGMP
P'i. ‘lhe Post Hoc posteriori comparison of grade levels ror
poys and ror girls on the MAS is presented in lable LE.Z2b ot
Appendix bk, mMathematics attitude difterences were not

observed between grade levels six and seven but eighth
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graders signiricantly (P < .Ub) demonstrated lower

mathematics attitudae on the MAS than either the sixth or

seventh graders.

1o summarize, based on the statistical analysis ot the

data from Site 2, the following decisions were made with

respect to hypothesis Hyjy, kg and hygy in that order:

1.

The multivariate null hypothesis (hg3y) of no
interaction ot grade by sex was retained.

The multivariate null hypothesis (Hyy), of no sex
ditterences in each of grades six, seven and eight, was
rejected (F < .0UU1)., The corresponding univariate test
tor the probability test meadn scores was also rejected
(P € .001) while that or the MAS mean scoures was
retained.

The multivariate null hypothesis (Hy1), or nu
ditference among mean scores Lor each oi the three grade
levels six through eight, was rejectea (¥ < .UU1). ‘'the
two planned comparisons, between grade level seven
versus six, and grade levels eight versus six and seven,
were both signiticant (P < .00U1). The corresponding
univariate null hypotheses tfor the MGMP PT mean scores
was rejected for the contrast between grade se;en and
six (P < .U0UY)}, but retained for that between grade
eight versus grades siX and seven. 7The univariate null
hypotheses tor the MAS mean scores was also rejected

(P < .00U1).



Site 3: The Kural Site

Again, the three wultivariate null hypotheses
(Hpi1~Hgy) were tested in the analysis ot the qata |
from this site.

The means ana standard deviations ot both the MGMP FT
anda the MAS criterion weasures are presented in Table 4.5 by
grade and by sex. These means were used in the protiles ot
grade level and of sex in Figures 4.6 and 4.7. :

A summary of the hultivariate and Univariate énalysis
of variance for the 3 x 2 design of site 3 is presented in
lable 4.6. The multivariate analysis showed no interaccion
ot grade by sex, but showed the sex main ettects to be
signitficant (¥ < .01), and the two planned comparisons tor
the grade main effects to be signiticant; (¥ < .0UU1) for
Gy, the contrast o0f grade e¢ight versus grades six and
seven, and (F < .01) tor G], the contrast of grade seven
versus grade six.

The univariate test tor the sex main etiects was
gignificant (¥ < .U1) tor the MGMP FT mean scores but not
significant tor the MAS mean scores. Euploying Schette's
Post Hoc posteriorl comparisons to deterwine in which grade
levels these sex diiferences existed, the ditferences were
observed to be signiticant (F < .Ub) only 4t grade level
six, in tavour oif bLoys. ‘Tlabie L,3 in Appencix b includes a
summary ot these comparisons. i

The univariate tests ror the contrast Gy (grade o
versus grades b and /) were signiticant for poth the kil ri
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TABLE 4.5

MEANS AND STANDAKD DEVIATIONS OF MGMP PL AND MAS PRETEST
SCURES FUR 8ITE 3 BY GRADE AND BY SEX

MGMp PTE MASD
Grade N ¥t S.Ll. M 5ol
Grade 6 133 0.04 2,09 J.45U 752
bBoys 70 Y.26 2.83 Jealy 7506
Girls 63 /.85 2.36 3484 . 752
Grade 7 140 Y.13 3.20 3.207 Loty
bBoys 65 Y.40 3.9¢ 3.177 . 706
Girls 75 8.8Y 5.27 3.233 Y10
Grade ¥ 108 9.94 3.16 3.005 304
bBoys 57 10.27 3.0 2,842 J9UL
Lirls 2] Y.0Y 3.15 Z.1860 Jo4U
Total 381 9.2y 3.03 3.236 510
boys 192 9.60 3.04 3.1006 817
Girls oY 5.79 J.03 3.304 L7147

4 mGMP Pl - Middle Grade Mathematics froject Probability
Test (Range U~-45).
b MAS - Mmathewatics attitude Scale (kange 1-9).



TABLE 4.6

SUMMARY OF MULTIVARIATE ANU UNIVAKIATE ANALYSIS OF VARIANCE FOR
ThE 3 x 2 LESIUN FOR 51Tk 3

Source ot Hultivariated Univariate
Vvariation b.F. r F< St r k<
constant (G} 1 4170.12 . UOUT PKEPLOTD 32262.56 3591.10 .LUUI
¥RELASC 3985.90 0394.71 .Gyl
Grade (G)d 2
G1€ (1) 5.37 LUous FREPTOT 18.79 2,09 14y
PRENMAS .10 0,00 LUIG
Gyt (1) V4,25 . U0U1 FREFTOT 50.29 2.09 LU0Z
PEKEMAS 7.080 12.04 JULU4
Sex 1 6.13 002 PRKEPTOUT bl1.506 b.35 JU0Y
PrEMAS 1.8Y 3.03 LUB3
G by Sex 2 .95 <438 FREPTOT b.3Y 71 G492
PRENAS ./70 1.24 . 289
between Groups b PREFTOT (MSe) = 8.Y94
Within Group 372 FREMAS (PiSe) = Oz
lotal 381
4 multivariate D.F. = 2 and 374, except tor the Grade by Sex interactiomns for which
L.¥. = 4 ang 743,
b rREPIUT - Pretest Probability Tesc.
C rREMAS - Pretest hathematics Attitude Scale.
4 4 reordering of the main efiects testing the Grade (G) main ettect before the sex main
eftect resulted in multivariate F values ot 5.04 tor Gy, and 14.57 for Gy and
exactly the same I values as berore,
E G1 - Contrast of Grade 7 vs. Grade o.

by - Contrast ot Grade 8 vs. Lrades 6 and 7.

L6
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mean scores and the hab mean scores (P < U1 ana ¢ < .U0T

feSpectively). For the contrast Gy (grade 7 versus grade

b), these tests were not signiticant ror the MGMF PT uean

scores but were significant (P < .01) for the MAS mean

scores as observed 1rom Table 4.6. Using the Schefie's Post

Hoe comparison, signiticant grade level ditterences were

observed only between the boys in grades eight and six rtor

the MAS mean scores, and only between the girls in the saume
grades (eight and six) for the MGMP P1 mean scores. The
protiles of sex by grade level in Fig. 4.7 shows a drop in
the MAS mean scores from grade level six to eight. However,
as mentioned already, the post hoc tests showea the
significant difference on tne MAS scores (P < .UH) was
limited to between eight grade boys versus sixth grade boys,
and in travour of the latter. No significant contrasts were
tounag in the other grade levels,

As a summary, based on the statistical anaiysis ot the
data from Site 3, the tollowing decisions were made
concerning the hypotheses (Hgy, Hpy, Hpy) in
that order:

1. <The multivariate null nypothesis (Hy3), ot no
interaction ot grade by sex among the mean scores tor
grades six through eight, was retainea. .

4. The wmultivariate null hypothesis (hyy), or no
difrerence petween the mean scores ror boys and tor
girls six, seven and eight, was rejJecteu (¢ < .Ul;. The

univariate test tor the LGP P mean scores was also
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rejected (P < ,01), but retained tor the MAS scores.
Schetife's Post Hoc posteriori comparisons showed that
these significant sex ditterences, observed in the nGME
P1T mean scores, were tound between boys and giris in the
gixth grade, but in no other grade level.

3. The multivariate null hypothesis (Hgy) of no
ditterence among wean scores for each of the graae
levels six to eight was rejected (F < .01). The two
planned comparisons, between grade levels eight versus
six and seven, and between grade levels seven versus
six, were signiricant (P < .00Ul and P < .Ul
respectively)., Wwith the exception ovi the MGMP PL mean
scores tor the contrast of grades seven and six, the
corresponding univariate hypotheses for both criterion

measures were each signiticant for each contrast,

Comparison of Pretest Kesults among sSites 1, 2, anu 3

Ailthough the adata trom each site was analysed
separately on the assumption that the three subsamples were
systematically different and representative ot three
dirterent populations, it was desirable and statisticaliy
permissible to compare difterences and similaricties of the
results across the three sites,

‘“he multivariate null nypothesis (Hg3s) ot no
interaction of grade by sex was retained ror the data in
each site. The multivariate null hypothesis (dgy) ot no

sex eifects was retaineyg for the data in Site 1, but -
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rejected in Sites 2 ana 3, and similar conclusions were
reached with respect to the univariate analyses.
Signiricant grade level diiferences were concluded tor both
criterion measures in all three sites with respect to the
multivariate analyses, but results aditftered from site to
site in the corresponding univariate analyses. In Site 1,
no signiticant grade dlirferences were tound 1in the MAb mean
scores and the only MGMP probability test signiricant
differences were lLound between girls 1in grades seven and
six. No signifticant sex ditiferences were founa in any site
with respect to the MAS mean scores. In each of the sites,
graph protiles showed that grade six pertormed lower than
grades seven and elght on the MGMP Pl mean scores, In bite
Z, grade seven significantly outperrormed graaes six and
eight in the huiP PT mean scores, Also, a comparison of the
grade seven MGMP Pl mean scores tor all sites ftrom Tables
4.1, 4.3, ana 4.5 snowed that Site Z grade seven recorded
the highest mean scores ot all grades ot all sites. Fig.
4.5 includes the mGMP PT protiles or alL sites by grade
levels. ‘'lable 4.7 includes the means ana standard
deviations ot totals tor each site, for each grade Level and
tor each sex for all the tive measures of the depenaent

variables for the entire stuay.
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TABLE 4.7

MAS, AL PAS
SCOKES FOK THE ENTIRE SAMPLE bY TlME bY GRADE BY Skx

PREFI0OTE POSTELIOTP  PREIASC  PUS1MASY  PASE
M i I [ Lt
(5.D.) (S.U.) (S.b.) (S.b.) (S.L. )}
Site 1 Gad 71.3494 10.712 3.50Y 3.351 3.315
(J.074) (4.432) (.0Yb) (.811) (.840)
Site 2 vl 8.977 12.034 3.2306 j. 10l 2.654
{3.6%5) (4.309) (.970) (.954) (.939)
Site 3 361 Y.202 12.4605 3.230 3.1b64 3.081
(3.050) (3.9335) (.810) (.841) (.889)
Grade 022 7.701 10.963 3.520 3.38Y 3.027
(3.177) (3.750) (.887) («078) (U45)
Grade 379 Y.209 13.193 3.351 3.258 3.048
{3.775) (4.8305) (.872) (.855) (.897)
Lrade 445 Y.120 11.593 3.011 2954 LoB23
(3.802) (4.259)  (.90Y) (.862) (.96U)
boys 137 9.90Y 12,104 2.292 3.20Y 2.900
(3.871) (4.551) (.9486) (.210) (.961)
Girls 721 Y.143 11.447 3.34Y 3230 4.90Y
(3.274) (4.055) (.9U2) (.6bU) (919)
All 1446 B.551 11.741 3.31% 3.220 Z.U/0
(3.613) (4.309) (.U15) (.800) (.941)
4 pProbability Pretest (Range U-25).
b probability Posttest (Range 0-25).
€ Pretest llathematics Attituade Scale (kKange 1-5).
2 Posttest Mathematics Attitude bcale (kange 1 -5).

VD DL

rrobability Attitude Scale (kKange 1-5),

o s{Sy
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‘the krrects oI lnstruction

The analysis of the eftects or instruction on
probability skills and on differences in probability and
attitudes towards mathematics, by sex and by grade level,
was conducted separately tor each site. ‘The design tor the
subsample from each site was a Two-Way 3 x 2 group design,
with tour measures on each subject. 'The multivariate ana
Univariate Analysis of Kepeated lheasures was used for the
data trom each site. The tollowing three wmultivariate null
hypotheses were tested tor each site:

Hyy: There will be no ailterence between the posttest
means dnad the pretest weans or sixth, seventh, ana
eighth grade stuadents, on both the Midale Lraaces
Mathematics Froject Frobapility Tlest and on the
Mathematics Attlituae Scale.

Hgy: There will be no uitterence between the mean gain
scores (posttest winus pretest) 1or each oI the three
grade levels tested, six, seven, and eight, on both the
riddle Grades Mathematics Project 'Test and on the
Mathematics aAttitude Scale.,

Hyp: 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 the Miadle Grades
Mathematics Project Probability Test ana on the
Mathematics Attituae Scale.

Site 1: The Urban Site

The pretest and posttest means and standard deviations
or the MGMP Probability Test (P1) scores and the mathematics
Attitudes bcale (MAS) scores for the aata trowm Site 1 are
presentea by grade and by sex 1n Table 4.9.

A Summary of hultivariate and univariate Analysis or

Repeated reasures tor the aata rrom Site 1 is presented in
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TABLE 4.8

PRE AND PUSTTEST MEANS* OF MGMPT PT AND MAS SCUKLS
FOR SITE 1 BY GRADE AND BY SkX

MGME PTA MASD
Grade Fretest Posttest Pretest Posttest
N L1 I Lt M
Grade 6 149 6.0l Y.79 3.007 3.459
Boys 76 6.97 10.10 3.500 3.241
Girls 73 b.27 Yetl 3.b406 3.270
Grade 7 138 7.62 11.07 3.450 3.379
boys b6 /.45 10.30 3.540 3.40/
Girls 72 71.78 11.73 3.373 3,350
Grade 8 157 P93 11.29 3.4b0 3.419
Boys 74 .16 11:91 3.532 3.453
Girls 03 7.70 10.06 J.40U 3.384
lTotal 444 71+39 10.71 3.509 3:391
boys 216 7.53 10.62 3.54Y 3.304
Girls 228 187 10.61 3.471 3.339

4 MGMP PT - Middle Grade Mathematics Froject Probability
Test (kange U=-25).
b MAS - Mathematics Attitude Scale (Range 1-5).
* The corresponding standard deviations are included in
Appendix D, Tlable bL.<.
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Tabple 4.9, tollowing the tormat used by Winer (1%62). Thé
table is in two parts. The first part shows averages of PT
and MAS mean scores over time, respectively abbreviated as
AVGPTUOT and AVGMAS in Table 4.9. AVGPTUT can be taken as a
measure of the average amount of MGMP probability knowledge
possessed by subjects over time from pretest through ;
posttest. AVGMAS 1s the corresponding average of the :
MMathematics Attitude Scale scores, Although AVGPTOL ana |
AVGhiaS Indicate some measure or the ettect of Lnstruction
over time, they were not the major concern ot the nuil
hypotheses tested on the etrect or instruction in this
study. Hence these two measures were of little interest in
these analyses. _ . 3
The second part of Table 4.Y shows ditterences ot P’l‘I
and MAS mean scores over time, respectively abbreviated as
BIFPTOT and DIFMAS. DIFPLOT and VIFMAS are a measure of
time effect (dirferences or clianges) over subjects trom
pretest to posttest. Since the multivariate hypotheses i

(Hpg-Hpe) tested in this study were concerned with

ditterences Letween posttest means and pretest means,
D1FPTOT and DIFMAS were the major focus of the analyses ot
these hypotheses. o
In all these analyses of repeated méasures, each
DIFPTUL turned out to pe a galn regardless vi the
independent variable conslidered over time. DIFMAS geunerally
stayed the same over the given time interaction. ‘The MG

Pl pre-posttest means trom Table 4.8 were used tou draw the
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proriles for pre-post test scores Or galns by grade and by
sex in Figures 4.9, 4.12 and 4.13 (pages 57 and 58).

The Multivarliate Analysis of Repeated Measures ror bite
1 showed no signiticant interaction ot grade by sex by time,
nor of sex by time, The test however snowed signiticant
interaction ot one orf the contrasts (G7) by time (¥ < .U3).
The univariate test was not signiticant tor uUlkpTUT but was
signiticant (P < .U1) tor DLIFmaS. This means that in the
G1 contrast (ot grade 7 versus grade o), grade / was
significantly auitierent trom grade 6 in attitude change to
mathematics over the perica or instruction, but not
signiticantly difterent in probability knowledge gain rrom
pretest to posttest as measured by the MGMP PT.

Indeea, trom the table of pre-posttest wmeans, averages
and adifterences (Table 4.1b, page 5b), the attitude change
was negative ror both grades six and seven. Scherre's Post
hoc posteriori contrasts (Appendix k.4) showea grade six
glrls to have signlilcantly changed more 1n mathewatics
attitude than grade seven girls at the .,ub level. However,
a couparison of their actual mean losses in the [AS scores
showed that the ditterence was -.35. This ditterence was
thererore concludea to be non meaningfully signiricanc,
given the high power level ot the statistical test as a
resulc of the large sample size characterizing the study.
The other contrast Gy by time (gragde & versus graaes b and
7 over time) was contounded in the Gq by time test ana

hence could not be tested. However, ftrom a close Look at
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Fig. 4.9 Profile of Means on the MGMP PT by Grade by
Sex by Time in Site 1.



TAELE 4.9

A SUMMARY UF MULTIVAKIATE ANU UNIVAKIATE ANALYS1S OF KEPEATED
MEASURES FUOR DATA FROM SLTE 1

Source oi Multivariated Univariate
Variation D.F. F F< k P<
srand lean ] 5131.01 L00uT AVGPTUTD 2b692.99 .LUUI1
AVULIMASC YO30.23 Lulul
Grade 2
G, d (1) «15 L8062 AVGPLOT ol d .00z
AVGHAS ~Ub LOUZ
G1€ (1) 6.1V 002 AVGPTUT 11.75 0ul
AVGLAS .003 «¥55
Sex 1 42 057 AVGPTOT 47 493
AVGIAS «.H2 470
Grade by Sex 2 1.63 .1060b AVGPLOT 2.37 .U95
Timel 1 239.006 0001 DIFPTUTE 457 .00 VIV
_ U1 Ehash 15.16 LUyl
Gradel by time 2
G2 by time (1) 2:.47 U806 D1FPLOT 004 951
LlrhAS 4,95 U2/
. G1 by tiwme (1) 4.47 WUlz DIrPTOY 04 445
LLEMAS 8.41 .UU4
Sex by time 1 .20b 771 DIFPTUL .02 094
LIFLAS 21 477
Lrade by bex 2 1.03 105 LLIFPLOT 2.88 .U57
by time LLFRAS <41 b4
Between Groups 6
within Group 438
Univariate AVGPTIUT: Ihwe = 2/7.02
MS error AVGMAS: FMSe = 1.1v
LIFPIUT: MSe = 5.35
LIFMAS e = 31

]01
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fable 4.9 (cont'd.).

Multivariate D.F. = (4£,437) except tor the Grade by Sex interactions tor which
L.¥. = (4,874).

AVGPI0T - Averaging Probability lest scores (Pre + Posttest).

AVGMAS - Averaging MAS scores (Fre + Posttest).

Gy = Lontrast ot Grade 8 vs, Grades b and /.

G1 - Contrast ot Grade 7 vs. Grade b.

1ime - Uverall (Pre-posttest) etftect over all subjects.

LDIFPIUL - Ditterences in Probability Test scores (time etiect) over subjects.
DIFMAS - bLitierences in MAS scores (time ettect) over subjects.

A reordering of the grade contrasts, testing the G2 by Time contrast betore G] by
Time resulted in multivariate I values of .14 tor Gy by Tiwme and 6.8 1Oor by by
Time, and about the same F values as bpetore.

A0 |
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the table and protiles of mean aitterences, lables 4.1t ana
4.17 and Fig. 4.9, it was apparent that boys and girls did
not dittrer signiticantly within and between graae levels 1in
lGMF probability knowledge gains over time. Table k.4 in
Appendix E also shows the post hoc contrast of a significant
.36 MAS mean airterence between girls in grades six and
eight. 7The test of the uverall time ertect over the
subjects was highly statisticalliy signiticant (¢ < ,0001).,
Although this test was also contoundea in the G} by lime
interaction (Taple 4.Y), tne proiiles (rkig. 4.Y) ana Table
(4.106) of mean gains show systematic mean gain scores in the
MGMP PL, ranging irom 3.Y/ (by grade / girls) to 1.92 (by
grade 8 boys), trom pretest to posttest, in each of the six
mean (dirterence) cells (Table 4.15). 'Thus, the significant
ditterence ot overall time ettect on the subjects in the
MGMF PT1 scores, showed in Table 4.Y, was retained. However,
since the DIFNAS changes showed a range ot magnitiude or .35
across the six mean (diiterence) cells, Table k.4, Appendix
L, it was concluded that there was no meaningfully
signiticant change ot attituaes toward mathematics from
pretest to posttest, the post hoc result between girls in
grades elght and s1X notwithstanding.

To summarize, based on the statistical analysis ot the
pretest-posttest data rrom dite 1, the tollowing decisions

were made with respect to nhypotheses (hgg-hyg):
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1. ‘The multivariate null hypothesis (hy4) of no
ditference between the posttest means and pretest means
was rejected (F < ,0001),.

2, The only statistically signiticant difference in grade
levels (six through eight) in mean gain scores was in
the mathematics attitude change. Further tests showed
this ditterence to be between grades six and eight
girls. This was consldered logically small and
non-meaningiully signiticant., The multivariate nuil
hypothesis (Hy5) of no difference between the mean
gain scores ror each or the three grade levels was
however rejectea (¥ < .05) to avoid the risk of a Llype

l1 error.

(9%
L]

The hypothesis (Hpy) was retained, ana the

conclusion was In ravour of no signiticant diftference
between the mean gain scores for boys and tor girls in
each of the grade levels six, seven and eight, on the
MGME FT and on the LS.

The summary of the tultivariate Analysis ot Repeatéd
Measures tor Site 1 (Table 4.Y) and the pgraphical represen-
tation in Figs. 4.13 and 4.17 (pages 58, bZ) show that
results with respect to AVGFPTIUL were similar to chose ol
DIFPTOT. There was no signiticant grade by sex interaction,
neither was the sex main etrect signiticant., boys and girls
in bite 1 theretore did not ditfer in their overall
knowledge (averages) in the probability measured by the mMGMP

Probability Test. The grade levels seven and eight did not



ditfer statistically trom each other in their knowledge or
MGMP probability, but each differed statistially from grade
level six as showed by Schette's Post Hoc posteriori compar-
ison., Tlhere was a mean average ditterence of only 1.37
vetween grades eight and six, and only 1.3 between grades
seven and six out ot a maximum mean aeitference or 235,

Hence, these statistically significant difterences were not
considered meaningrul. VFinally although grades seven ana
eight knew wore MGMP Frobability than grade six (statisti-
calty higher AVGPTOT) they did not gain more (LIFPTUL)., Une
might conclude that, in Site 1, the MGMP instruction was

more etfective in grade six than in grades 7 and 3.

Site 2: The Suburban Site

The preteét ang posttest means and standard deviations
ot the MGMP rT and MAS scores for the data trom Site Z are
presented bf grade and by sex in Table 4.1U.

A summary or Multivariate and Univariate Analysis ot
Kepeated leasures for the agata trom Site 2 is included in
‘fable 4.11., The layout and the interpretation format ot the
table are similar to the corresponding Table (4.3) in Site
1. aVGPIUT, AVGMAS, DLFPIUT and LL1FMAS all rerer to the
same measures in each site:

The results ot the NMultivariate Analysis ol Kepeated
lieasures tor Site 2 (lable 4.11) showed no significant

interactions ot grade by sex by time, nor of sex by time,

The grade py time interaction was significant., However, in
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TABLE 4.1U

PRE alD PUSTTEST MEANS* Uk MGMP PLI ANLD MAS SCUKES
FOK SITE 2 BY GKADE AND bBY SkEX

MGMP P1@ MASD

Pretest Posttest Pretest Posttest

Grade N I M 11 M
Graae 6 340 7.80 11:27 3.510 3.404
Boys 162 .14 11.40 3.422 3.360
Girls 178 7.50 11513 3.590 3443
trade 7 101 11.71 14.97 3.400 3.320
Boys 53 12.66 15.9 3.564 3.547
Girls 48 10.05 13.94 3.412 3.06Y
Graae 8 180 .00 11.063 2.022 2.013
Boys 102 10.13 12.05 2.613 Z.0U1
Girls /8 9.U> 11.55 4.635 4,048
lotal b2l 8.906 12,03 3.2306 3.101
Boys 317 9.54 12.30 3.1b06 3.147
Girls 304 8.40 11.09 3.285 3.175

& MGMP PT - Middle Grade Mathematics Project Probability
Test (kange U-25).
b MAS - Mathematics Attitude Scale (Kange 1-5).
* The corresponding standard deviations are given in
Appendix L. Table D.3.
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Fig. 4.10 Profiles of MGMP PT Means by Grades by Sex

by Time in Site 2.



TABLE 4,11

A SUMMARY OF MULTIVAKIATE AND UNIVARIATE ANALYSIS OF KEPEATED
MEASULRES Fuk UDATA FROM SITE 2

Source ot Multivariated Univariate
Variation D,F. k P [ | 1
trand Mean 1 6646.93 Loul AVGEFTOUTD 6l28.29 NV
AVGEASC Y4quY, 32 LU0G
Grade 2
G,d (1) 68.86 L00U7 AVGITOY .81 307
AVGEAS 126.02 LU T
G € (M 53.41 L0U01 AVGEFTUL Y7.11 LUOUT
AVGMAS 1.02 314G
Sex 1 /U4 L0u1 AVGPTOT 11.22 U
AVGLAS W1 - 341
Grade by Sex 2 2.7 029 AVGPTOT 2.07 P
AVGHAS 4,40 LUl3s
Timel 272,12 .Uu01 DIFPTOTE 240,35 LUU01
Llehash 7.68 .UUb
brade by time 2
Gy by tiwme {1) 4,64 JIUU] LDIFPTOT 17.406 LL0ul
LiEHAS 2. 14 .44
G1 by time (1) 15 00 pIFPTUT W26 012
LIkiiaD .Ub LH23
Sex by time ] 2.33 097 LLFPTOT 3.19 JU/Y
D1FRAS 1.62 L2U3
urade by Sex 2 27 L899 DIFPTOT 20 521
by time LIFMAS .33 Yy
Between Groups 6
Within Group 15
Univariate AVGETUL: LMbe = 22.74
MS error AVGMAS: MSe = 1.34
DIFPTOT: MSe = 5.37
DLFMAS: HSe = W23

Sl
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Table 4.11 (cont'd.).

Multivariate b.F. = (4,014) except tor the Grade by Sex interactions for which
D.¥. = (41,228).

AVGPTUT - Averaging Probability Test scores (FPre + Posttest).

AVGMAS - Averaging MAS scores (Pre + Posttest).

G2 - Contrast ot Grade 8 vs. Lrades 6 and 7.

G] - Contrast of Grade 7 vs. Grade b.

Time - uverall (Pre-posttest) efrect over all subjects.

ulFPLUT - Liltterences in Frobability ‘lest scores (time ettect) over subjects.
DIFMAS - vitferences in MAS scores (time eftect) over subjects.
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the planned comparison of the contrasts Gy (grade / versus
grade 6), and Gy (grade 8 versus grades 6 and 7), the

rormer (L{) was not significant. This means that there

were no signiticant ditterences in MGHP PT ana MAS gains due
to interaction between grade and sex over the time. Also,
there were no signiticant airierences between boys and girls
in each grade level in kGMP Probability wean gains or mean
attitude changes. Grade 7 also did not aittrer signiticantly
from grage b in these criterion measures. however, the
contrast ot grade v versus grades 6 and 7 was signiticant

(P < .UU01). The corresponding univariate analysis contined
these ditferences to (P < .0001) to LI¥PIUT and not DLLIFMAS
(Table 4.11). 'That is, ditrerences between grade 8 versus
grades b and / were round in mean probability achlevement
gains (DLFPLOT), but not in change in attitude to mathema-
tics (LLFIAS). In short, in the entire analysis ot the cata
trom Site 2, no significant difterences were observeu among
both independent variables (sex and grade levels) in atti-
tude change toward wathematics (lTable 4.11), as wmeasured by
the Mathematics Attitude Scale. however, Table 4.lU or pre-
test ana posttest means showed that boys Kkept more steadily,
on the positive side than girls, and grades eight and seven
than grade six. however, all differences 1n attitude change
toward matnematics over time were sumall and non statistical-
ly signiticant. Hence, it was considered unecessary to
display taples ana profiles of attitude chenge towards

wathematics.
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To determine which graae level anad sex cells were
fespunsible ror the hGtP Pl gain dirrerences observed in the
contrast ot grade 8 versus grades 6 and 7, Scheftfe's Post
toe posteriori comparisons were enployed. These pairwise
comnparisons showed that signiticant probability gain
ditferences occurred between boys in grades 7 and &, between
boys in grades © and &, and between girls in graces b6 and &
(Table bk.b, Appendix k). Tlhese probability gain difrerences
were unexpectedly always in tavour of the Lower graael
Similar c¢onclusions are also observable from the table of
MGMP Probability gains and averages (Table 4.15), and trou

the proriles of Site Z mean gains ana averages in Figure
4.12. lhe same proriles show an orainal interactibn between
boys and girls acrouss all the grade level tactors in both
the gains ana averages in the ibMPPL. In other words, 1n
each grade level in 3ite 2, girls gained more, but knew
less, provapility than boys, as measured by the kil
krobability Test, Similar conclusions tollowea a close
examination of the protiles by grade, by sex, and by time
(Fig. 4.10), of the MGMNP P pre-posttest weans.

The wmuiltivariate test showed the over all time etrtect
to be significant (¥ < .0001, Table 4.11). This test was
however confounded in the Gy bLy time contrast and the
result cannot pe reported as signiricant with absolute
certainty., However, the table ot preobability achievenent
gains (LLFPLUT), in Table 4.15, show some substantial gains

by each grade and sex with the exception oi boys in gradve ¥
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TABLE 4,12

PrE AND POSTTEST MEANS* Uk MGMP FT ANU 4AS SCUKES
FOK SI1Tk 3 bBY GKADE abhb bBY Ska

MGME PT@ MASD

Fretest Fosttest Fretest rosttest

LGrade W I 9 14 [
Grauve o 133 8.04 11.50 3.450 3.490
boys 70 9.26 12.006 3.419 3.502
Girls b3 195 10.87 3484 3.48Y
Grade 7 140 Y.13 13.906 3,207 3.096
Buys b5 Y.40 14.453 3,127 J.UBO
Girls 1Y b.oY 13.59 3.2433 3,007
Grade 8 0o Y.99 11.09 3.005 Z.843
bBoys 57 10,26 1< U4 4.842 2.760
Girls o1 9.09 11.32 J. 180 Ze¥id
lotal 381 9.2u 12.47 3.230 3.104
Boys 192 Y.ov 14.83 J.1bb 3.142
Girls 189 .79 12 .07 3.304 3.186

a4 MGMP PT - Miadle Graade Mathematics Project Probability
Test (KRange 0-125).
b MAS - Mathematics Attitude Scale (Range 1-5).
* lhe corresponding Standard Deviations are given 1n
Appendix L, Table D.4.
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Fig. 4.11 Profiles of MGMP PT Means by Grade by
Sex by Time in Site 3.
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(with only a gain of 1.9Y2). Hence the overall time ettect
hypothesis was not considered tenable. Moreover, the risk
ot a Type I error involved was small since both the
multivariate and univariate tests were highly signiticant
(P < .0001) in tavour of mMuMP Probability gains. Hence, the
conclusion was in tavour ot signiticant overall gains in the
MGMP PT scores by Site £ subjects.
In summary, based on the hMultivariate Analysis

OL Kepeatea Measures or the dgata frow dite 4, the rtoliowing
decisions were made with respect to the null hypotheses
(Hpg-Hpe) :
1. The null hypothesis (Hyg) ot no difrerence between

the pusttest means and pretest weans vl the three grade

levels studied was rejected. However, no meaningfully

signiticant ditirerence was found between the MAS mean

gain scores. 'Llhis means that there was an overall

signiticant time etrect on tne subjects due to the wnGhP

Frobability instruction.

[

The null hypothesis (HUD) of no difference between

the mean gain scores tor the three grade levels was
rejected. The tests showed evidence of signiticantly
ditterent mean gain scores among the three graae levels
studled on the nGMP PL scores, put not on the MAS
scores. Galn dilrerences were round between grades b
and o, between grades 7 and &, always in favour ol the

lower pgrade; nut not between grades 6 and /.
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3. The null hypotheéis (Hpe) was tenable and retained,
The conclusion ﬁés that there was no sigﬁ!ficamt
difference in the mean pain scores for beys and tor
girls in grades six, seven, and eight on both the bGMP
PT and MAS.

Although the hypotheses testea did not involve averages
of probability achievement means and mathematics attitude
means, AVGPIUL and AVGMAS, it was deemed dgesirable to
comment on the Multivariate and Univariate results invoiving
these measures. 'lhe multivariate grade by sex interaction
test was signiticant (¥ < .ud), and the univariate test
showed this significance to be in AVGMAS only, (¥ < .05,
Table 4.11). This means that there was a grave by sex
interaction in the subjects' overall attituges to
wmathematics as measured by the [MAS. because of this
significant grade by sex interaction the sex and grade
level, main ettects could not be tested separately. Hence,
no statistical conclusions were teasible. However, the
protiles of mean averages by time by sex (Fig. 4.13) ana by
grade level (Fig. 4.1Z) showed an ordinal interaction
between boys and glrls across the three levels (6, 7 and 5)
ot the grade factor. Fkrom the same two profiles and from
the Table 4.15, it was observed that Loys consistently
scored higher averages than girls in the MGMP PI, most
conspicously in the seventh grade, A conclusion therefore
was that while girls consistently gained wmore provability

than boys across the three grade levels (as measured by the
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MGMYP PT), boys conaistently knew more (Figures 4,12 and

4.13).

Site 3: ‘T'he kural Site

The pretest and posttest means and standard deviations
of the MGMPPT and MAS scores for the data from bSite 3 are
presented by pgrade and by sex in Table 4.12,

Table 4.13 presents a suwmary ot kMultivariate and
Univariate Analysis of KRepeated wmeasures for the data trom
Site 3. There was no significant interaction ot grade by
sex by time, nur of sex by time. 1he profiles ot mean gains
by sex in Fig. 4,13 and by grade Level in Fig. 4.12 both
attest to the tact that boys and girls gained statistically
equally trom pretest to posttest. both the Gj by Time and
Gy by Time planned comparisons were significant
(P < .00U1) accourding to the multivariate tests, even when
the grade and sex main etfects were reordered (trable 4.13).
'he corresponding univariate results showed that LUIFMAS was
not signiticant in each case. Hence, in the Multivariate
and Univariate Analysis of the data trom Site 3, there were
ne signiticant dirferences in attitude change to mathematics
(as measurea by the [MAS) by sex, or by grade, or by the
interaction of both. Hence as before, tables and protiles
of mathematics attitude changes rrom pretest to posttest
were not necessary. however, rrom a survey or the

pretest-posttest wmeans in Table 4.12, it was observed that



TABLE 4,13

A SUIMMARY OF MULTIVARKIATE AND UnLVARIATE ANALYS1S UF KEPRATEL
MEASUKES FUK DATA FROM SITE 3
Source ot lultivariated Univariate
Variatction D.FE., k E< ¥ r<
Grand Mean 1 5086%2.3 U001 AVGPTO1D 4958.02 ULl
AVGHASC 71347.35 LUuU1
Grade 2
Gy d (1) 11.07 L0001 AVGFTOT 0u2 L9008
AVGMAS 21.26 Luuul
MR (1) 20.01 L0001 AVGPTUT 17.88 .Ouu1
AVGLAS 13:12 000 L
Sex 1 5.00 LU07 AVGPTOT b./2 LUlu -
AVGMAS 1.49 223 2
trade by bSex 2 .U .0063 AVGLPLOL LU bbb
AVGUILIAS <00 414
Timel 1 207.71 LLLU1 LLIEFPIULE 4U1 .28 L0uUl1
_ plknash 4.00 U33
Gradel by time 2
Gy by time (1) 1e.8Y9 Luul LULEPIUL 3b.24 LULUIT
L1EMAS 3.44 /3
G1 by tiue (1) To.33 RVIVIVE D1FPLIUL 20.93 LULul
LlEMAD 3.oU LuUbz
Sex by tiwme 1 1.00 . 340 LDLFPTOT U1 935
D1EFMAS Z.Ub . 15U
Grade by Sex ya «3U .8/0 D1 PIUT .do «830
by Ctime DL1FMAS .41 001
between Groups b
within Group 375
Univariate AVGPTUT: mMbe = 18.04
IS error AVGhAS: MSe = 1.Ub
DIFPIOT: MSe = 5.Ub
DIEMAS: MSe = A
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Table 4.13 (cont'a.).

Multivariate L.F. = (2,374) except tor the Grade by Sex interactions for which
D.F. = (4,748).

AVGPTOT - Averaging Probability Test scores (Fre + Posttest).

AVGMAS - Averaging MAS scores (Fre + Posttest).

Gy, - CLontrast ot Grade 8 vs. Grades 6 and 7.

G] - Contrast ot Grade 7 vs. Grade 6.

Time - Uverall (Pre-posttest) ettfect over all subjects.

LIFPLIUT - Litterences in Probability Test scores (time effect) over subjects.
LIFIMAS - Litferences in MAS scores (tiwe ertect) over subjects.

A reoradering oi the grade contrasts, testing the Gy by Time contrast betore Gj by
Time resultea in multivariate t values ot ZY.78 for Gy by Tiwe and 5.49Y tor G by
Tiwe, and about the same P values as belore.

G71
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the sixth graders had and gained more positive attitudes
toward mathematics than seventh and eighth graders.

The univariate analysis did show the contrasts (Gjp)
0ot grades seven versus six, and (Gy) of grade eight versus
grades seven and six to be signiticant (P < .0001) with
respect to DIFPTCT. That is, the three grade levels
dittered signiticantly in their gains in the WGP PT scores
trom pretest to posttest.

Schefte's Post Hoc posteriori comparisons were con-
ducted in order to determine details of these airrerences.
lable k.b in Appendix bk includes a summary ot these palrwise
contrasts. Signiticant graade level ditrerences 1in kGlkiP
Probability gains were rouna (¥ < .U5) between boys in grade
8ix versus grade seven, ana petween girls in grade six
versus grade seven; always in tavor ot grade seven. Similar
results, also in ravour of grade seven, were tound between
grades seven and eight. Difterences were also tound (P <
.U5) between boys 1n grades s8ix and eight, and between girls
in these two grade levels - both in favour ot graage six,

The contrast ditterences between prades six ana eight were
however considered small and non meaningtul - judging from
the high precision ot the tests, due to the large sauple
sl1ze used in the study. From these post hoc results and
itrom the protiles or mean gains 1n rig. 4.12, the conclusion
was that grade seven gained most while grade eight gained
least py time 1n the MGMP Frobability 'lest scores. bdimilar

conclusions were observed trom the proiiles ot means by
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grade, by sex, and by time in Fig. 4.11 ana firom the AVGPTOT
and DLFFIUT ot MGMP Pl mean scores in Table 4.15.
with respect to the overall time effect over the
subjects, the multivariate and univariate analyses were each
highly signiticant (r < .0001) in ftavour or gains in the
mMGrP P1 scores. Hence, with arguments congruent to those
used previously with respect to time effect in bdite 2z, it
was concluadea that there was signiricant overall gain 1in che
nGMP Probability by the subjects.
In summary, basea on the lhultivariate Analysis of
Repeated Measures ot the aata trowm Site 3, the tollowing
decisions were uade wlth respect to the null hypotheses
(Hpg-Hoe) ¢
1. The null hypothesis (H(j4), ©f no adifterene between
the posttest means and pretest means oL the three grade
levels studied was rejected. However, no wmeaningtully
signiricant ditrerence was tound between the MAD mean
gain scores. This means that there was an overall
signiricant time etfect on the subjects due to the MG
Probability instruction.

2. The null hypothesis (Hyy), of no ditterence between
the mean paln scores for the three grade levels, was
rejectea. The tests showed evidence or signiricantly
difrerent niean galn scores among the three grade levels
studied in the LGMP PI1 scores, but not on the [HAS
scores. Gain differences were round between grades six

ana eight, between grades seven and eight, always in



128

tavour of the lower grade, and between grades gix and

seven, 1n ravour of grade seven.

3. The null hypothesis (hgg) was retained. The

conclusion was that there were no signiticant

difterences in the mean gailn scores tor boys and ftor

girls in grades six, seven, and eight, on both the MGMP
PT and MAS.

With respect to results involving HGMP P1 mean
averages, AVGPIUT, the Multivariate and Univariate tests
were signiticant with respect to sex main eifects, to the
G1 contrast, ana to the G2 contrast (¥ < .01, P < .0U00I
repectively). The proriles of mean averages py sex (kig.
4.13) and by grade level (Fig. 4.12) indicate that boys
scored signiticantly higher averages than girls across the
three grade levels - a highly ordinal interaction, as
opposed to the disordinal (crossing) interaction or sex with
grade levels in the profriles ot gains (Fig. 4.1%2). As in
bite Z, grade seven recorded tne highest averages 1n the
probability means trom pretest to posttest., Thus in Site 3,
seventh graders signiticantly gained and knew more ot the
MGMP Probability than sixth or eighth graders. While boys
signiricantly knew more of the MGMP Frobability than girls,

they did not gain more.
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Lomparison ot the kriect of Instruction Among Sites
1, 2, and 3

The same three null hypotheses were tested separately
tor each site using hultivariate and Univariate Analysis ot
Repeated Measures.

The null hypothesis (Hy4), ©f no ditterence between
the posttest means and pretest means of the three grade
levels (b, 7, and 8) studied, was rejected, (P < .0001) tor
the data in each site. This means that, in the entire
study, there was evidence of a signitficant overall time -
etfect on the subjects., In each site, the eftect ot
instruction was foung to cause significant gains trom
pretest to posttest in the MGMP P1T scores, All attitude
changes were small and non-meaningfully significant. The
profiles of pre-posttest means of the riad or the entire
sample by grade (Vig. 4.18), and, by sex anu by site (Fig
4,19), atl show slight wmathematics attitude changes ilrom
pretest to posttest, none of which was weaningtully
signiticant, Frig 4.1% shows that on the whole, boys were
more steady than girls in their attitudes toward wathematics
as measured by the [MAS. Although girls in general dropped
more in attitudes than boys, they still scored higher on
average attitude (AVGMAS) in the pretest and posttest
measures {Tables 4.14 and 4.15),

The null hypothesis (ngy) was rejected (¥ < .05)
tor the data from Site 1. The rejection was due to change

differences tfound between girls in grades 8ix and seven
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TABLE 4.14

MEANS AND STANDARD DLEVIATIOUNS OF MGMP PLT, MAS, ANL PAS
SCOKES FOK THE ENTIRE SAMFLE BY TIMk BY GKADE BY SkX

PREP10OTE POSTFIOQTP FPREMASE PUSLIMASS PASE
M M M M i
(5.D.) (S.U.) (Bolie) (5.0,) (Sebis)
Site 1 e 7.3Y94 10.712 3.50Y 3.351 3.315
(3.674) (4.432) (.596) (.811) (.840)
Site 2 bl 8.977 12.034 J.230 J«16) Z.004
(3.095) (4.309) (.970) (.954) («93Y)
Site 3 381 9,202 12.465 3.2306 3.1b4 3.Us1
(3.058) (3.935) (.810) (.841) (.88Y)
Lrade b bes 7.701 10.903 3.52U 3309 J.uz7
(3.177) (3.750) (587) (.87b) (. U&3)
Grade 7 378 9.20Y9 13.193 3.351 3.245b 3.0U48
(3:775) (4.838) (.872) («853) (.8Y7)
Grade & 445 Y.120 11593 S-Ull 2:952 Z.bld3
(3.8U2) (4.259) (8087  (.862) (.960)
Boys 7137 9,959 12.104 2.292 3.209 2.965
(3.871) (4.551) (.920) {.410) (.9061)
Girls 721 Y.143 11.447 3.34Y9 3,230 2.909
(3.274) (4.055) (.9u2) (.0860) (.919)
All 1446 8.551 11.741 3.31% 3.220 2.U70
(3.613) (4.309) (-015) (.08b) (.941)
4 probability Pretest (kKange 0-25).
D Probability Posttest (Range 0-25).
C Fretest mathematics Attitude Scale (mange 1-5).
2 Fosttest Mathematics Attitude bcale (kange 1-5).

Probability Attitude Scale (RrRange 1-5).
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AVGPTUT AND DIFPTOT MEANS OF ThE MGHP P14 SCUKES BY GKALE BY SEX PEK SITE

1€l

Site 1 Site 2 Site 4
Iy AVGPLULD D1FELOTEC Iy AVGETOT DLFPTOL I AVGELOL LIFFIUL
Lrade 6 149 6.21 3.0 34U Y.54 .40 133 10.07 Z.00
bBoys 16 8.57 3.18 1oz Y. 717 P 70 10.00 Z.6U
Girls /3 /.84 3.14 1/8 9.32 3.05 03 Y.41 2.4
Grade 7 1306 Y.30b 3.47 101 13.34 3.20 140 11.55 4.85
boys bb 0.92 3.9« a3 14.2Y 3.43 L5 11.92 S.uUd
Girls 12 Y.76 3.417 48 12.29 3.2Y9 /5 11.24 4.0Y
Grade o 15/ Y.58 3.33 180 10.75 2.1/ 1Us 10.b4 l./U
Boys 74 10.03 .74 104 11.09 1.9 57 11:15 1.71
Girls b3 .18 2.Y90 /o 1u.3u Z.5U 91 10.5u 1.3
All Grades 444 9.05 3.32 02l 10.51 3.00 3u1 1U.53 3.20
boys 2106 Y.18 3.30 317 Tu.95 2.83 192 11.23 323
Girls 218 8.94 334 Jus 10.04 3.30 18Y 1U.43 J.28
4 NGMPPT -- Middle Grades Mathematics Project Probability ‘lest Scores (Range U-45).
D AVGPTU1l -- Averaging Probability ‘lest Mean Scores (Pre + Posttest).

€ VIFPTOT -- bDitterences in Probability Test Mhean Scores (time eftect) over subjects.
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TABLE 4.10

PRE-POSTTEST MEAN LIFFERENCES AND AVERAGES OF
THE MGMP P1T SCURES BY GRADE BY SEX PERK LITk

N AVGPTIUTE L1IFpTULD
Site 1 444 9.05 3.32
boys 216 .18 ' 3.3V
Girls 2% 8.94 3.54
6 i49 8.21 3.16
7 130 - Y.30 3.47
8 157 9.5 3.33
Site 2 621 10.51 3.006
Boys 317 1U.Y5 . 2.63
Girls 114 Tu.v4 3.30
6 340 9,04 3.46
7 101 13.34 3.z0
8 180 V.75 2.17
Site 3 381 10.83 3.26
Boys 162 11.23 3.25
Girls 189 10.43 3.45
6 133 o 10.07 2.56
7 140 1T1.55 4.89
b 10 10.84 1.7U
All Sites 14406 10,15 3.19
boys 725 10.50 3.086
Girls 721 Y.79 3.30
6 622 . G.33 -~ 3.zv
7 38Y 11.23 _ 3.9z
8 44 b 10.36 2.4

& AVGPIUL - Averaging rrobability Test liean

_ Scores (kre + Posttest).

b L1FPTUT - Lifrerences in Probability fest
Mean Scores (time etrect) over
subjects.
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in attitudes toward mathematics. ‘[hat is, in bSite 1, no
signiricant grade level dirterences were tound in the MNGMP
P1 mean gain scores, but were in the MAS wean scores. In
Sites 2 and 3, significant grade level difrerences were
tound put in the MGMP PT mean gain scores only. In Site 2,
these ditferences were detected between boys in grade levels
seven and elght, between girls in grade levels six ana
eight, and between boys in grade levels six ana eight,
always in tavour ot the iower grade. In Site 3, these same
grade level pairwlse aifterences were also tound to be
statistically signiticant (P < .Ud), but gain aifterences
between grades six and ei1ght were consiuvered not
meaningrully signiricant., 1In adaltion, signiticant grade
level MGl Probability gain uitierences were tound between
boys and girls in grades six and seven, and in grades seven
and eight always in tavour ot grade seven. Thus, in Site 3,
the seventh graders gainea wore in lGhk rl scores than
grades six and eight. In Sites 2 ana 3, the least MGMP mean
gain scores were recorded by eighth graders (Fig. 4.12).
Although average scores by tiwme were not the tocus of
the null hypotheses tested in the study, interesting results
were tound in Sites 2 and 3. In both sites, seventh graders
averaged signiticantly higher by time (¥ < .03) than sixth
anu eight graders in the HGMFP Provawility ‘lest., In Site 3,
seventh graders galned more from pretest Lo posttest and had
higher average scores on the rnGMP PI than sixth ana eignth

graaers.
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These results can be observed from the profiles_in
Figures 4.16, and 4.1Z, and also trom Table 4.15, '

From the proiiles for the entire sample ot wean gains
and averages (Figs. 4.14, 4.15) in nGMP PT scores, and ot
pre-posttest means (Figs. 4.16 and 4.17), more cowmparisons
can be made among the three sites, with respect to grade
level difterences in mean gains and averages. For the
entire study, there were no site by time interactions in the
MGhY P mean scores (Fig. 4.17). In other words, the three
sites difrfered 1n tne same order in both the pretest and the
posttest. However, Site 1 gained slightly more than bites 2
and 3 (Fig. 4.14 and lable 4.12)., These gain ditterences
were small and therefore comsidered nonmeaningful. Un the
whole, grade seven gainea more and averaged higher than
grades six and eight (lFigs. 4.1>, 4.lt, and Table &4.12}.

The null nypothesis (Hgg) or no ditference between
the mean gain scores for toys and tor girls in gprades six,
seven and eight in both c¢riterion measures was not rejected
tor the data rrom any site. This means that no signifticant
gsex difterences per grade level were ftound in any site, with
respect to gains in Che MGMP PT scores and in Mathematics
Attitude Scale. LIn every site, pirls gainea slightly higher
than boys in the MGMP PT scures, but none ot these was touna
to be significant (Table 4.,1Z and tig, 4.13). In MGMP P1
knowleage (averages) by time, boys signiticantly

outpertormed girls in bSites 2 and 3 but not in Site 1.
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In conclusion, no signiticant aifterences were rouna
between boys and girls, on the whole, with respect to gains
in the MGMP P1 and NAS mean scores. No meaningftully
significant dirrerences were 1ound 1n the entire study in
change in MAS scores by sex, by grade, or by site. Girls
changed (dropped) more than boys in the MAS scores (fhig.
4.19), but these were not statistically signiticant.

Grace level ditterences in MNGMP mean gains were found
in Sites 2 and 3, but not in Site 1. In Sites £ and 3,
grade seven averaged signiticantly more than grades b ana o
in the MGMP P1 scores. In Sites 2 and 3, grades six and
seven gained more than grade eight, while in Site 3, grade
seven gainea signiticantly more than graaes S8ixX and eight.

Finally, in the entire study, no meaningtully signiii-
cant uirferences were louna by sex, by gracge, ana by site,
in attitude change tuward mathematics. Wwith respect to
knowledge gain 1n the MGMP FL, no overall dillerences were
round between boys and girls, or among the three sites, but

grade seven significantly outpertormed the other grades.

Comparison of Attitudges Toward lathematics With Attitudes
Toward rProbabllity

Attitudes toward mathematics were comparea by sex and
by grade lLevel with attitudes toward probability, atter the
instruction. & lTwo-way Analysis or Variance (AnUVA) design
was euwployed 1n these comparisons and the aata troum each

site was analysed separately ior reasons earlier explainea.
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The null hypotheses tested within this design were:

Hy7: There will be no difference between students' mean
scores on the mMathematics Attitude Scale (MAS) and
students' mean scores on the Probability Attitude
Scale (PAan).

Hpg: There will be no interaction of grade by sex among

the mean difierence scores--MAS score minus PAS
s¢core.

Site 1: The Urvan Site

The means anag standard deviations ot pusttest scores in
Mathematics Attitude Scale (rUsTMAS) aud scores in the
Probability Attitude Scale (PAS)* 1for site 1 are includea in
lable 4.17. 'hese scatistics are tabulated by grade and by
sex, Jlable 4.18 presents a sunmary of the analysis or
Variance (ANUVA) for the results or the test on the wmean
ditference bPetween PUSIMAS and PAS scores.

From the ANOVA results, it was tounu that the
interaction of grade vy sex was not signiticant. 7The F
values ot the sex and grade main effects were also not
significant.

Hence, both null hypotheses Ly and Hpy were
retained, This means that neither boys nor girls, nor the
grade levels six, seven, and eight studied in Site 1
signiticantly aiffered in their attitudes toward
mathematics (MAL) versus uttitudes toward probability (raAs)

arter the probability instruction.

* PAS - The Probability Attitude Scale test haa no pretesc,
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TABLE 4.17

MEANS AND STANDAKD ULEVLIATLIONS OF rOSTHAS AND PAS
SCURES FOR SITE 1 BY GRAULE AND bY SEX

PUS1HASE PASD
Grade IN g S.Us o S.b.
Grade 6 149 3.258 Blo 3.156 B0Y
boys 76 3.241 020 3.118 Y37
Girls /3 3278 510 3.194 /90
Grade 7 138 3.377 <858 340U 797
Boys bo 3.407 T44 3.286 187
Girls e 3.350 933 3.818 A
Grade B 157 3.410 . /60 JeI39 .828
boys 14 3,453 s 270 3.420 « 735
Girls 83 J.304 149 3.201 YU
Total G444 3.351 811 3.315 L840
boys 216 3.3064 791 3.270 833
Girls 248 32339 0L 35352 847

4 POSTMAS - Posttest mathematics Attitude bScale

(Kange 1-5).
D pPAS - Probability Attitude Scale - no pretest tor FAb
. (kange 1=5).
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TABLE &4.1%

ANALYSLIS OF VARIANCE SUMMARY POR IBEAN LIYPFRRENCE BETWERN
THE POSTMASE AND FASD SCORES rOR SI[TE 1

Source ¢t Variation L.F.

i )3 P
Grade Z 1.424 1.489 o227
Sex 1 1.114 1.165 281
Grade X sex 2 2.235 2.335 Ul
petween Groups 5
Within Groups 430 Y56

a4 PUSTMAS - Posttest Mathematics Attitude Scale.
D paS - Probability Attitude Scale.
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Site 2: The Suburban Site

Table 4.1Y includes the means and standard deviations
or the PUSTMAS ana PAS scores ror the data from Site Z by
grade and by sex, ‘lable 4,20 presents a summary oL the
ANUVA resulcs tor the mean ditrerence between the PUSIMAS
and PAS scores. ‘These (ANOVA) results 1naicated that both
the interaction of grade by sex and the sex main effects
were not signiticant. Hence, the null hypothesis (hgy)
was not rejected, lowever, the grade level main effect was
signiticant, The results ot the planned comparisons, Gy
(grade 8 versus grades b and 7), and Gy (graae / versus
grade b), were signiricant (¢ < .05) 1in tavour or Gy. 'lhe
null hypothesis (Hyy) was theretore rejectea. The
conclusion was tnat grades o and 7 uld not aifter
signiticantly ftrow each other in tneir atcitudes to
mathewatics anu propapility but together ditfered trom grade
6 in these attitudes. ‘turther, Table 4.1Y indicaces that,
in Site 2, sixth and seventh graders preterred matheumatics

to probability, but eighth graders aid not.

Hite 3: ‘'the Rural Site

The means and standard deviations ol the PUSTIAS and
PAS scores ror Site 3 are presented by grade ana by sex 1in
lfable 4.21. A sumnmary ot the aANUVA results ftor the mean
ditrrerence between the FUSTMAS and PAS scores is contained

in Table 4.22. 'lhe results ot the ANUVA were similar to
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TABLE 4.1Y9

MEANS AND STANDAKD DEVIATIONS CUF PUSTMAS AND FAS
SCORES FUR SITE 2 BY GRALE AND BY SEX

POSTHASE rasSD

LGrade Iy I S, M Dol
Grade 6 340 3.4U4 930 Z.8V0 «Y43

Boys 162 3.36U YYD Z2.84U 1.0u4

Girls 170 3.444 .bbY Z.76U <8806
Graae 7 1ul 3.320 L850 Z.790 +923

poys 53 3.547 Y40 2.93/ 1.ull

Girdis 48 3.UbY .53 2.0629 o793
Grade ¢ 180 2.613 524 2,285 JH3Y

boys Tuz Z2.0ul 819 2.335 849

Girls 78 Z.028 30 L.220U 827
Total 021 3.161 954 Z.054 .93Y

Boys 317 3.147 1.0006 2.0Y94 LY

Girls 304 3175 098 2.012 887
& POSTMAS - Posttest Mathematics Attitude Scale

(Range 1-5).

D pAS - Probability Attitude Scale - no pretest tor PAS

(hange I -b) -
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TABLE 4.20

ANALYSLS UF VARIANCE SUMMAKY FOR MEAN DIFFERENCE® pETWELN
THE FOSTMASP AND PASC SCURES FUR SLTE 2

Source or Variation L.k, Mb k ¥
Graue** Z
Gy 4 (1)  3.15 5.83% Ulb
G ¢© (1) 1.70 £.U5 <1353
Sex 1 1.3V 1.2V oL73
Lrade X sex 2 1.03 ) . 308
Between Groups 5
wWithin Groups olb <240

4 'The corresponding ANOVA Table of Averages is in
Appendix b.Y.

b pOSTMAS - Posttest Mathematics Attitude Scale.
€ PAS - Probability Attitude Scale.

d Gy - Contrast of Grade B versus urades b and 7,
€ (1 - Contrast of Grade 7 versus trade b,

* OSilgniticant P < .05,

*

* Table D.6 in Appendix D includes the alternative ANUVA
test without grade level contrasts.
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TABLE 4.21

MEANS AND STANDAKL DEVIATIUNS OF POSTIHAS AW PAS
SUURES FUR SL1TE 3 BY GRADE AND BY Sex

POSTHASE PASD
Grade L [V S.l. I'g S.la
Grade b6 133 3.496 o194 3.440 803
Boys 70 34307 L8050 3.40Y L8065
Girls b3 3.48Y 783 3.407 543
Graae 7 140 3.0%0 63/ 4,828 820
Boys 65 3.085 782 4,605 845
Girls /5 33.107 L8800 Z.84Y W53
Ltrade 8 106 2.843 761 2.908 .B800
Boys 57 2.766 827 2.927 977
Girls 51 2.9206 070 3.013 s 1LY
Total 3581 3. 104 <841 3.u8l 08Y
Boys 192 3.142 859 3.083 LY38
Glrls 169 J.180 .044 3.U79 . BHU

4 PUSTMAS - Fosttest Mathematics Attitude bceale
(kange 1-5).
b pAS - Probability Attitude Scale - nu pretest tor PaAb

(kange 1-5).



TAbLE 4.22

ANALYSLS OF VARIANCE SUMMARY FOUR HMBAN DIFFERBNGEE BETWIEEN
ThE POSTMASD ANL PASC SCUKES KUK SITE 3

Source ot Variation Dok Lid It ¥
Grade** 2
Gy @ (1) 3.25 6.Y1% LU0y
Gp€ (1) 1.33 3.24 73
Sex 1 LY LY 159
Grade x sex 2 U8 Y 918
between Groups 5
within Groups 335 <470
a

The correspunding ANOVA lable ot Averages 1s 1in
Appendix L.Y.
PUSLMAS - Posttest Mathewatics Attitude Scale.
FAS - Probability Attitude Scale.
Gy = Contrast of Graae ¥ versus Grades 6 ana 7.
Gy - Lontrast of Grade 7 versus Grade b.
Signiticant P < .U1.
* Table L.7 in Appendix U incluaes the alternative ANUVA
test without grade level contrasts,

¥ 0000
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those ot Site 2, No signiftficant interaction ot grade by sex
was tound. hence the null hypothesis (Hgyg), or no
interaction ot grade by sex, was retained, However, grade
level ditferences were touna (P < ,U1) between grade &
versus grades b and 7 (contrast Gy). Thus, the null
hypothesis (Hy7) was rejected. Hence, statistically,
attitudes to mathematics diriered from attitudes to
probability among the three grade levels. However, from a
close comparison ot the PASTMAS and FPAS means (Tlable 4.21),
one might conclude that these grade level ditfterences in
attitudes toward mathematics versus attitudes towara
probability were not meaningtul.

In conclusion, the null hypothesis (Hyyg) was re-
tained tor the data in dite 2 and 3. ‘there was no evidence
of signiticant interactions ol grade by sex in attitudes
toward mathewatics and probability in Site 2 and 3, but
interactions were present in Site 1. In all sites, boys and
girls adaid not difrer in tneir attitudes toward mathewatics
versus attitudes toward probability., Heunce, the hypothesis
(Hy7) was retained.* In Sites 2 and 3, the three grade
levels studied dittered in these comparisons. However, in
bite 3, these difterences were considered nonmeaningiul. 1n
Site 2, sixth and seventh graders preterred mathematics to
probability, while eighth graders did not (as measurea by

the [athematics and Probapbility Attitude Scales.

* Table L. in Appendix D contains the ANUVA table ror mean
airference between the PUSTMAS and FPAS ror the entire
sample.
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Sex and {srade Level Liiterences in Attituaes Towara
Probability

The attitudes of boys were compared with attitudes of
girls toward probabilty arter instruction, 1he attituues of
the grade levels (six, seven, and eight) studied were
similarly compared with one another. 71o examine these
ditterences in attitudes toward probability atter
instruction a Two-Way ANUVA design was used. ~The following
two null hypotheses were tested separately for the data trom
each site:

Hyy: There will be no difference between the mean
scores for boys and for girls in grades six, seven,
and eight on the Frobability Attituoge Scale,

H1y: There will be no ditference between the wmean scores
ftor gdach of the three grade levels (six, seven and
elght) on the Probability Atticude Scale,

Table «.23 includes the means and standard deviations
of the PAS scores tour Site 1, Lite 2, and site 3, by graade
and by sex. Tavles 4.24, 4.425 and 4.26 respectlvely present
a summary of the ANOVA ror bites 1, 2, and 3, by grade and

by sex, tftor the results of the tests on attitudes toward

_probability,

Site 1: The Urban Site

The results of the ANUVA indicated that the interaction
ot grade by sex was signitricant (F < .0b). Hence, the Tests
Lor the grade and sex main efrects were confounved in the
interaction between the two ettects. However, iLrom the

protiles of PAS mean scores by grade and by sex (lbig. 4.20),
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TABLE 4.43

MEANS AND STANDARD DEVIATIUNS OF PAS3 SCORES
BY SITE BY SEX BY GKADE

- brade Site 1 Site 2 Site 3
I o 5,0, N i S.D. N M. S.b
Grage 6 149 3.156 .869 340 2.8U5 .943 133 3.44U .563
Boys 76 3.118 .Y37 1oz 2.8540 1.004 70 3.409 .8bd
Girls 73 3.194 .7%6 178 2.780  .8bb 03 3.4U7 .b43
Grade 7 138 3.460 .797 101 2.790 .923 140 .82 526
Boys 66  3.288 .787 53 2.937 1.011 65 2.605 525
Girls 72 3.618 i77 4B 2.629 793 75 2.849 .53
Grade 8 157 3.339/.528 150 2.255 .839 108 2.968 .866
Boys 74 3.426 735 102 2.335 649 ST 2.927 .$77
Girls 83 3.207 .901 78 2.220  .827 51 3,013 .729
Total 444  3.215 .840 b2 2.054 .939 381 3.081 .88Y
Boys 216 3.276 .833 317 2.694 .987 192 3.083 .938
Girls 225 §3.352 (847 304 2.012 .887 159 3.07y .64y

o
4 PAS - Frobgbility Attitude Scale (kKange 1-5).



TAbLE 4.24

ANALYSI> UF VARIANKCE SUMMARY TABLE FOR PASE
SCURES 1IN SITE )

Source ot Vvariation D.F. b k P
Grade 2 3.330 4.861% VIV
sex 1 D42 789 <375
Grade X sex 2 2.243 3.2b68% U3y

Between Groups 5

within Groups 430 bbb

a4 pUsSTMAS - Posttest lilathematics Attitude Scale,
* Signiticant P < .01,



PAS Means

By Grade By Sex

Grade 6: N = 149 Boys: N = 216
Grade 7: N = 138 Girls: N = 228
Grade 8: N = 157
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3.0

. : 4

6 7 8 Grade Boys Girls Sex

Fig. 4.20 Profiles of Means of PAS Scores by Grade and by Sex in Site 1.
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TABLE 4,25

ANALYSIS uF VARIANCE SUMMAKY TAKLE FOR kA58
SGURES I SITE Z

Source of Variation Do 45 ¥ )4
Grade 2 17.700 21 .445% .01
Sex 1 2,075 2.510 JA14
Grade X Se&xX 2 Lou3 T2 LGB

Between Groups 5

‘within Groups 613 828

a4 pyUSTMAS - Posttest Mathematics attitude scale,
* Signiricant F < U1,



TABLE «.26

ANALYSIS UF VARIANCE SUMMARY TABLE FUR PASE

»CORES Iw S1TE 3

Source of Variation U.F. 1S

F r
Grade 2 13.7/35 18.583% LUl
Sex 1 34 047 029
Grade x sex 2 JA79 246 J82
Between Groups 5
within Groups 375 127
4 puSIMAS - Posttest Mathematics Attitude Scale,

* Gignirticant P < .01.
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it was observed that sex dirrerences were not signiticantly
plausible. Hence, the null hypothesis Hgy was tenable
and retained. The conclusion was that, in site 1, boys and
girls did not differ in their attitudes to the MuMP
Probablility as measured by the PAS,

Diftferences were observed among the means tor grades
six, seven, and eight (Fig, 4.20), with grade seven
recording the highest mean. Schettfe's Post hoc posteriori
comparisons (Appendix &, Table n.7) showed the signiticant
ditterence to be confined to¢ between grades six and seven
- girls, in favour of the lLacter, hence, the null hypothesis
Hyy was rejected (P < .Ul). ‘“the conclusion was that in
Sice 1, seventh praders alitered significantly from sixth
graders in their attitudes toward the VGHP Probabilcy as

lneasured by the PAaS.

$ite 2: The Suburban Site

The results of the ANOVA indicated no significant in-
teraction of grade by sex. 7The sex main ettects were also
not significant (Table 4.253). 'lhe null hypothesis hyy was
theretore retained. Unly the prade main etrfects were signi-
ficant (P < .01). Hence, the null hypothesis hjy was
rejected. An examination ol the PAS lueans by grade (Table
L.8, Appendix E, and Tlable 4.23) invicated grade six to be
signiticancly higher than graade eight. This means that, in
Site 4, eighth graders haa less positive attitudes to the

MGMP Probability than sixth graders, as measurea by the PFAS.,
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Site 3: The kural Site

The results ot the ANUVA for this site were similar to
those of Site 2. No signiticant interaction ot grade by
sex, or of the sex main ettects were inaicated. Hence, the
null hypothesis Hyy was retained. However, grade level
ditterences in attitudes toward the MGIMP Probabilty were
signiticant (¥ < .U1) among grade lLevels six, seven, and
eight. lable 4.23 and the pust hoc tests (Appendix k, Table
£.Y) show that in bite 3, sixth graders were signiticantly
higher than seventh and eighth graders in attituaes toward
probability. 71he highest ditterences were observed between
boys in grades six and seven, in ravour oi the tormer.

In conclusion, in each of the three sites studied, the
two null hypotheses (Hpy and Hjy) were retained and
rejected respectively. 'The interpretation of this was that,
in the entire study, boys ana girls did not difter in their
attitudes towara proubakbility, but the grade levels did.
Table D.Y in Appendix D shows the ANOVA tavle tor the three
sites conbinea. 1In Site 1, the urban site, grade seven
recorded the highest attituces to probability. OUn the
contrary, the same grade level recorded the lowest attitudes
to probability in Site 3. In general, sites 1 and 3
appeared to have ademonstrated more tavorable attitudes to

probability than Site 2.
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Sunmary of rindings

The statistical analysis ot the data collected in this

investigation was presented in this chapter. 1The tollowing

were the major rindings.

Prior to lnstruction: Using HANCVA on sex and grade level

ditferences in probability knowledge and attituaes toward

mathematics, the following results were tound,

] -

the null hypothesis (Hy)) was rejectea in each

site. In Site 1, signiricant difrerences were ftound
between girls in grade levels six and seven in their
existing knowledge in probability prior to instruction.
Attitude ditterences to mathematics between boys and
girls, or among the grade levels (s8ix, seven, andg
eight), were not tound in Site 1.

In Site 2, graae seven was Lound to be signiticantly
ditferent irow grade six in both probability knowleage
and mathematics attitudes, While the probability
knowledge favourea the seventh graders, the reverse was
the case 1n attitudes toward mathematics. bSeventh
graders were also tound to pe signifticantly superior to
eighth graders in both propability knowledge and
attituages toward mathematics,

In Site 3, grade level aitterences in provbability were
significant between pirls in grades six and eight,

tavouring grade eight. However, the ditrerences
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between the girls were considered nonumeaningtuil.

4., Bex ditterences were not tound in Site 1 in either
probability knowledge or mathematics attitudes,

5. 1In bite 2, seventh and eighth grade boys were superior
to the respective grade level girls in probability
knowledge, prior to instruction. No sex difterences
were foung in Site Z in attitudes towaru |
mathematics.

6. Sex differences were not tound in Site 3 with respect
to mathematics attitudes. In probability knowledge,
boys in grade six outpertormed girls.

7. In all these sites, interdctions oi grade by sex were
not significant. Also, sex aifferences were not tound

in attitudes toward mathematics.

Atter instruction: ‘'he Multivariate Anulysis ot kepeated

lfeasures was used to test the erlect oif instruction as
stated in the null hypotheses (Hp4-Hye). 10 compare
attitudes toward wmathematics with attitudes toward

, probability by grade and by sex, (Hyy and Hpy),

ANUVA was used. Lastly, to cowpare attitudes to probability
by grade and by sex, (Hggy-iy), ANUVA was also used,

The tollowing were the results tound atter the instruction.
Y. In all sites, time ertect was found to be significant

(P < .00CY1) tor all subjects, In other words, a

signiticant efrect or the instruction was tfound frow
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pretest to posttest, in both probability and attictuaes
toward mathewatlics. Gains over tlme In the NGhF
Probability Tlest and change over time in attitudes
toward mathematics (as measured by the MAS) were, on
the whole, signiticant. However, all attitude changes
were not considered meaningtul.

sex difterences were also not touna in probability
gains ftrom the instruction and in attitude change
toward mathewatics over the time period,

In general, grade Level ditfterences were tound in
probability knowledge over time (pre + posttest), in
probapility gains over time (posttest - pretest), ana
in attitude change to mathematics over time.,

In Site 1, graue level difrerences 1n probability gailns
were not tound, but signiticant ditrerences were lLound
between girls in grades six and seven 1n tavour ot
grade seven. DLue to 1norauinal interactions or
probability knowleage (over time) between boys and
girls among the three grade levels, signiticant graae
level ditterences were not found in probability
knowledge over time.

In Site 2, sixth and seventh graders gained equally
trom the probability instruction, but each outgained
the eighth graders. Boys counsistently outscoreg girls
in probability knowledge (over tlme) across all grade
levels, but this was signiticant only in grade seven.

Un the other hand, girls consistently outgained poys
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14,

15.

16.

17.

18.

1b4
in scores on the pre-post probability test, but these
were not statistically signiticant,
while grade eight gained least trom the probability
instruction in Site 3; grade seven gained most., G(rade
seven also demounstrated more probability knowledge |
(over time) than grades six and eight,
In the entire study, all three sites did not difrer
signiticantly Irom one another in either probability
gains over time or in attitude change toward mathe-
matics, Boys and girls, and all grade levels, changea
equally in mathematics attitudes. Boys anu giris |
gained eyually, and grade seven outgained the other
grades, on the probability unit test pre-post.
With respect to¢ attitude comparison to wmathematics and
to probability, no sex dirferences were round by site
and by grade Level,
Grade Llevel difterences were found in Sites 2 and 3 in
attitudes to wathematics versus attitudes to
probabpility. 1ln Site 2, sixth ana seventh graders _
preterred mathewmatics to probability, while the eightﬁ
graders had no preference,
In the cowparison of actitudes to probabllity, boys and
girls did not aitfer in any grage or site.
in Site 1, grade seven had sgigniticantiy tigher
attitudes to probability than grades sixX and eight. Un
the contrary, the same graae level recoraed the Lowest

attitude to probability in Site 3. On the whole,
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attitudes to probability were more tavourable in Sites
1 and 3 than in Site 4, while grade seven, on tne
whole, recoraed higher liking or probability than any

other grade level.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

1

The problem addressed in this investigation, the
rationale, and delimitations ot the study, were all
introduced in the tirst chapter. Iln the second chaptéf, the
review of related literature was given. The third chapter
described the wmethodology ot the study. In the tourtn
chapter, the analysis of the data and the interpretation ot
the findings were reported.

This tinal chapter, the tirth, contains the tollowing:
1. buniary and bFindings.

4. Conclusions and Discussion.
3. Implications for Mathematics Education.

4, HKRecommendations for Future KResearch.

Summary and Findings

This section contains a summary coif the purpose ot the
study, research yuestions, related literature, wmethodology,

hypotheses, and findings.

166
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Purpose ¢or the Stuay

This study haa tour related purposes. The tirst pur-
pose was to determine any existing diftrerences in probabil-
ity knowleage and in attitudes toward mathematics ot grades
six through eight students by sex and Ly grade level prior
to a formal probability instruction. The second purpose was
to examine the effect of instructicn on the probabiiity
achievement and on attitudes toward mathematics of these
students. The third purpose was to compare attitudes toward
mathematics with attitudes toward probability by sex ana by
grade level. Tne ifourth purpose was to compare attituaes

toward probability by sex and by grade level.

Kesearch yuestions

Two sets of related questions were considered in this
study. 7The tfirst set of questions, called type A, dealt
with the existing (prior to instruction) aifterences in
probability knowledge and attitudes toward mathematics ot
grades six, seven, ana eight students, by sex, by grade
level and by school setting. The second set ot guestions,
type B, dealt with effects ot instruction in three parts,
The tirst part focussed on the eftects of instruction on the
probability knowledge and on attitudes towaru wathematics ot
the same students. The second part concerned dliterences,
by grade level and by sgex, in attitudes toward matfiematics

versus attitudes toward probability, atter instruction. Lhe
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last part was a comparison ot attitudes toward probability

after instruction, by grade level and by sex. ‘lhese

gquestions were all examined tror each of three schocl

settings (Sites 1, 2, and 3). Type A questions incluaea the

ftoillowing:

1.

What etfect, it any, does grade lLevel have on knowledge
of probability and/or on attitudes toward mathematics?
What effect, it any, does sex have on knowledge of
probability and/or on attitudes toward mathematics?

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

Whiat ertect, it any, does school setting have on
knowledge ot probability and/or on attiudes toward

mathwatics?

Type B Yuestions

Aftter instructional intervention:

What ettect, if any, will probability instructionatl
intervention have on achievement in probability tasks
and/or on attitudes toward mathematics of sixth, seventh
and eighth grade students? Will these efrfects be
ditterent tor boys and girls? Will these etfects dJditfter
by grade level? Will the ertects difrer by school
setting?

po difrerences exist between students' attitudes toward

mathematics in general and the probability activities in
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particular? Wwill these dirterences exist tor both
sexes? Will these uirterences exist ror each grade
level in the study? Will these difrerences exist tor
each ot the sites 1, 2, and 37

3. Dbo ditterences exist between the sexes in attitudes
toward probability activities? Will these cifterences
exist tor each grade level? For each site?

4. Do differences exist among the three schocl settings in
their attituaes toward probablility activities? will
these ditferences exist tor each grade level? Wwill they

exist tor each sex?

related Literature

The review ot the literature revealeud how a number of
investigatours have concluded scientitically tnat eLementhy
and miadle grades bLoys and girls possess some knowledge ot
probabilicy concepts prior to torwal instruction. kFurther
review indicatéd that Piaget propounded the existence of

three stages of probability development just as his widely

-known four stages ot mental maturation., Uther researchers

have a#lso concurred with Piaget's assertion. Thus, there is
a popular suggestion in the literature that the amount of
probability concepts possessed by a pupil, and the level ot
probability sophistication the pupil is ready to learn, are
a tunction of the child's stage of probability development.
A corrolary to this assertion is the expectation of grade

level dittferences in probabitity gains, in ravour of the
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higher grade level. Also, probability achievement in tavour
ot higher l.y., is another popular assertion umade rregquently
in the literature.

Only a relatively tew investigations on sex diirerences
in probability were detected by the investigator. In
general, the literature reviewed tended to conclude that
there are no signiticant sex dgitterences in existing
probability ability or gains trom instruction. However, a
few stucies have sugpgested sex ditrerences in tavour of
boys, prior to instruction. Further, giris tenaed to_gain
more than bouys from probability interventions,
Consequently, only one study (reviewea) reported the
persistence oI any sex dilrerences rrom posttest measures.
| QYuite a tew probability curriculum innovations wefe
identified in the literature. Or these, many claimed that
people ot all ages tena to commit certain errors in
probabilistic thinking. These errors, according to theSe
investigators, tend to interact with the learning ot
probabilistic concepts. However, research evidence abounds
that boys and girls do benefit signiticantly frowm
Jprobability intervention.

The issue of sex difrerences in mathematics is widely
addressed in the literature. However, although most of
these stuaies tena to conclude in ravour ot boys, there is
disagreement as to the nature or extent ot these agitfrer-
ences. Kenown researchers have explained mathematics

achievement difrerences in terus of enviromuental
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conditions, while equally disciplined investigators have
adduced heredity for their explanation. 7Thus, the issue ot
the cause 0f sex agifterences in mathematics achievewments is
essentially the issue of nurture versus nature.

The review of literature related to attitude studies
suggested that earlier investigators tended to conclude in
favour ot a positive relationship between attitude and
mathematics achievement. However, umore contemnporary studies
have challenged this assertion. They have suggested that
such other factors as teacher quality, classroom
cohesiveness and student tatalism correlate as strongly as

attitude, with mathematics achievement,

Methodology

The probability intervention employed in the study took ’
place during Fali 1982 and Winter 1933; while data
collection took place between October 1¥¢2 and January 1983,
The intormation collected includea pretest and postfest
measures in probability pertformance anug in attitudes toward
-mathematics, and attitudes toward probability (pusttest
measures only). All posttest measures were the same as- the
corresponding pretest measures,

''he subjects of the study were prauve six, seven and
eight stuuents from six oirferent scheools, situated in three
distinct sites; two schools per site, Une ot these schools
was an elementary school, three were wmiddle schools and two

were junior high schools. ‘'the three sites were categorized
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into urban, suburban and rural settings and were respective-
ly referred to as Site 1, Site Z and bite 3 throughout this
stuay. trom Site 1, the urban setting, 444 subjects took
part, From the suburban setting, bdite 2, 621 subjects
participated while 381 subjects took parc in the stuay Iroum
bite 3, the rural setting. or the 140U subjects involved in
the study, 144b took part consistently in the cata analyses,
The ditrerence ot 14, which was highly insigniricant, was
due to random omission. ‘lhere were bZZ sixth graaers, 379
seventh graders, 445 eighth graders, 725 boys, ana 741 girls

who took part in the entire stuuy.

Instrumentation

The instruments used in this study were two semantic
gifrerential attitude scales and a performance test on
probability ability. The two attitude scales were callea
the Mathematics Attitude bcale (liaS) and the rrovability
Attitude bScale (FPAS). ‘Throughout the study these two
attitude scales were reterred to as MAS and PAS, while tne
pertormance test instrument was called the lMidale Grades
lhathematics Project Probability Test (G FL), both
attitude scales were simple six-item bipolar semantic
ditterentials, with rive response options. ‘the hGhP PT
consisted or 45 multiple choice 1tems. Appropriate test
instructions and conditions were providea and the teachiers
involved invigilated all tests. Appenaix b includes these

tests and test instructions,



The rrobability Unit included ten sequentially
developed activities requiring about three weeks of
instructional time. The activities oif the unit 1incluaed the
tollowing: bState lottery, three activities of fair ana
untair games, surveys, area models, expected value,
newspapers pay, Jonesville families and Pascal's Triangle.
The Probability unit employed an instructional model
consisting ot three phases: lLaunching, exploring, and
susmarizing. Each teacher was provided with a detailed
instructional guiae which was presumably followed throughout
each probabilitcy activity.

The first tive activities strictly involved adetermining
probabilities ot independent events. The last tive
activities treated a variety of probabilty concepts. ‘hese
activities inclucged the calculation ot probabilities trom
peometric shapes, the use of probabilitlies to make
predictions, the calcuiation of expected values, and
simulation and analysis ol theoretical problems. bpincomial

probabilities were also introduced.

Hypotheses and Design

Several statistical procedures were selected to analyze
the data collected during the stuady. Frarticular statistics
were chosen to test the hypotheses given in the rollowing
paragraphs. The analyses included the tollowing: means,
standara deviations, correlations, multivariate and

univariate analyses of variance and repeated measures.
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Planned comparisons and Scherte's Post hoc comparison were

also selected. ALl these analyses were carriea out on the

3600 Computer at the Michigan bState University Couwputer

Ltenter, using the Statistical Package tor the boclial

Sciences (SFSS5).

The multivariate model with a two-way fixed ertects

analysis ot variance (MANUVA) was used to assess the

ditterences in probability knowledge and attitudes toward

mathematics, by grade level and sex, prior to the

instruction.

The hypotheses testea within this design, given in null

torm, were:

Hgt e

Hyg:

lhere will ve no difterence awmong the mean scores
ror each ot the three graae levels (s1x, seven, and
eipht) testea, on Loth the Nidale urades Mathematics
Pruject rrobability Test ana on the Mathewatics
Attitudaes Scale.

lhere will Le no aitrference vetween the wean

scures LOr buys and Lor girls 1n grades six through
eight on voth the nhladle urades hathewatlics Project
Frobability lest and on the Matnewmatics ACtltuae
Scale.

There will be no 1interaction oi grade by sex among

the wean scores for sixth through eighth grade
students on both the Midale Grades Mmathematics Project
rrobability Test and on the liathematics Attitude
Scale.

To analyze the ettrects uf 1nstruction on the

probabilicy skiils, ditferences in probability and attitudes

toward mathematics, by sex and prade level, the lhwultivariate

Analysis ut Repeated Measures Model was selectea.

The hypotheses tested with this cesign, given in nutl

Lorw were:
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There will be no ditterence between the posttest
lmeans and the precest means oL sixXth, seventh, and
eighth grade students on both the Middle Graue
mathematics Project Probability Test and on the
Mathematics Attitudes Scale.

fhere will be no airiterence between the mean gain
scores (posttest minus pretest) ror each of the three
grade levels tested, six, seven, and eight on both the
Miadle Grades Mathematics PrUJect Probability lest and
on the Mathematics Attitude Scale,

There will be no ditterence vetween the mean gain
scores (posttest minus pretest) for boys and tor girls
in grades six, seven, and eight on the hiddle Grades
Mathematics Froject Probability Test and on the
iMathematics Artitude Scale.

o compare the attitudes toward mathematics and

probability by sex and by graue atter instruction, a lwo-way

ANUVA desipn was used. 1he hypotneses tested within this

design for each site were:

tHy7:

Hyg:

fhere will be no ditference between students' mean
scores on the Mathematics Attitude Scale (MAS) ana
students' wean scores on the Probability Attitude
Scale (PAS).

There will be no interaction ot grade by sex among
the nean difterence scores--has score munus PAS
score.

T

A Two-Way ANUVA design was also applied in order to

examine sex and grade level differences in attitudes toward

'probabilicy. T1ne hypotheses tested within this uesign in

edch site were:

Hyy:

Hip:

There will be no signiticant aitference between
the mean scores tor boys and tor pirls in grades six,
seven, and eight on the Probability Attitude bdcale,

lhere will no aifference between the wean scores
ror each ot the three grade levels (81X, seven and
eight) on the Probapility Atticude bcale.

Planned comparisons ror the grade ettect andg Scherre's

Post hoec comparisons were used to identitry the sources or
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significant main eiftects or interactions. The .05 level ot

significant was the limit accepted in testing all the

hypotheses in the study.

Findings and Conclusions

The statistical analysis of the data collected imn this
investigation was presented in Chapter 1V. The tollowing

were the major findings.

FPrior to lInstruction: Using FANUVA on sex and grade level

ditterences in probability knowledge ana attitudes toward

mathematics, the tollowing results were round. |

1. The null hypothesis (hy]) was rejected in each site.
In Site 1, signiticant ditterences were found between
girls in grade levels six and seven in their existing
knowledge in probability prior to instruction. Attitude
difrerences to wathematics between boys and girls, or
among the grade levels (six, seven, and eight) were not
found in Site 1. The MGMP FY means tor grades six and
seven girls were 6,47 and 7.78 respectively. (All
palrwise mean differences can be estimated from the
profiles ot probability pretest means of all sites by
grade level by sex in fig. 5.1). -

Z. 1In Site Z, grade seven was tound to be signiticantly
difterent trom grade six 1n both probabllity knowledge
and mathematics attitudes. While the probability

knowledge ravoured the seventh graders, the reverse was
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Fig. 5.1 Pretest Probability Means-Profiles of All
Sites by Grade Level by Sex.
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the case in attitudes toward wathematics., Seventnh
graders were alsc found to be signiticantly superior to
eight graders in both probabiiity knowleage ana atti-
tudes toward mwachematics, The means iLor grades six,
seven, ana eight were respectively 7.v0, 11.71, and 9.06
ror the P1; and 3.51, 3.471, and Z.vZ 1or the FKhMAS
scores, The post hoc coumparison restricted the attituage
difterences to ditterences between girls in grades six
and seven, Ifavouring graue Six. As weasured by the hab,
these attitude means were 3.59 and 53.21. Alsc in this
site, the suburban setting, boys and girls in grace
seven outpertormed bLoys and girls in grade eight in both
probability Knowledge and mathematics attitude, Hence,
in thie suburban site, attitudes towara mathematics
dreopped with grade level or with age. With respect to
procaebility knowledge prior tu ilnstruction, seventh
graders unexpectedly outscored eighth graaers.

In Site 3, the rurai site, grade level uirterences in
probapility were significant between girls in grades six
and eight, ravouring grade eight., ‘The mean scores were
7.95 and 9.09. The dirference was, however, only 1.73,
and was considered nonmeaningful. With respect to
mathematics attitudes in Site 3, the means tor grades b,
7, and 9 were vespectively 3.45, 3.21, and 3.01., Hence,
although these diiterences were not signiricant, a

gradual drop in mathematics attituaes with grade Level
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was observed like in Site 2. rig. 2.2 shows an orainai
interaction by grade level.

4. No signiticant sex aifterences were tound in all sites
in attituues toward mathematics, 4s measured by the MAS,
prior to imstruction. However, sex ditterences in
probability knowledge were ftound in Sites 2 and 3, but
not in Site 1. Prom further tests, all these |
significant difterences ravoured boys. In Site Z, the
suburban site, these difterences cccurred in grades
seven and eight. In Site 3, the rural site, they
vccurred in grade six only. 7These tindings are
observable trom thne proftiles of probability means by
gprade tevel and by sex in rig. 5.1.

5. In all the sites, interactions of grade by sex were not
signitricant. Thus, the sex and grade level wmain etriect

tests were plausible.

After Instruction: The lMultivariate Analysis of kepeated

Measures was used to test the effect of instruction as
stated in the null hypotheses (hg4-Hpe). To compare
attitudes ctoward mathematics with attitudes toward
probability by grade and by sex, (Hpy and Hpy), ANOVA
was used. Lastly, to compare attitudes to probability by
grade and by sex, (Hgy-Hjip), ANUVA was aiso used.

The tollowing were the results tound to be signitricant.
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Pretest MAS Means

1 2 3 Site

Fig. 5.2 Profiles of PREMAS Means by Site by Sex and by
Grade Level.
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In all sites, time effect was tound to be signiticant (P
< .0u01) for all subjects. In other words, a signiti-
cant ertect of the instruction was ftound from pretest to
posttest, in pboth probability and attitudes toward
mathematics. Gains over time in the MGMY Probability
Test ana change over time in attitudes towara mathe-
matics (as measured by the MAS) were, on the whole,
signiticant. Fig. 5.3 sumwarizes all propability gains
ana averages. However, all attitude changes were not
considered meaningiul. ‘lhe probability mean gains over
time were 3.32, 3.0, and j.2b, in Sites 1, 2, anud 3
respectively, while the averages over tlme were re-
spectively 9.05, 10.51, ana 10.83. Hence, although Site
1 averaged (knew) less probability than Sites 2 and 3,
Lt outgained them. Asttitude change to mathematics was
also signiticant over time, However, as discussea in
Chapter 1V, the diftrerences vetween pretest and posttest
attitudes were small. 'The signiticant dirference was
most likely due to the high precision level or the test.
In other words, pbecause the sample used was large, the
degrees of freedom used were large. Hence, the test was
powertul enough to detect dirrerences which were not
necessarily meaningful, 'The pretest and posttest
attitude means were 3.51 and 3.35 tor Site 1, 3.44 ana
3.16 for Site 2, and 3.24 ana 3.16 tor Site 3. because
or these swall ulfterences, the conclusion was that, on

the whole, middle grades (six, seven, anu eight) boys
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and girls did not change their attitudes appreciably
toward mathematlics auring the stuay.
Sex airterences were also not round in probability gains
trom the instruction and 1n attitude changes toward
wathematics over the time period. 'Thus, in the entire
study, opoys and girls gained equally trom the probabil-
ity intervention. 1n Site 2, there was an ordinal
interaction ot sex by graae level in probability gains
over time (rFig. 5.3). This means that girls gained more
than boys in each grade level, but these diiterences
were not statistically signiticant. Although attitude
changes by seX were not signiricant, girls in general
aropped slightly more than boys irom pretest to pusttest
in attitudes toward mathematics. The pretest ana
posttest means were 3..2Y and 3.21 tor boys, while these
means were 3.35 and 3.43 ftor gilrls. ‘Inese attiltude
changes by sex are observable graphically in Fig. 4.19.
In general, grade level dltterences were tound in
probability knowledge over time (pre + posttest), 1in
probability gains over time (posttest-pretest), and in
attitude change to mathematics over time. Both
probability knowledge and gains over time were tound to
be in ravour ot the seventh graders (Fig. 4.15). ‘'lhe
overall pretest and posttest probability means were 7.70
and 10U.Y6 ror grade six, Y.z/ and 13.1Y tor grade seven,
ana Y.13 anda 11.5Y tor graae eight. Although attitude

changes by grade were not signiticant as measurea by the
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MAS, attitude decline by grade level was observea in

both the pretest and posttest scores (kFig. 4.1&, Table
4.14), That is, the higher the grade level, the lower
the attitudes toward mathewmatics.

In Sicte 1, grade level difterences in probability gains
were not tound, but signiticant difrerences were tound
between girls 1n grades six and seven in tavour of
grade seven. Due to inordinal interactions ot
probability knowledge (over time) between boys and
girls among the three grade levels, significant graade
level differences were not found in probability
knowledge over time. [n Site 1, the mean gains were
3.16, 3.47, and 3.33 for grades 6, 7/, and &
respectively,

In bite 2, sixth and seventh graaders gained equally
trom the provavility instruction, out each outgaineda
the eighth graders. boys cunsistently outscored glrls
in propability knowledge (over time) across all graae
levels, but this was significant only in graue seven.
On the other hand, girls consistently outgained boys in
scores un the pre-post probability test, but these were
not statistically significant.

while grade eight gainea Least trow the probability
instruction in Site 3, grade seven gained most. G(rade
seven also demonstrated more provabiiity knowleage

(over tiwme) than grades 81X and elight.
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In the entire study, all three sites uld not ditter
significantly rrom one another in either probability
gains over time or in attitude change toward
mathematics. bBoys, and girls, and all grade levels,
changed equally in mathematics attictudes. Boys and
girls gained equally, and grade seven outgainea the
other grades, on the probability unit test pre-post.
Fig. 5.3 presents all gains and averages by site, by
grade, and by sex.

With respect to attitude compariscon to mathematics ana
to probaoility, no sex uifterences were tound by site
and by grade level. 1This means boys and girls did not
disagree in thelr attitudes towara probability and
mathematics.

Grade level alfrerences were found in Sites £ ana 3 in
attitudes toward mathematics versus attitudes toward
probability. In Site 2, sixth and seventh graders
preterred wmatnematics to probability, while the eighth
graders had no preterence,

In the comparison of attitudes to probability, boys and
girls did not aifter in any grade or site.

In Site 1, grade seven had signiricantly higher
attitude to probability than grades six ana eight. On
the contrary, the sawe grade level recorded the lowest
attitude to probability in Site 3. OUn the whole,
attitudes to provavbility were more ravourable in bSites

1 and 3 than in bite 2, while grade seven, on the
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whole, recorded more liking ot probability than any

other grade level,

Discussion

The tindings and conclusions reached in this study were
presented in the previous section. A number of observations
are made about middle grades (six, seven, ana eight) boys
ana girls, with respect to their probability knowledge and
attituoges toward mathematics pricor to a probability
intervention.

Perhaps a major observation trom tnis stuay is the
presence ot sex difrerences in probability prior to
instruction among niddie school pupils. In general, boys
seem to ouctperform girls in probabilistic concepts in the
absence ot instruction. However, although poys may still ‘
outperform girls atter instruction, difterences may no
longer be tangible. In ract, in tne present study, girls
benefited more than voys rrom the probability intervention,
as demonstrated in the pretest-posttest scores. Evidence ot
such sex difterences in research studies exists. Kass
(1964) founa sex differences in ravour ot boys in binomial
probability tasks. The explanation Kass adduced ror this
wag that boys have a natural tendency to interact with H
vut-ot-class probabilistic events that invoive dichotomoﬁs
choices, ror example, bouys tend to be associdtea more than
girls in gambling activities involving head or cait, win or

. lose situations.
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Similar to the present study, in the evaluation ot the
Comprehensive School Mathematics Froject (CSMP), sex
ditterences which were tound in the pretest measures,
vanished arter the program, ftor (shF participants, but sex
ditterences persisted among non-CSMP participants, On the
whole, the present rinding 1s in agreement with most stuales
1n the literature. lor example, in studies by lullenex
(19Y068), boherty (1Y%65), wavering (1Y7Y), Suith (1Y%bep) ana
rcLeod (197Z2), sex differences were not round in probability
achlievement,

That sex difrerences in attitudes to mathematics were
not found in this study either prior to, or sequel to
instruction, may perhaps surprise some, Notably,
investigators such as Fennema (1977), Fennema and Sherwan
(1978), malcolm (1971), and Shaughuessy et al. (1Y%s3), all
round sex ditfferences in attituaes towara mathematics.
However, this tinding agrees with observations by Suydam and
weaver (1975) that sex uitferences were not tound in
attitudes to mathematics in some studies., It 1s, however,
worth remarking that although sex ditfferences were not
signiricant in the present study, pboys had a tendency to
remaln more steady than girls. PFor example, while girls on
the whole had wore positive attitudes toward matnematics,
they dropped wmore than boys from pretest to pousttest, but
again, these were negligible difrerences.

The trindings Irom the present study suggest that graueszg

six, seven, and eight boys and girls ao aitier in J



180

prebability knowliedge prior to instruction. Although these
three grade levels are all within Piaget's secona stage ot
propability aevelopuwent, Irom seven to fourteen years of
age, higher grades would be expected to show more maturity
1n mathematical ability, of wnich propbability is a part.
Hence, it was not a surprise that grade sixX periormed less
well than cthe other grades In both pretest and posttest
probability scores, Hhowever, the most lmportant grade lLevel
question is which grade benerited (gailned) most trom the
probability intervention. Interestingly, the seventh
graders gained more probability knowledge than sixth and
eighth graders, in tne present study. ‘lhis important result
is similar to the conclusion reached by Smith (1Y66) in a
study in which grade seven constituted the subjects used.
Smith reported that seventh graders gained signiticantly
trom a 17-aay probability intervention. beveral questions
arise as to why grade seven should ao better in probability
than grades six and eight, especially grade eight. Frirst,
this superiority might ve due, by chance, to nigher teacher
and/or student quality. Or the reverse might be true ot
grade eignt, especially in the suburban setting. But, the
seventh graders outpertformea the others in the rural
setting, and ald not signiticantly ditter trom the eighth
graders in the urban setting. Hence, grade seven umay
possess some interesting characteristics with respect to
probapility. Another explanation might be founa in the

nature of mathematics topics that were covered just betore
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the probability intervention., 7These topics may tena to
promote the learning ot the probability activities in this
stuay.

According to the present stuay, grades six, seven, and
elght ao not dirfer appreciably in their attitude change as
a result ot probability instruction. This result agrees
with kennema (1%/7) who reported that attituaes toward
mathematics remain rairly stable vetween grades six and
twelve. Although attitude ditferences were not signiticant
in the present study, distribution showed that attitudes
tended to aecrease with graae level, with girls decreasing
more than boys. Malcolm (1974) reached very similar
conclusions.

Finally, a4 major result of this study was that
irrespective ol sex, grade level or site, midale school
students benerited signiticantly itrom the training prograu
in probapbility tasks, bimilar conclusions were arrived by
such investigators as beyth-haron (1980), Shaughnessy
(1977), and white (19Y74). VPerhaps a partial explanation for

overall signiticant student gains ftrom the Mmiddle Grades
‘Probability Froject unit is the experimental nature of the
activities. The activities employed the strategies of
Launching, exploration, and summarization. Loreover,
concrete operations and multiple empbodiments, proved to be
etrective by Pliaget and Inhelder (1Y51) and Jones (1Y74),
were utilized in all the probability activities in this

stuay.
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lmplications ror hathematics kducation

In the present investigation, it was duemonstrated that
miogale school students can respong very well to probability
insructicn. Although grade seven appears optimal for the
introduction of the (MGMF) Probability Unit, it has worked
very well for grades six and eight too, \

Not only do grade levels six, seven, aﬁd eight respond
well to probability instruction, it was found, in this
study, that boys and girls respond equally and tavorable
well to the probability imstruction.

Also, propability instruction among middle school
students was demonstrated in this 1nvestigatiun to workz':
equally weil in urban, suburban, and rural areas despite
socioeconomic ana other background difterences. Although
pretest and posttest measures indicated that students in
urban settings pertformed less well, tindings revealeu that
they benetited equally from the probability training
program as students trom the other settings.

Another ilmplication is for mathewmatics teachers.
Regardless of grade level, sex, or school setting, all

teachers, when supplied with well-sequenced instructional

~activities, successfully taught a unit on probability. The

- test and unit materials are easy and handy, and almost all

tne manipulatives can be improvised locally.
Another iluplication is for mathematics teacher

education. ‘The importance and use orf probability knowldaege

L are peing emphasized by concteuporary mathewatics educators
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(Shulte 1981). 'However, for teachers to be encouraged

to take the topic mwore seriously, asequate statt development

is necessary tor preservice and inservice teachers.

Undergraduate and graduate mathewmatics teacher education

programs should include the teaching ot probability.

Recommencation tor Future Research

The rollowing recommendations are baseu on the

1nvestigator's findings and conclusions in the present

study.

1.

It 18 recommended that this study be replicated with
similar subjects and extendea to include a test or their
retention span in probabiiity knowledge.

It is recommended that the study be replicatea among
grade levels nine through twelve students to compiete
the investigation through all postprimary grades. Ln
this case, efforts should be made to reduce teacher
ditfterences as much as possible, For example, design
the study so that teacher participants have a
mathenatics teaching certiticate, This shoulad limict
variability in teacher content knowledge.

It i1s recommenaed that the study be replicated in same
Brace levels using identitiea high, miadle, and low |
ablility students, This woulid afrord the 1nforuwation on
now various ability levels respond tu probability, ana
to the riddle Grades Mathematics Project waterials in

particular.
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The initial gquestion ot interest to the investigator was
an analysis of stuagents' patterns ot errors in propa-
bilistic thinking. An appropriate question to investi=-
gate might be an exawination of the heuristics of avail-
ability and representativeness (reviewed in Chapter 1I).
In addition, analysis ot students' errcrs could help
identity at what grade level certain probability con-
cepts are not amenable to instruction. 7This would have
implications for mathematics curriculum development. a
corollary advantage woulu be availability or tinaings
that speak critically to Piaget's three stages ot
probability deveiopment.
With the use oOf the same Probability unit, it is
recommended that the teaching of probavility be studied
by qualitative methods, 1in particuldr those associated
with ethnograyphic research., kEspecially in conjunction
with the statistical wethods employed in the present
study, ethnographic perspectives coula provide theoreti-
cal explanations ot pretest-posttest results which would
not be feasible otherwise, The researcher could
document, through systematic participant observations of
the teacher-student c¢lass interactions, behavioral
patterns that lead to certain resuits. Had sucnh wethods
been avallable to couplement the present study, such
perplexing questions as why seventh grade girls tenued
to gain more than toys in the provability instruction

even though they knew less could have been investigated.
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Other questions are to what extent the teacher tollowea
tire curriculum materials, felt comtortable in responding
to student questions, or treated boys and girls
dirterentially. These could also be observed and
analyzed through the use of ethnographic methods. Such
methodas can aid in providing a more couplete description
oL what took place (or did not take place) during the
teaching~learning process. They also make it possible
tor more relevant and usetul questions to be raised as
the study progresses; questions which can have tar
reaching implications for curriculum development and

research in wmathematics education.
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MIDDLE GRADES
MATHEMATLCS PROJECT
DEPARTMENT ¥ MATHEMATLCS

MICHIGAN STATE UNLVERSITY

The MGMP is a curriculum developutent project funded'by

NSE¥ - DISE, to develup units or high quality wmathematics

instruction Lor grades 5 through b, kach unit

*

"

*

is based on a related collection of important
mathematical 1deas,

provides a caretully sequenced set of activities
which lead to an understanaing ot the mathewmatical
challenges,

helps the teacher foster a problem-solving atmosphere
in the cliassroon,

uses concrete manipulatives where appropriate to help
provide the transition from concrete to abstract
thinking, '

utilizes an instructional model which consists ot
three phases...launching, exploring, and
gsunmarizing,

provides a carefully developed instructiocnal guide
tor the teacher,
requires two to three weeks of instructional time.

The goal ot the MGMP materials is to help students

develop & deep, lasting understanding ut the .natheuwatical

concepts and strategies studied. kather than attempting to

preak the curriculum into small bits to be learned in

isolation trom each other, Mul1P materlials concentrate on a
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cluster ot important ideas ana the relationships which exist
among these lueas. Wwhere possible the iaeas are embedaded in
concrete mnodels to assist the students in moving from this
concrete stage to mure abstract reasoning.

Many ot the activities are built arouna a specitic
mathematical challenge. The instructional wodel used in the
units tocuses on helping the students solve the mathematical
challenge. ‘lhe instruction is alvided intou three phases.
vuring the tirst phase the teacher launches the challenge.
The lLaunching consists of introducing new concepts,
clarifying detinitions, reviewing old concepts, ana lssulng
the challenge,

The secona phase or 1nstruction is the class
exploration. Duriug the explouration the students work
individually or in small groups. ‘lhe students may be
pathering dgata, sharing ideas, locking ftor patterns, making
conjectures, or ueveloping other types ot problem-solving
gtrategies. 'lhe teacher's role during exploration is to
encourage the students to persevere 1in seeking a solution to

the challenge. The teacher does this by asking appropriate
questions, encouraging and redirecting where needed. For
the wore able students, the teacher provides extra
challenges related to the ideas being stuadiea.

wWwhen nost ot the children have gathered sutticient
data, the class returns to a whoule class mode (otten
beginning tne next uay) ror the tinal phase or 1ustruccion,

sunmarizing. here the teacher has an opportunity to
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demonstrate ways to organize data so that patterns and
related rules become more obvious. Dbiscussing the
strategies used py the childaren helps the teacher to guide
the students in rerining these strategies into erricient,
efrective problem solving techniques.

The teacher plays a central role in this instructional
model. First the teacher proviaes and motlvates the
challenge and then joins the students in exploring the
problem. ‘lhe teacher asks appropriate questions,
encouraging and redirecting where needea. Finally, through
the summary, the teacher helps the stuuents ro aeepen thelir
understanaing of both the mathematlcal 1deas 1nvolved 1n the
challenge ana the strategles used Lo solve it.

lo aid the teacher in using the teaching mouel de-
scribed, a detailed instructional guide is proviwed. This
guide was developed as a result ol many classroom trials of
the materials. 1t provides help witn both the mathematics
content and the classroom management of the activities.
Speciric suggestions tor important questions to be asked at
appropriate stages of the activities are included. kxten-
Ision questions and challenges tor the more able stuuents are
provided along with suggestions tor helping those stuagents
who are having ditticulcy. ‘the units developeu incluae:

SPATLIAL VISUALLZAT1OI
FAGLURS AND muLlllrLEbd
PRUBABLILITY

SLIHILAKLLTY
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APPENDIX B

MGMP Propbapbility Test
Mathematics Attitude Scale (MAS)
Probability Attitude Scale (FAS)

hNow 1lt's your lurn



PROBABILITY TEST

DO NUT WRITE ON 1dal8 ThEST BOUKLET,
YOU MAY USE A SHEET UF SURATCGI PAPEHR.
KREAD QUESTIONS CARRFULLY.

'SELECT THE ANSWER 10 THeE QUESTION.
MARK YOUR ANSWER ON THE ANSWER SHLET.

o A B c v E
' EXAMPLE (:) (:) (:) 1" (:)

BE SUKE TO FILL THE CLKCLE CUMPLETELY.

ERASE COMPLETELY WHEN WECESSAKY.

MAKK ONLY IN tHE RESPUNSE CLKGLES PROVIUEL.

MAKE NO STKAY MAKKS ON Tk ANSwEK SHERT.

STOF: WALIT UNTIL YOU AkE TOLD 10 BEGIN.
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PRUBABILITY

PKETEST

Materials:

A) Somantic Ditferential Test about mathematics

B) Probability Test Booklet

{) Answer Sheet

L) #2 Pencils

Instructions:

A) Give Semantic Ditferential lest firsc. 5-10 wminutes
should be suirticient. Collect this paper pelrore
distributing next test. Students should PKINT their
name and c¢ircle girl or boy.

B) Distribute answer sheets ana #Z penciis.
tomplete only the name and sex sectiovns.

C) bListribute Probability Test Booklets.

Note:

Frovide scrap paper.

Keview cover sheet instructions,

Allow as much time as neewed for the 22 yuestions,.
(Calcutators are not allowed)

Please keep the classes separated ana provide a class
list with each class set of Semantic Ditferential
and Probability lest.

The packages of materials will be collected as soon as the

“test

is completed

Thank you very much rfor your cooperation.
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PROBABILITY

POSTTEST

Materials:

1. Semantic bLifterential Test on Attitudes Toward Math.

2. Semantic Differential Test on Attitudes Toward
Probability Activities.

3. Nhow It's Your Tlurn.

4. Answer Sheets.

5. Probability Test booklets (25 questions).
6. #2 Pencils.

Instructions:

1. Administer attitude test in tollowing order: Have
students print their name and circle their sex.

a) Attitudes Toward Math (about 3 minutes)

b) Attituges Toward Frobability Activities (about 3
minutes) :

¢) Now it's Your Turn (about 10 minutes)

4. DListripute answer sheets.
Students complete name and sex only.
Use #2 pencils.

3., Distribute scrap paper.

4, Distribute Probability Test Bbooklets.
Allow as much time as needed for the 25 questions.
about 25 minutes is average. ({(calculators are not
allowed)

5+ Please have marks erased from booklets betore passing
them to another teacher, or administering the test to
another class.

Note: FPlease keep the classes separateu ana provide a
ciLags list with each class set ot Semantic
vifrerential and Propability Tests.

The packages of materials will be collected as soun as the
testing is completed.

Thank you very much for your ccoperation.
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A spinner is divided into 15 sections or equal size.

Five or these sections are redq,
are green, and three are yellow,.

tour are blue, three
It the spinner 1is

spun, what is the probability that it will stop on a

blue section?

1

4 &4

(A) 3 (b) 15 (¢) 11 (L)

11
15 (k) &

3

The probability ot an event happening is 8. What is
the probability that the event will not happen?

o,

w

(A) U (B) B (L) 8 (b)

3

4 (&)

A bowl contains 3 red marbles, 5 green marbles, and &
A bDlue marble is drawn and not replaced.
Then the contents ot the bowl are thoroughly mixed.
After this, you are asked Lo draw a marble from the
looking. what is the probability that you
will araw a blue marble?

blue marbles.

bowl without

.. 1
T (L) 3

S

- ..
() 12 (b) 11 (C) 12 (L)
which ot the following numbers could not be a
probability?
3 8
(A) 1 (B) 7/ (L) 9 (b)

4 (k) U

A ftair coin has been tossed 10U times and has come up
me, Which or the tollowing statements 1s

heads each ti

true:

(A) The coin
(b) The coin
(C) There is
tails on
(L) The coin
next toss
() The coin
next toss

The probabili
tail when two

I

will come up heaas on the

will come up tails on the
an equal chance of coming
the next toss.

is more likely to come up
than taills.

is more likely to come up
than neads.

ty ot getting exactly one

ftair coins are tossed 1s:

1
(A) & (b) 3 (G) 1 (L)

h‘l r‘-‘

next toss.
next toss.
up heads or
heaas on the

taills on the

heaa ana one

1
(L) Z
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7. 1f two dice are tossed over and over again, which sum
would you expect to occur most often?

(A) © (B) 7 (C) 8 (b) Y (k) 12

8. The probability of gecting a sum of 12 when two dice
are thrown is:

1 1 1 -l 1

(A) 2 (b) 3 (L) b (D) 12 (L) 30

Y., Bill Bailey tossed a thumbtack 5U times. It landed
point up 22 times. It he tossed the same thumbtack 25U
times, about how many tiwmes woula you expect it to land
point up?

(A) 88 (p) 110 (C) 125 (D) 200 (k) 250

Questions 1U-1Z2 relate to the 5 spinners shown below.

blue
olue

0. Wwhich spinner is the most likely to stop on rea?

v V

(Aa) 1 (B) 11 (C) LiLL (L) 1V (k) V
1. Kim spun a spinner 100 times and made a recora ot her
results.
Uutcome Blue kea
Number ot times 6o 14

Which spinner 1s most likely the une Kim used?
(A) 1 (b) 11 ey I11 (L) 1V (k) V

12. Lt spinner LIl is to be spun twice, what is the
probablility of getting rea - red?

1 1 z 3
(A) 4 (8) 2 (€) & (L) & (k)
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A bag contains only red and blue marbles.

3
The probability ot drawing a red marvble is 5. what is
the probability of drawing a blue marble?

| o

2 1 P4 3
(a) 3 (8) 5 (C) 5 (L) 5 (k) 1

A bag contains 2 yellow, Z blue, and 4 rea warbles,
How many blue marbles must be added to the bag to make
1

the probability ot drawing a blue warple Z.

Three pennies are tossea, what 1s the probability ot
getting 2 heads and 1 caii?

—

1 A Z 24 3
(A) 8 (B) 3 (C) 3 (L) 2 (k) 8
John is tossing bean bags ranaomly onto the wmat below.

what is the probability of a bean bag Landing in an
area marked b?

A
A
B
D
B
D
1 3 14 2 Z
() & (b) & (L) Z (L) o (k) 3

sally nas a 50% free throw shooting average in
basketball. She goes to the line to take two shots.
what is the probability that she wiil make both shots?

1 1 L 3
(4) % (B) 2 (L) 3 (D) % (k) 1
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1. Hat 1 ana hat 2 contain rea ana white marples as shown
below. A hat 1s chosen at random and a warble drawn
Irrom 1t.
pal 1 HAT 2
£ 7%
which area model can be used to tinad the probability
of drawing a white marble?
11
[ W l K W | n K
K K ! W W
W W (R W W[ W W b W
b—1 W R | | K KK
W W N | W W W
(A) (b) (v) (L) (k)
19, Bag 1 ana pag <4 contain blocks ae shown velow,

wnich ot the tollowing 1s a tree diagram showlhyg the
possivle combined results ol drawlng a block Irow bag
1, and then, a block trom bag 27

F - K - G - X kK ¥
W) e v R~ 8= ¥ (b) K&G (L) P <i
Y W
K P
e LG w<
b4 W
"
Y<L.
Y
R - Y K
(L) r< (k) v Lo
G Y <y
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Two coins are rlipped. FPlayer A gets a point 1t the
coins match and player b gets a point 1t there is no
match. 1In this game

(A) A 1s wore likely to win.

(B) B 1s more likely to win,

(L) A and B have the same chances ot winning,
(D) There is not enough intormation to decide.
(E) B can never win.

Two bills are drawn from a bag containing a tive dollar
pill and 3 one dollar bills. It the experiment 1s
repeated many times, what would you expect the average
amount of money drawn per time to be?

(A) $2 (B) $3 (C) $4 (U) $5 (k) S0
What is the probability that a tawily ot three children
will have 2 girls and 1 boy?

1 1 2 1

3
(A) B (b) 3 (L) 3 (L) Z (kL) 8

How many dirterent ways could you answer a 4 item
true-ralse test?

(A) 1 (B) 2 (L) 4 (D) o (k) 1o

24-45 In order to determine what 1ce cream ftlavors to have

24,

29,

in the cateteria a random poll is taken ot 30
students on their favorite ice cream flaveo. 'The
results are:

Vanilla 8 Butter Pecan -
Chocolacte 10 Feppermint 3
Strawberry 5

It there are 600 students in the school, about how many
would you expect to preter chocolate?

(A) 1U (B) 20 (C) 200 (L) 25U (k) 300

It a stuaent 1s cnosen it randowm, what 18 the
probability that the stuadent ravors either chocolate or
butter pecan?

10 14 4 6 1
V]

(¢]
(a) 3 (B) 3 (L) 30 (u) 30 (k) 30




EXAMNPLE:

LIKE _ _
UGLY _ _

WOKK

400

MATHEMATLCS ATTITUDE SCALE (1MAS)

NAME BOY/GLKL

FOR BACH PAIK OF WUKDLS BELUW PLACE A X ON Thk

BLANK THAT BEST TELLS HOW YOU FEEL ABUUT--

SNOW
- e s meias RS /RO I, _ HATE
N B I I S £ ¢ i 4
N R N S SRR - '

DIRECTIONS: rUKR EACH rALK OF WORDS bELOW PLACE AN X UN ‘ITHE

BAD
SAD
BORLNG
JuMP 1IN
.hAKU

MORE

BLANK THAT bEST TELLS hUw YOU FEEL AbUULl--
MATHEMAT LGS

GOOWL

HAPPY

EXCITING

HOLL BACK

LASY

LESS
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PROBABLLITY ATTITULE SCALE (FPAS)

NAME BUY /GIKL

EXAMPLE: FUR LACH PALK OF WOKDS bBELUW PLACE A A UN Thhe
bLANK THAT BkST TeLLS HOW YOU FEEL ABOUUT--
ShHOW
LIKE ot ot _ _ __t___ _%t___ _ hare
UGLY % _ _ _ _ & _ s _ . _ PrEury
WORK — « o+ 0+ _ _ _ i _ _ _ _ Plax

DIRECTLONS: PFUR BACH PALR OF WORLS peLOW PLACE AN A ON THL

BAD
SAD
BOKING
JuMpP Ik
HAKD

NMOKE

BLANKK THAT bBrST TELLS hOWw YOU FREEL ABOUT--
FROBABLLITY ACLTLIVIES

GOUb

C APy

EXCITING

HOLL bAUK

— — — — — e e — e — e — — — — —

$ : : : EASY

— o o s o mm e s o e s o e e— —

LebS



E2R A

NOW IT'S YOUR TUKN

THINK ABOUT 1HE PROBABILITY ACTIVITIES WE nAVE BAPLOKEL,
SOME LF THE ACTIVI1[ES whkKE TAKE SULUKVERYS, AREA MOLELS FUR
PROBABLLLITY, ralk AND UNFALK GAMLS, bXPCTEL VALUL, PASCAL'S
TrIANGLE, - : ' o

ap

(2)

(3)

(4)

(5)

(6)

DID THESE ACTIVITLES MAKE YOU THINK? EXPLAIN.

WHAT 15 Thnk NOST INThRrESTING lLULEA THAT YUu LEAKNEL FKOM
THESE ACTIVITLIES? : o

WHAT DID YUU FIND HARD ABOUT THESE ACTIVILLIRS?
WHAT D1D YOU LIKE wmUST ABOUT THESE ACTIVITIES?  WHY?
WHAT DID YOU LIKE LEAST ABOUT ThbSE ACTIVITILS? wWhY?

OTHER CUMIMERTS?



APPENDLX C

Pearson Correlation Matrices and
keliability Coetticients
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TABLE C,1

PraksOi CORKKRLATION PATEIX

FOR SITE 1 BY GrRALLY

Grade {1) (2) (3) (&)
pyb 6 1.000
Pretest (1) 7 1.000
3 1.000
PT 6 LH74% 1.000
Pretest (2) 7 «631% 1,000 ,
8 TBLF 1.00U
MASC b lop* 243% 1.000
kretest (3) 7 23 22 1.004
o d0H 09t 1.000
MAS 6 Aoz 21u% «OZp* 1.000
Posttest (4) 7 43 VA SO3YF 1.000
8 12 103 LHUL¥ 1.00U
PASd 6 L206% L220% L507% 2H7%
Posttest (5} 7 171 L24YF L228% 2B9%
2] » 1453 L229% CID3* . 186*
4 N ot oth Graaers Ty, N ot 7th Graders = 139, H oL $th

*ro 0o

Graaers = i4%Y.

F1T - bkrobability lest. '

MAS - Mathematlcs Attitude Scale.
PAS - FkFrobability Attitude bScale,
Signiticant ¥ < L0U1.
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TABLE C.2

PRAKSUN CURRELATLIUN MATRIA

FOK SI1E 2 bY GKADE®

Graae (1) (2) (3) (4)
pTD 6 1.000
Fretest (1) 7 1.000
3 1.000
Pl 6 oY SH* 1.000
Pretest (2) / L020% 1.00U
3 LIUB* 1.000
[ASC (&) .1 36% 2US% 1.00uU
Pretest (3) 7 25 «30Y%* 1.0UL
MAS L JA29% 212% JJUL* 1.00U
Posttest (4) 7 SIPYA L14% J7U% 1.000
3] Jd171% «154% J04%* 1.000
pasd 6 L149% .168%* BT 2560%
Posttest (5) 7 U7 210% cSULH GT73%
8 234 L7 3* 2Y90% Gl0*
4 |y ot bth Graaers = 34U, i or 7ch uraders = U1, N oL &th

*fano

Graders = ldU,

P1 - Probability Test.
MAS - Mathematics Attitude bcale,
rAS - Frobability Attituae bdcale.
Signiticant P < .Ul.
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TABLE C.3

PEARSON CORKELATION MATRIX

FOR SITk 3 BY GRALLZ

Grade (1) (2) (3) (4)
p1b 6 1.000
Pretest (1) 7 1.000
o] 1.00U
P1 6 oy* 1.000
Pretest (2) / s3bH% 1.00uU
o] S79* 1.00uU
MASC ) A33% 174 1.000
Pretest (3) 7 230%* 116 1.000
8 JN47% 1 50% 1 .000
MAS 6 .182% 153 +B7 1% 1.000
Posttest (4) 7 w7 134 od LON 1000
8 104 «16d* « 09 3% 1.00U
PASd t .0&6 U8y 74 «3B2*
Posttest (5) 7 U7u 44 3Y90% 372%
d _.]Ub '-UDZ .A"’Z* .J‘Lq*
4 N of 6th Graaders = 133, N or /th Graders = 109, w of &th

Fang

Graders = 2U3.

FT - Probability Test,
MAS - Mathematics Attlitude bcale,
PAS - Frobability Attitude Scale.
Signiticant P < .0U1.
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TABLE C.4

PERAKSON CUKKELATION MATKIX
FOK SITE 1 BY SEX4

(1) (£) (3) (4)
p1b Total 1.000
Fretest (1) Boys 1.00u
Girls 1.00U
Pl Total .bobL¥* [ VIVIY)
Fretest (2) Boys T12% 1.00v
uirls «057% 1.000L
MASC Total L123% <130% 1.00u
Pretest (3) boys o 1. 3% o125 1.000
Girls L1110 +133 1.000
MAS Total d46% JA72% o78% 1.00U
Posttest (&) Dboys « 1 YW 216* Lb2b* 1.000
tirls 41 J129% s X s 1.U0U
rASG Total N ETA LL54% L304% YD F
Posttest (5) Boys 220% L314% cJUY* J450%
Lirls A 44% w1Y7% 238% s 1D3%

*coCe

lotal dSample N = 445,
Pl - Frobability ‘lest.

#Boys = 217, #Ulrls

MAS - mathematics Attitude bscale.,
FAS - Frobability Atctitude bdeale,
Signiticant P < .01.

40
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TABLE

FEARSON CUKKELATION MATKLX
FUKR SL1E 2 bY SEXE

(1) (<) (3) (4)
pLo Total 1.000
Pretest (1) Boys 1.u0U
Girls 1.00U
¢T Total LObb* 1.000
Pretest (2) Boys d17% 1.000
Girls » 5P L* 1.000
MASC lTotal Ubb 202* 1.000
Pretest (3) boys J133% 295% 1.00U
Girls -.0uu 1 G7% 1.0uu
MAS Total LUD7 « 1 76% o Y™ 1.0uyY
Posttest (4) boys 11 9% c244% o7 LB 1.000
Girls -.030 ug7  T9U* 1.000
pasd Total 0066 c142% .330% 3b8*
Posttest (5) boys Ld0U L202% LLZBb¥* L33YF
Girls LOLU «U55 387* D2k

*¥aooop

lotal Sample N = 621, #Boys
FT - Probability Test.

MAS - Mathematics attitude bcale,
FAS - Probability Attitude Scale.
Signiticant P < .ul.

= 317, #uirls = 304
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TAbBLE C.6

FOK 511k 3 BY Sex4

CURRELATIUN MATRIX

(1) (<) (3) (4)
prb Total 1.000
Pretest (1) Boys 1.000
Girls 1.000
PT Total h46% 1.000
Fretest (2) Boys 2 DT9* 1.000
Girls 49 L¥* 1 .000
MASC Total 4% d14% 1.000
Pretest (3) boys Jd47% o1 DU* 1.00U
Girls o1 73% Y4 1.000
MAS Total 112% . 134% Jo7U* 1.u0u
Posttest (4) boys 104 2% bY3* 1.00uU
Girls .130 LUy JUYF 1.000
pasd Total -.001 -.032 202% .368%
Posttest (5) Boys -.011 -.062 24 l% e 324%
Girls 014 3171 J287% 2L¥

*rcocCch

Total Sample N = 39Z, #Boys = ZU3, #Girls = 1Y

¥l - Probability ‘lest.
MAS - Mathematics Attitude bScale.
PAS - FProbability Attitude Scale.

Signiricant P <

.UI L]
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TABLE C.7

RELIABILITY CUEFFICLENTS-CUCRUNBAULH o FOK MGHP PL,
MAS AND PAS BY SITE bY TIME BY GRALE BY SkX

pra rasPb PASC
PRETEST POSTTEST PRETEST POSTIEST
I\
sSite 1
Grade 6 149 .08 .07 04 B3 BU
Grade 7 139 .61 .81 B3 s 82 B2
Grade 3 157 o ) 82 o i U4 B4
Total 435 .70 7Y W W83 B2
boys 217 idd W BU b0 . BU V4
Girls 248 .00 w77 B3 83 03
Site 2
Grade © 34U .00 74 %) .80 « 80
Grade / 101 o 13 83 SO .00 oY
tGrade & To0 +07 273 .84 o5 00
Total bzl .bY A - .08 L8 6/
Boys 317 .14 B B0 «0Y . B0
Girls 300 «59 i | .0Y o/ 87
Site 3
Graade o 133 45 .90 o7 03 B4
LGrave / 150 59 79 LOh 1 .0b
Grade 8 10Y =1 W13 B2 B3 SBL
Total 392 « 56 i, .82 B0 W09
boys 203 1 77 B2 .86 . 80
Girls 18Y + 96 Dl B2 .86 . 04
"All
Grade 6 622 .01 o 71 O3 .85 85
Grade 7 380 .70 83 . O4 B89 87
Grade Y 444 .70 o B3 .00 1)
Total | 440 0o w79 « 04 00 x-Y
BOYS /31 sl d .ol o4 .Bb .bb
Girls 717 1D DL B 0L ol

4 pT - Probability 'lest (xange U-25).
b AS - Mathematics Attitudes bScale (kange 1-5).
C PAS - Probability Attitudes bdcale (RrRange 1-5H).
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dMiean, Standard beviations and AnNUVA Tables



Z10

TABLE D.1

MEANS &AND STANDARD LEVIATIONS OF MGMP FL, MAS, ANL FAS
SCURES FOR THE ENTIRE SANPLE BY TIMe bBY GKADE BY SEX

PREFTUTE POSTPTOLDL  PREMASC FUSTRasd  pase

I I\l M By I+

(S.U.)  (S.D.) (5.U0.) (S.Ue)  (5.L.)

Site | 444 /.394 1u. /12 3.o0Y J.351 3,315

(3.674)  (4.432)  (.b96)  (.011)  (.04U)

Site 2 b21 0.7/ 12.034 3. 230 3.16) 2.054

(3.695) (4.309)  (.970)  (.¥94)  (.Y3Y)

Site 3 381 ¥,202 14.465 Ja.230 3.104 S.Ubl

(3.UD8) £4,935) (.810) (.041) (.80Y)

Grade b bls /.Ul 10.%03 3.92U J.38Y J.uz7

{3.177) (3.750) (887) (.68/8) (.043)

Grade 7 379 Y.269 15.193 3.351 3.258 3.0U48

(3.773) (4.838) (.872) (+855) (.0697)

Grade B 445 Y.120 11.593 3.011 2.952 2.843

(3.802)  (4.259)  (L9uY)  (.86Z)  (.YbU)

boys 7125 9.92Y 12.104 3292 J.20Y9 Z.905

(3.071) (4.551) (940) (.910) (.9061)

Girls 721 Y.143 i1.44/ 3.349 3.230 2.90Y

(3.274) (4.U55) (.H02) (.00U) (.919)

AlLL la4b S.951 11.741 J.31Y 322U 2.U/u

(3.613) (4.3U9) (.UlD) (+000L) («941)

TCOoR

rropability lretest (kange U~=45).

Provabilicty Posttest (Kange U=-25).

Fretest Mathematics Attitude bScale (xkange 1-5).
rosttest Mathematics Attitude Scale (kange 1-5).
Probapility Attitudge dcale (Range 1-5).



MEANS AND STANDAKD DLEVIATIONS OF MGME P1,
SLUKLS FOK SITE 1

1TABLE bL.Z
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MAS ,

BY TlMk BY GRALLE bY SkX

AND FPAS

pid MASD PASC
IN rretest FPosttest Fretest Posttest
I I ! I [0

(&b (S.l.) (&alis) (dobe) (S.Le)

Graae 149 b.b3l Y.792 J.0U/7 34450 3.150
(3.347) (3.048)  (.947) (.010) (.50Y)

boys 16 6.Y74 10.16 3.508 34241 3.118
(4.043) (3.92) (.904) (.020) (.Y37)

Girls 73 6.274 9.41 3.648 3.276 3.194
(2.647) (3.0Y9) (.Y34)  (.810)  (.796)

Grade 138 /.023 11.094 3.450 3377 J.4bU
(3.2Y8) (4.0908) (.920) (.858) (.797)

Boys bb /.455 10.37Y 3048 3.407 J.208
(3.254) (4.706) (.871) (774) ./ 872}

Girls 72 1.718 11.750 3.373 3.350 3.018
(3.334) (4.620) (.962) {335 (+778)

Grade 1:5¢ 7.917 11.248 3.402 J.4lb 3.33Y
(4.U8b) (4.821) (.oUb) U 700) (.02b)

boys 74 8.1b2 11.905 3.937 3403 3.420
(4.204) (4.9106) (.8U7) (./7b) £ 235)

Girls 83 /.7UU 10.003 3.40U 3.304 3.201
(3.990) (4.656) (.828) (.749) (.901)

lTotal 444 7.394 10.712 J.2lUY 3351 3:313
(3.0/74) (4.432) (8Y0) LR (.04U)

Boys 210 74928 1U.644 3,549 3.304 3.270
(3.8Y3) (4.5/U) (O0U) (aded) { w33)

Girls 228 /.28 1U.00Y9 d.471 3.33Y9 3435%
(3.458) (4.3Ub) (e911) (+02b) (B847)

a nGhP Frobability test (xange U-45).
D mathematics Attitude Scale (Range 1-5).
C Probability Attitude Scale (rRange 1-5).
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LABLE bL.3

MEANS AND STANDAKD LEVIATIONS UF BGME PL, MAS, AND PAL

SCUOKES FOUR SITE 2 bY TIMk BY

GRALE BY Ska

pra MASD PASC
N rretest Posttest Pretest rosttest

M IV M Il M
{5 ls) (S.0.) (S.U.) (8ol ) (85ed

Graae 340 7.603 11.268 J.910 3404 Z.6U0
(3.109) (3.9/4) (.900) (.930) (943)

Boys 162 8.130 11.401 3.422 3.360 2.840
(3.411) (4.U%0) (.930) (.995) (1.u04)

Girls 1738 7.50U 11.140 3.590 3.444 .78
(2.781) (3.867) (J503) (.80Y) (.8806)

Grade 101 11./713 14.970 3.406 3.320 2.937
(3.861) (4.757) (.856) (.850) (+923)

Boys 293 12.67Y 15.506 3.o83 3.547 2.937
(4.094) (5.208) (.947) («945) (.011)

Girls 45 10U.6406 13.938 3212 3.UbY 2.04Y
(3.31u) (4.008) (.702) (+053) (.793)

Grade 180 Y.0061 11.033 2.022 £.013 Zelod
(3.053) (3.90Y) (.b6b) (.824) (03Y)

Boys 102 10.1Z20 12.049 2.613 Z.001 24335
(4.019) (4.425) (.000) (.81Y) (+04Y)
Girls 78 Y.051 11.551 2,035 2.028 2.220
' (3.U26)  (3.613)  (.5Y2)  (.836)  (.827)
Total 621 8.978 12.034 3,236 34161 2.054
(3.095) (4.3UY) (.970) (.954) (.939)

Boys 317 Y.530 12.303 J.1ob J.la? 2.094
(4.U77) (4.018) (.%90) (1.00Ub) (. Y9%87)

uirls 304 H.3Y5 11.091 3485 317> 2.6 12
{3.051%) (3.940) (Y40) (0Y08) (.007)

a4 MGMP Probability test (Kange U=45).
O mathematics Attituae Scale (Range 1-b).
€ Probavility Atctitude Scale (Range 1.95).



MEANS AND STANDAKD DEVIATIUNS OF nGlk PL,

219

TABLE D.4

LAS ,

SCUKES FOR SITE 3 bY TIhk bY GKALUE bY SkA

ANL PAS

1ASD PASC
N Pretest Posttest VYretest Fosttest
M M i M I

(S.D.) (Ssbs) (8sle) (8yDbs) (Sele)

Grade 133 b.63Y 11.496 3.45U 3.490 3« 44U
(2.687) (3.071) (.752) (.792) (.863)

boys 70 Y,257 12,057 3.419 34502 3.409
(2.847) {3.261) (.757) (.505) (.885)

Girls 63 {952 1U.875 2. 4bU 3.40Y 3.407
(2.358) (£.739) (+752) (.783) (843)

urade 140 Y129 13.979 3207 3.096 2 W2b
(3.2403) (4.282) (.819) (.837) (.840)

Boys 65 Y.40U 14,431 3,177 3.U85 2,805
(2.122) (4.448) (.70U0) (782) (.045)

Girls 75 .093 13.587 3.233 3.107 Z.04Y9
(2.274) (4.123) (.910) (+080b) { H31)

Lraae 108 Y.991 11.094 3.0U5 L.043 Z.900
(3.159) (3.844) (.8U4) (.7061) (.8bb6)

Boys 57 10.403 12,035 2.842 2./b0b 2.927
(3.160) (4.031) £+90U2) (.847) {.972)

Girls 51 Y.b00 11.314 J.lbb 2.940 J.U13
' (3.153)  (3.625)  (.64U)  (.678)  (.72Y)
lTotal 381 9.202 12.465 3.236 3.104 3.081
(3.058) (3,933} (.810) (.041) (+00Y

BOYS 192 __9.6U4 12.854 3.100 3.142 3.083
(3.U44) (4.004) (.817) (.855) (+Y30)

Girls 149 b.794 12.0bY J.3u4 J.lob J.L7Y
(3.02b) (3.770) (.79Y) (.820) (o4U)

4 MGMP Frobability test (rRange U-<25).
D mathematics Attitude Scale (kange 1-5).
C pProbapility Attituae Scale (kange 1-5).



1AbLE D.5

ANALYS1S UF VARIANCE SUMMAKY FOR MEAN LLFFERENCE BETwEREN
THE PUSTHAS2 ANU PASD SCORES FUR ThHE BNTLKE SAMPLE

Svurce or variation L.k, b b E<
Grade Z /.427 7 odsa* LUul
Sex 1 30 UYb 1357
Lrade X sex Y 3. 456 J.uY1 L4t

petween Groups 5

Within Groups 1440 1053

a4 PUSTMAS - Posttest lmathematics Artitude
PAS - Probability actitude beale.
* Signiticant P < ,001.

scale,



TABLE D.6

ANALYSIS OF VAKLANCE SUmMMARY FUR MAIN LLFFEKENGE BkTWEEN
THE POSTMASE AND PASD SCUKES FUR SITh 2

Source of Variation .k, 15 b E<
Lragex® 2 3.974 3.00U* JUZb
Sex 1 1.300 1.204 273
rade x sex Z 1.022 «MGY . 388

between Groups 5

Within Groups b5 1.050

4  POSTMAS - rosttest Mathematics aAttitude Scale.

L pas - Provability Atticude Scale,

*  Signiricant ¢ < .05,

*% Alternative to the test i lable 4.20., Grade level

contrasts are ouitted from this test.



TABLE DL.7

ANALYSLS OF VAKIANCE SUMMARY FUK MALIN LIFFERENCE BETWERN
THE POSTMASE AND PASP SCUKES FUR SITH 2

Source ot Vvariation L.F. 115 3 <
Grave** 2 7.711 5.0Ub* LLU7
Sex 1 089 LUY4 7129
Lrade x sex Z Uyl .Ubb 918

between Groups 5

wicthin Groups 315 G4l

¥ T

FUSTMAS - Posttest Mathematics Attitude Scale.
PAS - Probavility Attitude bScale.
Signiticant P < .ul,

*% plternative to the test in ‘table 4.22.

contrasts are owitted from this test.,

Grade level



TAbLE D.8

ANALYSIS UF VARIANCE bHUMMAKY FOK FASE

FOK SITRE 3

source ot Variation V.t Mo k P<

Grade 2 7.0Y 7.979% L0V

Sex 1 .19 022 L0683

Grade x sex 4 o7 417 05Y

Between Groups 5
within Groups 144U « 1O

f PAS - Prupability Attitude Scale,

Signiticant P < .0UI1.
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TAbBLE D.Y

ANALYS1S ur VAKIANCE SUMMAKY PUK MBAN AVERAGES Bilwhiiv
THE POSTHAS AND FAS HCOUKLED FUK BACH SLUL

bite 1: Source or Variation LD.bo b It r<
xrade &
Gl (7 vs. b) (1) ©,:52 7:51% ,QUb
GZ (B vs b & 7) (1) 85 T «323
Sex 1 U9 .1u Y o 2
Grade x sex 2 1.245 1 .44 «23Y
Between Groups 5
within Groups 430 308
Site Z; bource or Variation Lok, I K
urade V2 53.45 49.94%  LUUUT
Sex 1 (I V4 1.42 234
Grade X Sex Z 3.243 3.UZ LUOU
o)
015 1.07
Site 3: bource oi Variation Lol S K FP<
Grade Z 24,57 47.28%  L0UUT
Sex 1 22 4. 019
Grade X bex £ o 3Y 43 o1
between Lroups >
within Groups 375 .9U

* Significant ¥ < .U1l.



APPRNDIX b

Scherré's Post noc Comparisons
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Ot interest to the investigator was an attempt to tind
the exact testmanship (Hays, 1973)* and location ot
difterences between each pairwise comparison. Thus, atter a
signiricant F was tound tor a given factor (grade level or
sex), Schetté's posteriori comparisons were employed to
contrast relevant pairs of means. <The method due to
Schetté (195%) was used tor its advantages ot simplicity,
applicability to unequal group sizes, and robustness to
violation of normality ana homogeneity ot variance.
lloreover, there is no limit, unlike planned comparisons, as
to the number ot such pairwise comparisons that can be made.
Finally, Schefté's rost Hoc contrast permits comparisons tor
both within and between group cells.

According to Schetfté's (1959, P.71), a contrast is
signiticantly ditterent trom zero at the .U> level, (and in
tavour of the grade level or sex written tirst), it and only

if:
; > ba“, where
I ] ¥

‘@{ = the magnitude of the ditrerence between the two

compared means, and

- ~ . l l
o9 ?/Hbe(ﬁi' + HE)' where ny, ny are the cell

sizes cowpared, and

* According to Hays (1973, p. 413), testmanship means "how
big is a dirterence?"
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MSe = the mean square error ot the relevant test (MAS or

MGMF PT);

° T/(J-U FU.95, J=1, N-J°? where

Jd = 3 for grade level contrasts
J = 2 ftaor sex countrasts, and
N = the total number ot (within group) subjects

involved in the original multivariate aud univariate
analysis.*

The following Tables E.1 to E.Y, of various kinds ot
posteriori contrasts, are constructed, using the fornulae
described above. Each signiticant countrast is in favour ot
the grade level or sex factor written first in each

contrast.

* More discussion on Schetré's posteriori contrast was given
by Glass and Stanley (1970, Chapter 16).
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TABLE E. 1
SUMMARY OF SCHEFFE'S POSIEXKIOKI COMPARLSONSE
ON THE PRUBABLILILTY PRETEST UF
GKALE LEVEL BOYS AND GLKLS

Contrast 59y b
srade 7 Boys versus

Grade 6 Boys : 1.50 48
Grade 7 Girls versus

__Lrade 6 Girls a V.49 1.50%

4 A description of tnese comparisons is founa on
page 225,
$ indicates the difference between appropriate
means trom Table bL.2,

* Significant at the .U) level, in tavour or grade 7/
girls. ' :



SUMMAKY OF SCHEMFE'S PUSTExIUK]L COMPARISUNSAE

TABLE n.Z2A

OF MGMP PROBABILITY PRETEST MEAND FUK

BOYS ANL FOUR GIRLS IN SITe 2

Lontrast Litect 59§ §°
Grade ® Boys vs. Grade 6 Girls bSex T .04
Grade 7 Boys vs. Graade 7 Girls Sex 1.01 2,03%
Grade & Boys vs. Grade 8 Girls Sex 1.01 1.08%
Grade 7 Boys vs. Grade 6 boys Grade 133 4.o4*
Grade 7 Girls vs. Grade 6 Girls Grade 1.43 J.15%
Grade 7 Boys vs., Graue 8 boys Grade 1.42 2,55%
Grade /7 Girls vs. Grade 8 Giris Graae 1 .04 1.00%

& A description ot these comparisons is found on page 225.
# indicates the airterence between appropriate means
trom Table .3,

* Signiticant at the .05 level,

grade level written first in each contrast.

1in ravour or the sex or
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TABLE k.ZB
SUMMARY OF SCHEFFE'S PUSTRRIUKL CUMPAKLSONSE OF
MATHEMATLCS ATTITULE PRETEST MEANS OF GKADE
LEVEL BOYS AND GLIRLS IN SITE 2

Contrast kirect 33; ;b

Grade b Boys vs. Grade 7 Boys Lrade .34 .10

Grade 6 Girls vs. Grade 7 Girls Grade 35 ' 38%
Grade 7 Boys vs. Grade 8 boys Gravge 37 o
Grade 7 Girls vs. Grade 8 Girls Grade 39 «18%
Grade b Boyss vs. Grade 8 boys Grade o27 HY¥
Grade 6 Girls vs. Grade ¢ Girls Grade «4Y « Yo%

4 A description of these comparisons is ftound on page 225,

D ¥ indicates the uifterence between appropriate weans
trom Table D.3.

* bigniticant at the .0> level, i1n tavour ol the sex or
grade level written first in each contrast.
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TABLE E.3

SUMMARY OF SCHEFFE'S PUSTERIOKI COLPAKLSONSE OF BUTH
PROBABLLLITY AND MAThHEMATICS ATTITULE SCALE PRETEST
MBEANS OF SkX AND GKADE LEVEL BFFRECTS LN LH1TE 3

Contrast ritect 59§ P

Grade © boys vs. GLrade b Girls Sex V0% 1.31%
Grade 7 Boys vs. GLrade 7 Girls Sex 1.0 31

Grade 8 Boys vs. Grade & Girls Sex 1.13 . Y

Grade 7 Boys vs. Grade b Boys Grade l.20 A4

Grade 7 Girls vs. Grade b6 Girls Grade 145 Y4

Grade 5 boys vs. Grade 7 Boys Grade 1.33 <80

Grade 8 Girls vs. Grade 7 Girls Grade 1.33 1Y

Grade 8 Boys vs. Grade b boys Grade T+33 1.01

Grade 8 Girls vs. Grade b Girls Grade 1.38 1.73%
MAD :

Grade 6 Boys vs. Grade U boys Grade o35 . OB*
Grade 6 Girls vs. Graue 8 Girls Grade .30 « 30

4 A description ot these comparisons is round on page 245.

P § indicates the difterence between appropriate means
from Table b.4.

* bignificant at the .05 level, in tavour ot the sex or
grade level written tirst in each contrast.
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TABLE E.4

SUMMAKY OF SCHEFFE'S PUSTEKIOKL COMPAKLSUNS@ OF FT
AND MAS MEAN DIFFEKENCELS AND AVEKAGES
FROM PRETEST TO POSTTEST LN S1ik 1

Lriterion X
S5y 4P

Measure contrast

DIEMASC Grade 6 boys vs. Grade 7 boys 23 =19

Grade b Girls vs. Lrage 7 Girls «d3 =, 35%%

AVGPTULD urade 7 Boys vs. urade b boys 1.87 .3%
Grade 7 Girls vs. Grade b Girls Z2.12 1.92
Grade 8 Boys vs. Grade 6 boys .30 «2D

Grade 8 Girls vs. Grade 6 Girls o 27 .3b%

4 A description ot these comparisons is found on page
225

b §inaicates the ditterence between appropriate means
trom Table bL.Z.

¢ DIFMAbS - Mhathematics attitudes mean ditferences
(Posttest-FPretest).

d  AVGP1ULl - Probability Attituaes mean averages (Fretest
+ Posttest).

* Signiticant at the .U5 level, in favour ot the sex or
grade level weritten tirst in each contrast.

** The negative sign indicates that grade 6 girls
significantly lost more mathematics attitude than graae 7
girls.
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TABLE E.5
SUMMAKY OF SCHEFFE'S FUSTEKLUKRL CUMPAKISUNSE Ok

PROBABILITY TRST MEAN GAINS AND AVEKAGEDS
FROM PRETEST 10 POSTTEST IN SLITE 2

Criterion

895 §b
Measure Contrast
DIFMASC Grade Bboys vs. Grade 6 Boys YU U4
(Gains in Grade Girls vs. Grade b Girls 92 U4

probability Grade boys vs. Grade ¥ Boys 90 1,30%

~NoN NN

mean scores) Grade Girls vs., Grade 8 Girls 1.04 79
Grade b boys vs. Grage 8 Boys old 1.34%

Grade b6 Girls vs. Grade b uirls 02 LJlHe

AVGPTOTS Grade 6 boys vs. Grade b tirls  1.01 .45
(Averages in Grade 7 boys vs. GLrade 7 Girls .86 2.00%

probability Grace ¥ Boys vs. Lrade b Girls 1.41 19

mean scores) Grade 7 Boys vs. Lrade b boys 1485 4.5¢%

Grade 7 Girls vs. Grade b Girls 1.9Y0 2.97%

4 A description ot these comparisons is found on page 215.
¥ indicates the difference between appropriate means
from Table D.3.

¢ DIFMAS - Mathematics Attitudes mean difterences
(Posttest-Fretest).

'd AVGPTOT - Probability Attitudes mean averages (Pretest
+ Posttest).

* Signiticant at the .05 level, in favour ot the sex or
grade level written first in each contrast.



TABLE k.6

SUMMARY OF SCHEFFE'S POSTEKLORL COMPARISONS@ OF
PROBABILITY TEST MEAN GAINS FKUM PRETEST
10 POSTTEST LN SLTE 3

Contrast s&@ @b
Grade 7 Boys vs. Grade b Boys «95 Lel3*
Grade 7/ Girls vs. urade b Girls .94 1.77%
Grade / Boys vs. Grade 8 Boys 1.0v 3.20%
Grade 7/ Girls vs. Graue 8 Lirls 1.00 I Q%
Grade 6 Boys vs. Grade ¥ Boys .98 1.03*%
Grade b Girls vs. Grade ¥ Girls 1 .04 1.29%

4 A description of these comparisons 18 found on page 245.

b y indicates the uifference between appropriate weans
from Tlable D.4.

* Signiticant at the .05 level, in ravour of the sex or
grade level written tirst in each contrast.
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TABLE k.7
SUMMAKY UF SCHEFFE'S POSTERIORI CUMPARISONSE
FOR PRUBABILITY ATTITUDE SCALE BY
GRADE LEVEL FOK SITE 1

Lontrast 83@ ib <
Grade 7 to Grade o .24 e 3U* U5
Grade 7 boys to urade b bBoys - 34 A7 us
Grade 7 Girls to Grade & uirls . 34 VA U5
Grade ¥ tc Grade b .23 18 ns
Grade 7/ to Grade 8 l4 L2 ns

& A description of these comparisons is found on page 225,

b § indicates the difterence between appropriate PAS means
trom Table 4.23.

* bigniticant at the .U5 level, in favour ot the grade level
written first in each contrast,
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TABLE E

.b

SUMMAKY OF SCHEFFE'S POSTERLOKI COMPAKISUNS@
FOK PROBABLLITY A1TTITUDES SCALE MBANS

OF GRADE LEVELS FUR SITE 2

vontrast S&@ @b
Grade 6 vs. Grade / 2D Uz
Graage b6 vs. Grade 8 VA | b
Grade b boys vs. GLrade o boys .25 -~ R
Grade 6 GLirls vs. Grade 8 Girls + 30 «36%
Grade 7 vs. Grade 8 A 1%
Grade 7/ Boys vs. Graade ¥ Boys «38 .60%*
Grade 7 Girls vs. Grade & Girls <41 <41
4 A description of these comparisons is round on page 245.

b § indicates the ditterence between appropriate
trom Table 4.23.

* Signiticant at the .U5 level,
grade level written tirst in each contrast.

in tavour ot the

PAS means

sex or



TABLE E.9
SUMMAKY OF SCHEFFE'S PUSTEKLIURL CUMPARLSUNSE
PUR PROUBABLLLITY ALLITUDES SCALE MBANS
UF GRADE LEVELS FUR SITk 3

Contrast 5% @b

Grade 6 vs. Grade 7 W25 o1
Grade b6 Boys vs. Grade 7 Boys .30 . .6b%*
Grade b Girls vs. Grade 7 Girls .30 .97%
Grade 6 vs. Grade 8 .27 JOF
Grade 6 Boys vs. Grade 8 Boys 39 WS4
Grade b Girls vs. Grade ¥ Girls .39 .39
Grade 8 vs. Grade 7 W27 A4
Grade 8 Boys vs. Grade 7 Boys .30 A2
Grade 8 Girls vs. Grade 7 Girls .38 .Tb.

4 A descripticn of these comparisons is round on page 225.

b ¢ indicates the difierence between appropriate PAS means
trom Table 4.23.

* Signiticant at the .05 level, in favour of the sex or
grade level written tirst in each contrast.
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