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ABSTRACT

This is a study of mathematics achievement in Grade 8,
and an examination of some of the factors that may influence
it. The factors considered were anxiety, confidence, sex,
and prior mathematics achievement.

Grade 8 students from six schools located in urban and
rural areas participated in the study.

Students were required to answer an Anxiety-Confidence

Questionnaire which was from the man
Mathematics Attitude Scale. They also completed the
Concepts, Problem~-Solving, and Computation subtests of the
Canadian Tests of Basic Skills as measures of current

ics achi . school records were used

to determine the same students' scores on corresponding
subtests given two years previously.

Sex, mathematics anxiety, and prior mathematics
achievement were found to each contribute significantly to
current mal...matics achievement over and above the other
variables, with prior mathematics achievement having the
most impact. Current mathematics achievement was found ic
be negatively affected by anxiety and positively by
confidence. Both prior achievement and sex were found to
contribute significantly to the variances in anxiety and
confidence.

It was found that anxiety and confidence both

contributed significantly to the variance in current



achievement in the area of concepts. The influence of sex
on achievement was significant over and above the others
only in the area of computation.

Path analysis showed that the direct effect of sex on
achievement which favoured females was offset by tha
indirect effects of sex on azhievement via anxiety and
confidence, both of which worked in favour of males.

In general, females tended to exhibit higher anxiety
and males higher confidence even when their performance was
the same. However, the separate sex analysis showed that
anxiety correlated more highly with current achievement for
males whereas confidence correlated more highly with current

achievement for females.
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CHAPTER 1

BACKGROUND

Introduction

In recent years there has been considerable discussion
of the psychological aspects of mathematics education. Not
only is the cognitive area being examined but the
contribution of other factors is being considered as well.
For example, Aiken (1970) recommended that in researching
mathematics achievement, non-intellective variables as well
as intellective variables be considered since "only about
half the variance in mathematical achievement can be
accounted for by differences in abilities" (Aiken, 1971, p.
209) .

Aiken (1970), in his review of attitudes towards
mathematics, cited Dutton (1968) as reporting that it was
the junior high school which seemed to be the critical point
in the determination of attitudes towards mathematics. He
also cited Brown and Abel (1965) who found that correlates
between attitude and achievement were higher for arithmetic
than for spelling, reading, or language. Schofield (1982),
in contrast, examined the relationship between the
mathematics attitude of elementary school children and their
achievement and found no significant relationship between
them. He cited Riedesel and Burns (1973) who reviewed the

teaching of elementary school mathematics and contended that
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although it would seem that attitudes to and achievement in
mathematics should be positively and substantially related,
at that time there was no body of research to support such a
relationship.

In Newfoundland and Labrador, mathematics achievement
is below the national average as measured by the Canadian
Tests of Basic Skills (Blagdon 1986). It is imperative that
this low achievement be investigated, possible reasons
postulated and solutions formulated.

Since attitudinal factors may influence present
performance in mathematics, another related problem was also
considered. That is, the problem of keeping students
enrolled in higher level mathematics courses. Because
secondary school mathematics is required as a prerequisite
for many professions today, the continuation of its study
should be encouraged among our young people. Sherman (1982)
suggested a relationship between a lack of confidence in
oneself as a mathematics learner and the discontinuation of
the study of mathematics. Stanic and Reyes (1986) stated
that confidence in learning mathematics is one of the
strongest attitudinal predictors of mathematics course-
taking. Aside from its possible effect on mathematics
performance then, lack of mathematics confidence may
indicate that mathematics courses will be dropped at the

earliest opportunity.



An analysis of sex differences in mathematics
achievement was also investigated in this study. If sex
differences do exist then it would be helpful to know
whether or not they are related to, or perhaps mediated by,
such affective variables as mathematics anxiety and
confidence in mathematics. Since sex differences begin to
appear at the junior high level when sex-typed interests are
beginning to emerge (Hilton & Berglund, 1974), this is an
appropriate age-group on which to focus.

Finally, in examining this relationship it should be
kept in mind that not only may attitude affect performance
but performance may affect attitude formation as well.
Aiken, cited in Hilton and Berglund (1974), suggested that
there is a dynamic interaction between attitude and
performance. Therefore this study also looked at previous
mathematics achievement and its relationship to the
affective variables of mathematics anxiety and confidence in

mathematics.

Purpose of the Study

The purpose of this research was to determine whether
or not certain affective variables contribute significantly
to mathematics achievement in Grade 8. In particular,
anxiety and confidence in mathematics were measured and the

researcher tried to determine whether these factors



contribute significantly to the overall variance in
mathematics achievement over and above the effect of prior
achievement.

With respect to sex differences in mathematics, the
objective of this research was to show that the relationship
between sex and mathematics achievement is attenuated in the
presence of confidence and anxiety.

The following are the specific questions which this
research investigated:

G N What is the relationship between prior achievement

in mathematics as measured by Canadian Tests of

Basic Skills, Grade 6 (CTBS 6) and present

achi in ics as measured by Canadian
Tests of Basic Skills, Grade 8 (CTBS 8)?

2. What is the relationship between anxiety in
mathematics and mathematics achievement in Grade
82

3. What is the relationship between confidence in
mathematics and mathematics achievement in Grade
87

4. Is anxiety in mathematics related to the sex of
the subject?

5. Is confidence in mathematics related to the sex of
the subject?

6. Is confidence in mathematics related to prior

achievement?



7. Is anxiety related to prior achievement?

8. Are there signiiicant differences between the
sexes in mathematics achievement?

9. Are sex differences in mathematics achievement
more pronounced in Grade 8 than in Grade 6?

10. Are anxiety and confidence significantly related

to each other?

Theoretical Significance

The results of many studies regarding sex differences
in mathematics achievement have been rather ambiguous.

There is no conclusive evidence regarding the magnitude of
the differences found, the kinds of mathematics affected, or
the age at which males begin to outperform females.

However, there is some evidence to indicate that this
phenomenon may occur around adolescence (Maccoby, 1974) -
the junior high school level.

It has been shown that anxiety is negatively related to
achievement in that highly anxious students have lower
achievement than low anxious students (Aiken, 1970;
Richardson and Suinn, 1972). Consequently, anxiety can be
debilitating. However, a certain minimal amount of anxiety
may be necessary to motivate one to perform. Some low
anxious students may have already given up in mathematics

and therefore exhibit low performance. This could indicate



that this may not be a linear relationship. The present
study tried to clarify this relationship.

Although both anxiety and confidence in mathematics
have been shown to be related to achievement (Stanic &
Reyes, 1986), as well as to sex (Reyes, 1984), it is not
known how sex differences in achievement nmay be related to
the sex differences in these particular variables. Maccoby
(1966) concluded that anxiety plays a different role for the
two sexes, in that "correlations between measures of anxiety
and measures of aptitude or achievement are substantially
negative for girls and women, while the correlations are
either low negative, zero or positive for boys and men"

(p- 30). This study investigated whether or not sex
differences in achievement are attenuated in the presence of
either of the variables of mathematics anxiety or confidencze
in mathematics.

In most studies using the Fennema-Sherman Mathematics
Attitude Scale, eight of the nin~ attitude constructs have
been considered. In this research only two of these,
anxiety and confidence in mathematics were examined, but
their effects on current mathematics achievement were
estimated only after taking the effect of prior achievement
into account.

This research adds to present evidence relating to
achievement in the field of mathematics education by

identifying the strengths of the relationships between



anxiety and achi as well as confidence and

achievement at the junior high level, and by establishing
vhether or not these variables contribute significantly to
the variation in mathematics achievement when prior

ics achi is led.

Bocial Bignificance

It is vital to consider the affective variables which

relate to mathematics performance. Payne (1982) stated:

Many educators feel that the treatment of
affective concerns should be pursued not only
because they influence learning but also because
they influence an individual's ability to
participate effectively in a democratic society,
are necessary for a healthy life, and interact
with occupational and vocatinnal satisfaction.

(p. 1185)

The affective variables of mathematics anxiety and
confidence in mathematics may be considered opposites with
respect to the feelings elicited when mathematics is
encountered. Many adults struggle with a strong aversion to
anything mathematical - a condition which has been dubbed
mathophobia. One of the consequences of such feelings is

mathematics avoidance, which was found to be more prevalent



among females than males (Sells, 1978). Whether low
enrollment of females in protessional areas such as
engineering, which require a good mathematics background, is
directly related to mathematics anxiety on the part of
females, is not definitely established. If continued
participation in mathematics is a goal, however, it is
imperative thet students feel confident in :his area.
Johnson (1984) stated, "By the time students reach college,
it may be entirely too late to cause basic changes in
attitude" (p. 1369). In fact, it may be reasonable to
suggest that early negative attitudes may result in fewer
females enrolling in mathematics at the college level.
Johnson (1984) further suggested that "female deficiency in
mathematics aptitude at the college level may be fossilized
remains of transient attitude differences occurring during
early adolescence" (p. 1369). Reyes (1984) pointed out that
"affective variables have been found to be related to the
underrepresentation of these groups (i.e. females,
minorities, low-SES students) in mathematics classrooms and
careers requiring mathematics knowledge" (p. 559).

Hilton and Berglund (1974) reported that their "data
indicated there is a close relationship between a student's
perception of mathematics and his performance in it"

{(p. 237). If there exists such a relationship, and if it

can be shown that anxiety is significantly correlated with
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mathematics achievement, then corrective measures should be
taken to alleviate anxiety and therefore boost achievement.

It is important to note that teachers can be a
tremendous influence on student mathematics confidence
(Beauvais, 1985). The type of feedback which a student
receives is vital to his or her performance. If anxiety is
shown to be related to the sex of the subject, then males
and females may have to be treated differently in
mathematics classrooms. In light of the fact that Becker
(1981) reported that teachers already treat males and
females differently perhaps attributing to male dominance in
this area, it is necessary to rethink what is happening.

It is important that every student be provided with an

equal opportunity to become mathematically literate. If

alleviating anxiety and trying to build confidence in

mathematics is a step toward this goal, then it is necessary

to establish this with evidence from research.

Research Framework

The sex factor in mathematics achievement has been
studied from many different perspectives in the past, and
this study takes another look at sex differences in
mathematics achievement specifically in Grade 8. A proposed
model of this study is portrayed in Figure 1.1. From this
model other models of the same type were developed and

analyzed.



ANXIETY
Pl \

PRIOR CURRENT
MATHEMATICS
ACHIEVEMENT | ACHIEVEMENT

Figure 1.1. Proposed model of mathematics achievement.
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It should be noted that the reciprocal relationship
between anxiety and confidence was not examined according to
this model. In order to have an arrow between these two
variables in Figure 1.1, the model would have to be
respecified and at the present time there is a lack of
consensus as to how such a relationship could be estimated.

The research investigated the effects of four
independent variables, sex, prior mathematics achievement,
confidence in mathematics, and mathema.ics anxiety on the
dependent variable, current mathematics achievement. When
mathematics achievement was viewed as a whole, a total
mathematics score was used in comparing prior achievement
and current achievement. It seemed likely, however, that
the relationships among the variables could become clearer
if total achievement were broken down into its various
components. They were Concepts, Problem-Solving, and
Computation. Therefore each aspect of mathematics
achievement was examined using analogous models where the
effects of sex, anxiety, confidence, and prior achievement
on current achievement was observed in each specific area.

Using these models, the highest correlaticns would be
expected among tiie achievement variables for two reasons.
First, mathematics is inherently hierarchical; and second,
there are numerous studies in the literature which
demonstrate that current achievement in mathematics is

predicted by prior achievement. That is, a student who
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performs well in Grade 6 will also perform well in Grade 8
and conversely, a child who has low performance in Grade 6
will probably also have low performance in Grade 8. Many
studies use prior achievement as a control variable because
if a factor accounts for achievement after controlling for
prior achievement, then one may be confident that the
relationship between the factor and achievement is not
spurious.

With respect to sex differences in performance, it
would be expected that since males tend t. outperform
females in secondary school but not in elementary school
(Maccoby and Jacklin, 1966), this research should find a
higher correlation between sex and present performance (CTBS
8) than between sex and previous performance (CTBS 6).

As for the relationships of anxiety and confidence to
sex of subject, there is reason to believe that sex is
correlated negatively with anxiety in mathematics. That is,
males tend to have lower scores than females (Fox, Fennema
and Sherman, 1977). This may be due to females being more
open about reporting anxiety in general. Similarly, males
tend to be more confident in mathematics hence a positive
correlation between sex and confidence variable could be
expected. Anxiety and confidence are related to each other
in that if a person has low anxiety, it would be reasonable

to assume that he or she has a great deal of confidence in
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that area. Conversely, low confidence would be correlated
with high anxiety.

The effect of prior achievement on anxiety and
confidence levels is one which concerns every educator.
since students who have lc."t performance probably experience
high anxiety while those with high performance are less
anxious, the correlation between prior achievement and
anxiety was expected to be negative. Similarly, the
relationship between anxiety and current achievement was
also expected to be negatively correlated although the
relationship may not be linear. Highly anxious students
often experience low achievement, and their low achievement
then contributes to greater anxiety. Students low in
anxiety exhibit higher performance and their high
performance enables them to have more confidence in
mathematics. However, students with very low anxiety may in
fact not have enough anxiety to motivate them to perform at
all. In this case low anxiety wonld correlate with low
performance.

on the other hand, confidence and nerformance should be
positively correlated. A person with a high level of
confidence should also have a high level of performance.
This high performance in turn builds confidence. Therefore
both prior achievement and confidence, as well as confidence
and current mathematics achievement should exhibit positive

correlations.
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In this study, the intermediary effects of anxiety and
confidence with respect to sex differences were also
considered. That is, anxiety and confidence may have
obscured whatever sex differences there were in mathematics
achievement. In other words, it is the sex difference in
these two affective variables which correlated with sex
difference in achiev.ment more so than the direct

correlation of achievement with sex differences alone.

Limitations

The generalizability of the findings of this study
depends on the degree that the sample is representative for
the population of Grade 8 students in Newfoundland. With
this in mind, it should be noted that this study is
restricted to a single grade level as it only investigated
Grade 8 students. Also all of the data was collected from
students enrolled with the same Board of Education, although
both rural and urban students are represented. Thirdly, the
sample is limited to those students who were willing to
participate in this study and for whom all of the necessary

information was available.
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CHAPTER 2

REVIEW OF RELATED LITERATURE

This chapter presents a literature review of certain
factors proposed in previous studies to affect achievement
in mathematics. Each variable proposed in Figure 1.1 (see
page 10) is taken in turn and the theory related to each is

described.

Sex Dif in ics Achi

Differences in mathematics achievement between males
and females have been observed for many years. Numerous
studies have investigated this matter in various ways.
Maccoby (1966) reviewed the field of sex differences in the
cognitive area and found few differences in mathematics in
elementary school. In 1974 Maccoby reported that in

quantitative ability:

the majority of studies on more representative
samples show no sex differences up to adolescence
and when sex differences were found in the age
range 9-13, they tend to favour boys. After this
age, boys move ahead; and the sex differences
become somewhat more consistent from one study to

another. (p. 85)



Aiken (1987) in his review of the literature on sex

aif in tical ability d that any

differences were not pronounced before high school. With

respect to ma ics achi » the variable

in this study, he stated:

...several investigations and reviews of sex
differences in mathematical achievement
(Armstrong, 1980, Fennema & Carpenter, 1981,
Marshall, 1984) have concluded that, at grade six
and beyond, boys are somewhat superior to girls in
arithmetic reasoning (e.g., story problems) and
that girls are somewhat superior to boys in
arithmetic fundamentals (e.g., computations). It
has also been reported that the factor structure
of mathematical abilities becomes more
differentiated with age, males showing a greater
number and more strongly differentiated factors
than females after junior high school. (Dye &

Very, 1968, p. 26)

Benbow and Stanley (1982) reported that males were
superior in mathematical reasoning. In their Study of
Mathematically Precocious Youth (SMPY) between the years of
1972 and 1974, they followed longitudinally the development
of 2188 students who were identified as being in the top 5%

in mathematical ability in Grades 7 and 8. Unexpectedly,



they found substantial sex differences in mathematical
reasoning ability which persisted over time. It must be
pointed out that they dealt with a specific segment of the
population rather than a normal classroom group.

Hilton and Berglund (1974) concluded that sex
differences increased with age and that sex-typed interests

during adol females tended to be

more self-conscious at this stage of their develupment, they
may have been reluctant to be seen as mathematica.ly
precocious. There has been considerable controversy
regarding the existence of sex differences in mathematics.
Fennema and Sherman (1977) studied 1233 students in grades 9
to 12. They were tested during four classroom sessions
within a two month period and the researchers contended that
"the generalized belief that females cannot do well in
mathematics is not supported" (p. 69). Benbow and Stanley
(1980), on the other hand, suggested that sex differences in
mathematics aptitude existed between males and females with
the same formal educational experiences. Further they
concluded that these differences were due to male
superiority.

Maccoby (1966), in a summarization of many studies in
this field, reported findings according to various aspects
of mathematics. For counting and computation, females
outperformed males or no differences were found. In

mathematical reasoning, males outperformed females or no



differences were found. For spatial visualization and
restructuring, males outperformed females. Generally, if
sex differences appeared, they favoured males for high level
cognitive tasks and females for low-level cognitive tasks.
With respect to anxiety in mathematics females tended to be
more anxious than males. Johnson (1984) concluded that the
male advantages he found in problem-solving were related to
spatial and mathematical ability. Hanna (1986) studied
"Sex Differences in the Mathematics Achievement of Eighth
Graders in Ontario". Her sample consisted of 3523 students
who were tested with a pretest and a posttest covering five
broad topics in mathematics. She found no statistically
significant differences for either algebra, arithmetic or
probability and statistics, but males gave more correct
responses for geometry and measurement.

Armstrong (1981) cited Fox and Cohn (1980) who found
significant sex differences in achievement favouring junior
high school males as measured by scores on the Scholastic
Aptitude Test in Math (SAT-M). Ethington (1984) concluded
that sex had a significant effect on mathematics achievement
even when spatial ability, background in mathematics, and
interest in mathematics were controlled.

At the eighth grade level, Crosswhite (1985) in the
Second International Mathematics Survey of 7000 students in
a one year period found no overall patterns of differences

in ma ics achi males and females. In




19
contrast to this, Sawada, Olson, and Sigurdson (1981),
studied over 3000 students from each of Grades 3,6,9, and 12
and found large sex differences in mathematics achievement
favoring males. Brandon, Newton, and Hammond (1987) found
that, in Hawaii, females performed even better in
mathematics than males. They stated that "sex differences
in mathematics achievement worldwide vary by ethnicity along
a continuum ranging from moderate differences favouring
females to large differences favouring males" (p. 454).

In Newfoundland and Labrador, the results of the
Canadian Tests of Basic Skills in Grade 8 (Blagdon, 1986)
showed that females outperformed males on mathematical
skills (i.e. computation) which is consistent with previous
findings. However, sex differences in overall mathematics
achievement were not found. In a study of Grade 9 students
in Newfoundland, Hipditch (1987) found that there were few
sex differences in algebra. 1In the case of geometry he
found no differences for coordinate and plane geometry but
significant differences in favour of males for

transformational geometry.

Mathematics Anxiety and Mathematics Achievement

Aiken (1970) reviewed the literature with respect to
attitudes in mathematics and cited Brown and Abel (1965) as

clearly demonstrating that "the correlation between pupil
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attitude and achievement was higher for arithmetic than for
spelling, reading or language" (p. 559).

Attitude has many facets and anxiety is only one
component of attitude toward mathematics. Richardson and
Suinn (1972) defined mathematics anxiety in the following
way. "Mathematics anxiety involves the feelings of tension
and anxiety that interfere with the manipulation of numbers
and the solving of mathematical problems in a wide variety
of crdinary life and academic situations" (p. 551). Fennema

and (1976) rated the of attitude

in the Mathematics Attitude Scale, which consists of nine
subscales, recognizing that the domains of these subscales
intersect. Fennema and Sherman (1978) and Tsai and Walberg
(1983) found that attitudes towards mathematics correlate
with mathematics achievement in the junior high school.
Attitude and anxiety are very closely related. Aiken
(1970) said that "attitudes are affective variables, so some
relationships between a measure of attitude and a measure of
anxiety toward a particular school subject should not be
unexpected" (p. 563). He further cited Alpet et al
(1963) , Degnan (1967), Stephens (1960), and Werdelein (1966)
as finding significaat correlations between performance in
mathematics and measures of attitudes and anxiety towards
mathemztics. Aiken's review (1970) also reported that Reese
(1961) , who studied 539 fourth and sixth grade students

during a one week period, "obtained a correlation of -.25
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between scores on the Children's Manifest Anxiety Scale and
arithmetic achievement in 4th and 6th grade girls when IQ
was partialled out" (p. 563).

Elmore (1985) reported that positive attitudes towards
mathematics influenced achievement. Wooley (1982) cited
Danills and Hewitt (1978) as finding anxiety to have a
highly consistent effect on performance. Gliner (1987)
studied 95 students in Grades 9 through 12 and found that
higher levels of mathematics anxiety were related to lower
levels of mathematics achievement. Clute (1984) said that
"studies have shown that high achievement in mathematics is
related to low anxiety for students from grade school
through college" (p. 50).

There has been much written not only on the
relationship between mathematics anxiety and performance,
but also on the relationship between anxiety and sex, and
then performance. Chansky (1966) studied 23 Grade 9
students and found that anxiety as measured by the
Children's Manifest Anxiety Scale was negatively correlated
for females but for males anxiety was unrelated to
achievement. With this in mind, it was necessary not only
to investigate the relationship between anxiety and
achievement but also to do so separately for males and
females. Although there may not be sex differences in
mathematics anxiety (Tsai & Walberg, 1983), and there seems

to be no consistent pattern to show that one sex has more
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positive feelings than the other, Fennema (1974b) stated
that "measures of attitudes and anxiety are better
predictors of mathematics learning for girls than for boys"
(p. 186).

Sherman (1982) reported that "differences in
mathematics achievement when found were accompanied by less
favorable attitudes towards mathematics on the part of
girls" (p. 132). Schofield {1982) also found that "attitude
toward mathematics tends to be less positive and less
variable in girls than in boys" (cited in Aiken, 1987,

p. 30). Contrasting to this, Wooley (1982) found in his
study that females had a significantly higher positive
attitude toward mathematics but he also cited Sepie and
Keeling (1978) and Phillips (1967) who found higher female
anxiety. The extent to which anxiety effects the
relationship between gender and attitude towards mathematics

needs clarification through further study.

Confidence in Mathematics Performance
and Mathematics Achievement

Another aspect of attitude toward mathematics is the
confidence felt toward the subject. It refers to a person's
belief in his or her ability to learn and use mathematics.
It is very similar to what is sometimes referred to as
academic self-concept. Aiken (1970) cited Berstein (1964)
as demonstrating the effects of certain feelings. If a

student experiences the same feelings for a time, these
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feelings will lead to a particular self-image which will
influence expectations and in turn influence performance.
Stanic and Reyes (1986) in their study of seventh-graders
said “confidence in learning mathematics has to do with how
sure a student is of her or his ability to learn and perform
well in mathematics" (p. 6). They further suggested that
confidence in mathematics had a significant positive
correlation with mathematics achievement and was one of the
strongest predictors of mathematics course taking. Fennema
and Reyes (1981), in an extensive observational study of 82
high and low confidence students in Grade 7, found that
confidence in mathematics was positively correlatsd with
student achievement.

Although Mevarech (1986) used the term mathematical
self-concept, she was measuring the student's perception of
his or her math matics aptitude. This is a construct which
is very similar to confidence in mathematics. She studied
117 Grade 7 students over a three month period and one of
her conclusions was that mathematics achievement and
mathematics self-concept were significantly correlated.
Padwal (1984), in a Canadian study of 85 junior high school

students, found that self pt and ic achi

were significantly positively correlated. He concluded that
"the implication of this finding is that students' academic
performance depends not only on how capable they are, but

also on how capable they think they are" (p. 7).
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Confidence, like anxiety, has been studied with respect
to sex differences. Reyes (1984) reported that gender
differences in mathematics achievement were usually
associated with gender differences in confidence. Matthews
(1984) concurred with the view that confidence is important
to the understanding of gender-related differences. Webb
(1981) found that the females in her study had less
confidence in their ability to learn mathematics than males.

Fennema and Sherman (1977) concluded that while females
do not have less aptitude for mathematics, certain socio-
cultural factors contribute to the apparent deficiency in
female achievements in mathematics and mathematically-
related professions. They contended that different sex-role
perceptions and experiences with mathematics contributed to
a lack of confidence in mathematics on the part of females.
Fennema and Sherman (1977) cited Dornbusch (1974) as showing
females to be "less confident of their mathematical
intellectual abilities" (p. 53). This means that females do
not think they can achieve as well as males do in
mathematics even if their performance shows otherwise.
Perhaps this is why Schofield (1982) found that females'
attitudes towards mathematics did not predict their
performance as well as males' attitudes predicted theirs.

Holloway (1986) cited Fox, Fennema and Sherman (1977)
and stated that "sex differences have also been found on
affective and motivational variables such as anxiety, self-

confidence, and valuing of mathematics" (p. 232).
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Mura (1987) cited Robitaille (1977) who reported that
"girls in grades 5-8 showed less confidence than boys in
their ability to perform arithmetic calculation, while they
actually performed better than boys" (p. 16). Robitaille
(1977) , who studied 5440 students in Grades 5 through 8,
stated that "despite the fact that the girls consistently
outperform the boys as regards achievement in only 3 out of
the 20 cases is the girls' mean self-confidence score
greater than that of the boys" (p. 20). In that study
achievement was measured only in terms of computation. It
should be noted however that Benbow and Stanley (1982) did
not find sex differences in attitudes towards mathematics
even though they found sex differences in achievement at the
seventh-grade level.

With respect to the interrelatedness of the two
affective variables under investigation, Clute (1984) cited
Fennema and Sherman (1976) as showing that "mathematics
anxiety is strongly but negatively correlated to mathematics
confidence" (p. 50). This seems very logical in that a
person who feels confident toward his or her ability to do

mathematics would also experience low anxiety about it.

Prior Mathematics Achievement and
cs Al

Generally speaking, in education the best predictor of
academic achievement is previous academic achievement. In

developing the concept of mastery learning, Bloom (1978)
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that the of achi is so

P ned by early of or failure that
after primary school the relative ranking of students in a
class remains almost perfectly fixed. Inherent in his
theory is also the idea that how one views one's ability in
a certain area, that is, one's self-concept of ability, is
largely influenced by previous achievement. In this study,
the construct confidence in mathematics was viewed as being
very similar to self-concept of ability in mathematics, and
so the relationship between previous achievement and
confidence was considered as well. Similarly, experiences
help determine how anxious one feels about mathematics.
Therefore, the relationship between prior achievemznt and
anxiety was examined. Since students were unaware of CTBS
results, it was necessary to assume that these scores
reflected the school grades which, when given to the
students, influenced their positive or negative attitudes.
Aiken (1971) stated:

It is a truism that one of the best predictors of

an individual's future behaviour is what he has

done in the past. Barnes and Asher (1962) found

that the best single predictor of 9th grade

algebra mark was the 8th grade algebra mark.

(p. 205)
Howe (1982) concluded that entering mathematics and reading

scores were the best predictor:s of final grade.
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Padwal (1984) found that intelligence and academic
achievement were significantly positively correlatea.
Alexander (1983) reported that the best predictor of later
test performance was earlier test performance.

It was expected then to find a high correlation between
CTBS 6 scores and CTBS 8 scores in this study, although the
cognitive variables are not the only ones considered here.
Aiken (1970) cautioned that investigations of mathematics
achievement should include non-intellective variables since
differences in abilities do not account for most of the
variance in mathematics achievement.

Although the idea that non-:.ifellective variables
contrii:ute to our understanding of mathematics achievement
is not a new one, few studies specifically address the
impact of such variables when taking the cognitive ones into
account. One study which clearly did this was that of
Padwal (1984), who studied 85 students in Grades 7 and 8.

He investigated the relationship of self-concept to
intelligence, anxiety and academic achievement. As
previously explained, self-concept is similar to confidence
in mathematics, and although Padwal used a combination »f
IQ, CTBS scores and first term marks as a measure of
intelligence rather than only CTBS which this researcher
used as an indicator of previous achievement, his results
can be referred to in relation to this study. He found a
positive correlation between self-concept and achievement

with and without intelligence partialled out.



Conclusion and Hypotheses

This study helps clarify whether or not sex differences
exist in mathematics achievement at the Grade 8 level. More
than that, it tried to show whether sex differences in
achievement, if they exist, may be attributable to sex
differences in anxiety and confidence. By separate sex
analysis it examined where the differences do exist. The
results of this study showed that affective variables such
as anxiety and confidence are important predictors of
achievement even when the impact of prior achievement is
controlled.

By examining the separate components of the CTBS
mathematics section, in conjunction with separate sex
analysis, it is even more clearly seen that differences
occur which are specific to a particular area of
mathematics, whether it be concepts, problem-solving, or

ion. The of ics which are affected

by anxiety or confidence in either males or females were
clarified. After examining the results of this study, more
direction is possible for future research.
Based on the review of the literature the researcher
proposed the following null hypotheses in this study:
1. There will be no significant relationship between
CTBS 6 and CTBS 8.
2. There will be no significant relationship between
mathematics anxiety and mathematics achievement in

Grade 8.
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3% There will be no significant relationship between
confidence in mathematics and mathematics
achievement in Grade 8.

4. There will be no significant relationship between
anxiety and sex of the subject.

5. There will be no significant relationship between
confidence and sex of the subject.

6. There will be no significant relationship
between prior mathematics achievement and
confidence.

P There will be no significant relationship
between prior mathematics achievement and
anxiety.

: There will be no significant differences between
the sexes in mathematics achievement in either
Grade 6 or Grade 8.

9.  There will be no significant relationship between
mathematics anxiety and confidence in mathematics
in Grade 8.

Each achievement variable was examined on four

constructs. They were Concepts, Problem-Solving,
Computation, and Total Mathematics (a composite score

derived from the other three).



CHAPTER 3

RESEARCH PLANS AND METHODOLOGY

In this chapter the various procedures involved in
completing this study are described. First there is the
description of the sample and test instruments. Following
this the procedure of the study is given as well as the
proposed analysis of the model. Finally, there is a section
on the pilot study which was undertaken prior to the

collection of the main data.

sample

The sample used for this study consisted of Grade 8
students from six different schools in various regions of
Newfoundland with both the urban and rural areas being
represented. The subjects were all enrolled in schools
operated by a single Board of Education. The total number
of subjects for whom all the necessary information was
available was 150, 76 males and 74 females. The data was
personally collected by the researcher. These were all
Grade # students assigned to the same mathematics course
(the regular Grade 8 curriculum) and so comprised a

relatively h group. se of the nature of this

research separate analyses were done for males and females.
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The co-operation of the Board Superintendent, as well
as the principals, teachers, parents, and students was
acquired. A parental consent form, as well as a letter
explaining the study, was sent home with each child, and
returned to the homeroom teacher (See Appendix A)
Anonymity was ensured by having the co-operating teachers
transcribe the necessary CTBS 6 scores from the students'
permanent records, and then assigning each of them an
identification number. This number was then used to

identify him or her on the various tests.

Research Instruments

Mathemacics Achievement

Mathematics achievement in this study was measured by
the mathematics sections of the Canadian Tests of Basic
Skills for Grade 8. This is the Level 14 section of the

test. The three of the ics section are

Mathematics Concepts, Mathematics Problem-solving, and
Mathematics Computation. The test called Mathematics
Concepts examines how well students understand the number
system and the terms and operations used in mathematics.
The second test entitled Mathematics Problem-Solving
examines the skill of the student in solving mathematics
problems. The third is a test of mathematics computation

which tests proficiency in working with the operations in
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ics. These i have reported internal
consistency reliability coefficients ranging from 0.87 to

0.96.

Mathematics Anxiety

Anxiety is only one component of attitude towards

ics. The h ics Attitude Scale developed by
Fennema and Sherman (1976) is composed of nine subscales and
anxiety is one such subscale. The complete Fennema-Sherman
Mathematics Attitude Scale has a split-half reliability
ranging from 0.87 to 0.93 (Sherman 1982) but the reliability
measures for all of the subscales are not given separately.

However, they have been used and analyzed separately in

previous studies ( Yy 1981). and Sherman

(1976) defined the anxiety subscale as follows:

The Mathematics Anxiety Scale (A) is intended to
measure feelings of anxiety, dread, nervousness,
and associated bodily symptoms related to doing
mathematics. The dimensions range fror feeling at
ease to feeling distinct anxiety. Th. scale is
not intended to measure confidence in, or

enjoyment of, mathematics. (p. 326)

Since only seven items appear on this subscale, three more
were added by the researcher. The subjects provided answers

in one of four categories. They are Strongly Agree, Agree,
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Disagree, or Strongly Disagree. Because there are only four
choices, students did not have the opportunity to choose a
middle, uncertain category. The pilot test results revealed
an alpha reliability measure of internal consistency for

this Mathematics Anxiety Scale of 0.90 (See Pilot sStudy).

Confidence in Mathematics

This construct is also a component of mathematics
attitude and is based on a subscale of the Mathematics
Attitude Scale (Fennema-Sherman 1976). Their research

defined the confidence subscale as follows:

The Confidenc cs Scale

is intended to measure confidence in one's ability
to learn and to perform well on mathematical
tasks. The dimension ranges from distinct lack of
confidence to definite confidence. The scale is
not intended to measure anxiety or mental
confusion, interest, enjoyment, or zest in

problem-solving. (p. 326)

The split-half reliability for each scale on the MAS
(Mathematics Attitude Scale) is given in the literature as
> 0.89, but because the researcher added four more items, a
pilot test was conducted and analyzed to determine
reliability. This being done, an alpha reliability of 0.92

was found (See Pilot Study).



Prior Mathematics Achievement

Prior achievement was measured by CTBS 6 whose scores
are part of each student's permanent record. There are
three components as well as a total mathematics score
recorded on the CTBS results. They are M-1 Concepts, M-2
Problems, and M-3 Computation. The percentile ranks of each

of these as well as the percentile ranks of the total

mathematics scores were with the corr

results gathered in this study for each component of CTBS 8.

Procedure

Both the Mathematics Anxiety Scale and the Confidence
in Mathematics Scale were included on the same questionnaire
(See Appendix B). This questionnaire was piloted with a
small group before the main study was carried out.

Over a two week period in May 1988, the researcher
administered the Anxiety-Confidence Questionnaire and the
three subtests of CTBS 8 to 200 Grade 8 students in six
schools. The co-operation of homeroom teachers was acquired
for supervision purposes but all instructions were read
aloud by the researcher. The tests were strictly timed,
given in a consistent order, and took about three class
periods to complete. They were administered and hand-scored
by the researcher in accordance with the CTBS Manual

guidelines.
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The raw scores for each item on the Anxiety-Confidence
Questionnaire were entered on the data file. The raw scores
of each CTBS subtest were converted to percentile ranks
before being entered into the computer. For the Total
Mathematics measure, the grade equivalents of each subtest
were averaged and the resultant grade equivalent then
converted to percentile rank for comparison purposes.

The CTBS 6 scores for each subtest in the mathematics

section as well as the total math tics score in ile

rank were acquired from students' permanent school records.

Analysis

Each hypothesis proposed in Chapter 2 was examined
using Pearson product-moment correlations, and then each
model proposed was subjected to a multiple regression
analysis. This procedure was then parallelled for each sex
separately. The existence of a non-linear relationship and
the possible presence of interactions was examined, and

finally, path analysis was undertaken.

Correlations

In this study the relationships between variables was
analyzed using the Pearson product-moment correlation
coefficient. Borg and Gall (1983) stated that "the

correlational method allows the researcher to analyze how



several variables, either singly or in combination, might
affect a particular pattern of behavior" (p. 575).

Here the scores for CTBS 6 and CTBS 8 were compared in
order to find out the degree of their relationship. Anxiety
and confidence scores were each compared with CTBS 8.
Previous mathematics achievement as measured by CTBS 6 was
correlated with each of present anxiety and confidence
scores. The variable sex was compared with each of anxiety,
confidence, CTBS 6 and CTBS 8. In all cases each component
of the mathematics section of CTBS 6 and CTBS 8 was
examined. The 0.05 level of probability was accepted as
evidence of a significant relationship. The SPSS-X program
was used to perform the necessary statistics on the

computer .

Regression Analysis

Aiken (1987) recommended that in future research on sex
differences in mathematics, particularly those studies which
involve both affective and cognitive variables, multivariate
techniques should be used to analyze the data. Borg and
Gall (1983) defined multiple regression as "a multivariate
technique for determining the correlation between a
criterion variable and some combination of two or more
predictor variables" (p. 596).

The multiple regression analysis in this study is
based on Model #1 (See Figure 3.1), which involves both

affective and cognitive predictor variables.



Key: x;= SEX = Sex of Subject

X3= PMA = Prior Mathematics Achievement

X3 = ANX = Anxiety

X4 = CONF = Confidence

X5= CMA = Current Mathematics Achievement

Figure 3.1.

Model #1 with variables.



The relationships shown in Figure 3.1 were tested by

using the following equations. The theory suggests that

PMA = { (SEX) or xz=f (x¥1)
ANX = £ (PMA, SEX) or x3= £ (x2, X3)
CONF = £ (PMA, SEX) or x4= f (X2, X1)

CMA = f (SEX, PMA, ANX, CONF) or xs= £(x4, X3, X2, X1)

These functional relationships lead to the following
equations:
(1) %2 = ag+ byx1+ Ep
(2) x3= ag+ byxi+ byxp+ Ep
(3) x4=agp+ byxy+ byxa+ E3
(4) x5 = ag + bixi+ byxa+ b3xa+bgxs+ E4

Equations 1-4 tested linear relationships.

(5) x5 = ag+ bixi+ byxa+ b3xz+ bg(x3) (xa} bsxg + Es
This equation checked %o see if anxiety is better defined as
a non-linear relationship. In this case, the variable x3

needed to be standardized as follows:

Sx3= (xx3- ®x3)/ SDx3

(6) X5= ag + byxi+ byxa+ baxa+ byxq+ bs(x2) (X3} Eg

(7) Xs5= ag + byxy+ baxa+ bixz+ bgxg+ bs(x2)(xq) E7
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Equations 6 and 7 examined the interaction effects between
prior achievement and anxiety and confidence. Variables x32,

x3, and x4 had to be standardized for these equations.

(8) x5= ag+ byxy+ bpxa+ b3x3+ bgxg+ bs(x1) (%3} Eg

(9) xs5= ag+ bixi+ baxa+ byxa+ bgxg+ bs(x1) (Xg)} Eg

Equations 8 and 9 examined the i ion effects
sex of subject and anxiety and confidence. Variables xj,

x3, and x4 had to be standardized for these equations.

Using multiple regression analysis for each model
suggested, the coefficient of determination or R? for the
complete model was derived. This statistic indicates the
degree of fit of the model. It shows the proportion of
variance in the dependent or criterion variable which is
accounted for by the independent or predictor variables.

The amount of variance explained by each variable was
calculated and the significant contribution of each variable
over and above the others was statistically determined. The
t-test was used to determine the significance of the
contribution of each independent variable.

A separate regression analysis was necessary for each
equation suggested. That is, both a non-linear relationship

and possible interactions were tested.
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Path Analysis

On the basic model (See Figure 3.1), path analysis was
conducted. Borg 2ad Gall (1983) stated that "path analysis
is a method for testing the validity of a theory about
causal relationships between three or more variables that
have been studied using a correlational research design"

(p- 606).

In order to examine, for example, whether or not
previous achievement caused feelings of anxiety or
confidence, the path coefficients were determined by
statistical analysis. "A path coefficient is a standardized
regression coefficient indicating the direct effect of one
variable on another in the path analysis" (Borg and Gall,
1983, p.610). In this study sex is the only exogenous
variable. That is, it is the only variable in the model
which lacks a hypothesized cause. Anxiety, confidence,
previous achievement, and current achievement are all
endogenous variables with hypothesized causes as shown by
the arrows in the model (See Figure 3.1). The path
coefficients are the same as the Beta coefficients
calculated in the multiple regression. Having determined
these path coefficients, it was possible also to calculate
indirect effects among the variables. This is particularly
true of the paths SEX — ANX - CMA and SEX - CONF - CMA. The
paths PMA - ANX - CMA and PMA -~ CONF -+ CMA were also

examined.



Pilot Study

Objectives

The pilot study was undertaken with several objectives
in mind. It was first necessary to ascertain the amount of
time it would take to administer the Anxiety-Confidence
Questionnaire, and secondly, to determine whether or not it
was feasible to read each question orally for more complete
understanding. Thirdly, the results of the pilot study
would enable the reliabilities of the instruments to be
computed as well as a factor analysis to be performed.
Since the researcher had added a total of seven items to the
original subscales of the Fennema-Sherman Mathematics
Attitude Scale, accurate data needed to be obtained before
the questionnaire could be used for the main sample.

The Anxiety-Confidence Questionnaire was piloted with
45 subjects from Grade 7. These were not part of the final

data collection.

Results

It was determined that the questionnaire took about 15
minutes to complete and that reading the questions orally,
in the opinion of the researcher, facilitated understanding.
The alpha reliability for the Mathematics Anxiety Scale
derived from the pilot study was 0.90 and the alpha
reliability for the confidence in Mathematics Scale derived

from the pilot was 0.92.
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Tables 3.1 to 3.4 record the factor analysis results of
the pilot study for the Anxiety~cConfiacnce Questionnaire.
From the high correlations among the items of each scale, it
was concluded that no items needed to be deleted, but that

all were appropriate to use in the main study.
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Table 3.3
Factor Analysis Results: Anxiety Model (Pilot Study)

Factor Eigenvalue Factor Score

Loadings Coefficients
a1 .696 5.442 .128,
az .750 1.201 .138
a3 .763 .824 .140
A4 .825 Pl 8 .152
as .503 .481 .092
A6 .795 .395 .146
A7 +696 .329 .128
A8 .703 .264 .129
A9 .810 .259 . 149
alo .783 .095 .1l44

Alpha reliability = 0.90



Table 3.4

Factor Analysis Results: Confidence Model (Pilot Study)

Factor Eigenvalue Factor Score

Loadings Coefficients
c1 .825 5.833 . 141
c2 .533 1.319 . 091
c3 .781 .783 .134
ca .782 .639 .134
cs .662 .441 .113
ce .509 .362 .087
c7 .872 .270 . 149
c8 .775 .143 +133
c9 .899 .122 .154
c1o0 .883 .088 .151

Alpha reliability = 0.92



CHAPTER 4

RESULTS

Introduction

The purpose of this study was to examine the
relationships among sex, anxiety, confidence, prior
mathematics achievement, and current mathematics achievement
in Grade 8. The sample consisted of 150 students for whom
data was available on each of the variables mentioned. In
this chapter the results of the factor analysis of the
Anxiety-Confidence Questionnaire are given. Each research
question stated in Chapter 3 is answered and the
corresponding hypotheses accepted or rejected. Following
this, the results of the analyses of possible interactions
of variables is discussed. Results of the path analysis are
recorded in Section 5. Finally, the separate sex analysis
is described and the results given.

‘Through factor analysis, the appropriate weights for
each item on the two parts of the Anxiety-Confidence
Questionnaire were determined. On the basis of these
weights, scores for anxiety and confidence were computed for
each subject. Each subtest of the CTBS 8, mathematics
section, was personally hand-scored. They were Concepts
(CP}, Problem-Solving (PS), and Computation (CM). The raw

scores were converted to grade equivalents and then to
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percentile ranks, as percentile ranks have nearly the same
characteristics as an interval scale. The total mathematics
score was derived by averaging the grade equivalents and
then converting to percentile ranks. The prior achievement
scores were simply copied from the student's permanent
school record. In this study female was coded (2) and male

was coded (1) so that positive correlations favour females.

Factor-Analysis of the
Anxiety-Confidence Questionnaire

From the pilot test results, it was expected that the
reliabilities of both the Anxiety and Confidence sections of
the guestionnaire would be very high. Based on the results
of the total sample, the alpha reliability for Mathematics
Anxiety was 0.90 and the alpha reliability for Confidence in
Mathematics was 0.94.

Tables 4.1 and 4.2 show the matrices for Anxiety and
Confidence respectively. They tell how well each item on the
questionnaire correlates with each other item. All
questions on each scale were shown to be highly related to
one another and so accurately measured the construct.

Figures 4.1 and 4.2 show the measurement models for the
constructs Anxiety and Confidence respectively. The factor
loadings indicate how well each item correlates with the
construct. The residuals on each item were calculated by
using the formula (1-h2)“where n? represents the

communality.
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Factor Loadings Residuals

0.748

0.661

Eﬂ -« 0.599
0.734

———’——”Tﬁ_ﬁ* «—— 0.754

0.801

0.680

0.827

0.669

0.572

0.628

Figure 4.1 Measurement model: Anxiety



Factor Loadings Residuals

CONFIDENCE

Figure 4.2 Measurement model: Confidence
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Tables 4.3 and 4.4 show the factor analysis results for
Anxiety and Confidence, from which the following compute

statements were derived.

ANX (Anxiety) = fsc(ay - 31/SDa1) + f£sc(az - 33/SDaz)

+... + fsc(ajg-a10/SDajg) where aj to ajp refer to each item

of the anxiety scale, and fsc is the factor score

coefficient for each item.

similarly CONF (confidence) = fsc(cy =1/ SDe1)+
fsc(cy-Ca/SDC3) + ...+ fsc(c10-E10/SDc10) where ¢ to cip
refer to each item of the confidence scale, and fsc is the

factor score coefficient for each item.

Prior to discussing the research questions, the models
used for the multiple regression analyses are listed in
Figures 4.3 and 4.4 and the basic correlation matrix for all

the variables used in this study is given in Table 4.5.



Table 4.3

Factor Analysis Results: Anxiety Model

Factor Eigenvalue Factor Score

Loadings Coefficients
Al .664 5.363 124
A2 .750 .890 .140
A3 .801 .756 .149
A4 .775 .629 .145
A5 .734 .530 .137
A6 .657 .503 .123
A7 .562 .403 .105
A8 .744 .346 .139
A9 .820 .330 +153
Al0 .778 .251 «145

Alpha Reliability = 0.90



Table 4.4

Factor Analysis Results: Confidence Model

Factor Eigenvalue Factor Score

Loadings Coefficients
c1 .848 6.642 .128
c2 .763 .731 .119
c3 -877 .491 .132
ca .715 .464 .108
c5 .806 .436 .121
cée .755 . 347 .114
c7 .887 .294 .134
c8 .732 .258 .110
c9 .909 .191 +137
cio -834 - 144 +126

Alpha Reliability = 0.94



Mathematics Anxiety

F = Confidence in Mathematics

PMA(TM6) = Prior Mathematics Achievement (Total
mathematics score, grade 6)

CMA (TM8) = Current Mathematics Achievement (Total

mathematics score, grade 8)

Key: ANX
CON.

Figure 4.3. Model #1: Total mathematics achievement.



Figure 4.4.

= Mathematics Anxiety

Confic nce in Mathematics
Concepts (Grade 6)
Concepts (Grade 8)
Problem-Solving (Grade 6)
Problem-Solving (Grade 8)
Computation (Grade 6)
Computation (Grade 8)

Analogous models L:ing concepts, problem-
solving, and computation respectively.

=r
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Results Relating to Hypotheses

Question 1

What is the relationship between prior achievement in
mathematics as measured by CTBS 6, and present achievement

in mathematics as measured by CTBES 8?

Hypothesis: There is no significant relationship between

CTBS 6 and CTBS 8.

The Canadian Tests of Basic Skills, mathematics
section, is composed of three parts. These are mathematics
concepts (CP), problem-solving (PS), and computation (CM).
The total mathematics score is designated in the tables as
TM.

There is a significant relationship between previous
achievement. in mathematics and present mathematics
achievement. (See Table 4.5) Each subtest in Grade 6
showed a significant relationship to each subtest in Grade
8, the highest correlations being between corresponding
subtests. For example, the correlation between CP6 and CP8
is higher than the correlations between CP6 and PS8 or CP6
and CM8. The null hypothesis for this relationship must be
rejected.

In order co examine the strength of this relationship

in the presence of other variables hypothesized to also
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affect present mathematics achievement, Model #1 (See Figure
4.3) was proposed and tested. The results of the multiple
regression for this model are recorded in Table 4.6.

Analogous models (See Figure 4.4) using the separate
components of CTBS 6 and CTBS 8 yielded results as recorded
in Table 4.7 and Table 4.8.

Model #1, using total mathematics as a measure of
prior and present achievement in the presence of sex and
confidence, explains 56% of the variance in present
mathematics achievement (R-square = .56), whereas the models
using CP, PS, and CM are less powerful. Similarly, although
all of the prior achievement-present achievement
relationships are significant, the total mathematics
relationship is the strongest one. TM6 alone accounts for
approximately 31% (betaz) of the variance in TM8. It should
be noted that in this study the variables are not orthogonal
in that they exhibit correlations with each other which are
greater than zero. Therefore the statistic beta’is an
underestimate of the variance explained by each variable so
that the percentages guoted here are not as accurate as they
would be had all of the variables been truly independent of
each other. Keeping this in mind, CP6 alone accounts for
approximately 12% of the variance in CP8, PS6 alone accounts
for approximately 24 % of the variance in PS8, and CM6 alone
accounts for approximately 12% of the variance in CM8. Of

the three subtests, prior achievement, is the strongest



Table 4.6

Regression Analysis Results for Model #1.

CMA (TMS8)
Independent
variables B SEB Beta L sign t
SEX 5.340 2.665 ©.118 2.004 0.047

PMA  ('TM6) 0.511 0.059 0.560 8.595 0.000
ANX -4.789 2.337 =-0.213 -2.049 0.042

CONF 2.009 2.344 0.090 0.857 0.393

Multiple R 0.74

R-Square 0.56
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Table 4.8

Regression Analysis Results for Computation

CM8

I

Variables B SEB Beta b Sign t
SEX 8.158 3.075 0.195 2.653 0.009
ANX -4.572 2.674 =-0.221 -1.710 0.090
CONF 1.916 2.678 0.093 0.716 0.475
TM6 0.258 0.057 0.352 4.538 0.000

Multiple R = 0.56

R-Square = 0.32
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predictor of present achievement in the area of problem-
solving.

Of the variables included in Model #1, TM6é had the

greatest impact on the variance in TM8. (See Table 4.8)

Question 2

What is the relationship between anxiety in mathematics and

achievement in Grade 8?2

Hypothesis: There is no significant relationship between
anxiety in mathematics and achievement in

Grade 8.

There are significant relationships between anxiety
and each of CP8, PS8, CM8, and TM8. Anxiety and achievement
are correlated strongly and negatively. If a student has
low anxiety, he or she has high achievement, whereas a
highly anxious person has low achievement and vice-versa
(See Takle 4.9).

Model #1 was again used to determine the strength of
the anxiety-achievement relationship in the presence of
other predictor variables. Table 4.6 indicates that anxiety
is a moderately powerful predictor of achievement in Grade
8. In fact, this variable helps explain the variance in

mathematics achievement over and above the effects of prior



Table 4.9

Pearson Correlations between

Achievement in Grade 8.

Anxiety and Mathematics

Anxiety
Dependent Variables r significance
CP8 (concepts) —0.538 0,000
Ps8 (problem-solving) ~0.424 0.000
CM8 (computations) -0.379 0.000
TM8 (total mathematics) -0.,517 0.000
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achievement, sex, and confidence. Anxiety alone explains
approximately 5% (betaz) of the variance in present
mathematics achievement. Therefore it can be stated that
the way one feels about mathematics significantly influences
performance over and above the powerful influence of prior
achievement, as well as over and above the moderate, but
significant, influence of sex on achievement.

When sex, confidence, and prior achievement were
controlled, separate subtest analysis (See Table 4.7) showed
that the relationship between anxiety and mathematics
achievement was significant only for the subtest of
Concepts.

The null hypothesis for the relationship between
mathematics anxiety and current mathematics achievement in

Grade 8 must be rejected.

Question 3

What is the relationship between confidence in mathematics

and mathematics achievement in Grade 8?7

Hypothesis: There is no significant relationship between
confidence and mathematics achievement in

Grade 8.
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Table 4.5 shows that confidence-achievement is a
significant relationship in each subtest examined as well as
in total mathematics. Of the three subtests, confidence
showed the highest correlation with Concepts 8, and the
lowest correlat’on with Computations 8.

In examining the strength of this relationship in the
presence of sex, anxiety, and prior achievement, it was
found that the confidence-achievement relationship was not
significant (Sec Table 4.6). Since anxiety and confidence
are highly correlated, it appears that in the presence of
anxiety, the effect of confidence is severely attenuated.
In this case anxiety is behaving as a suppressor variable,
in whose presence the full impact of confidence on
achievement is not felt. Model §2 was constructed to check
whether or not cor.fidence alone had a significant
relationship to TM8 over and above the effects of sex and

prior achievement.



Figure 4.5.

Model #2: Revised mathematics achievement
model .
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Without the suppressing effect of anxiety in the
multiple regression equation, confidence showed a
significant relationship to TM8, over and above the effects
of SEX and TM6 (See Table 4.10).

Interestingly, Table 4.7 reveals that for the subtest
of Concepts, confidence does have a significant relationship
to achievement even ir the presence of anxiety. Therefore,
although it would seem from the analysis using Total
Mathematics as the achievement variable (See Table 4.6) that
anxiety and confidence are measuring nearly the same thing,
the separate subtest analysis showed that the constructs
behave differently.

The null hypothesis for the relationship between
confidence in mathematics and current mathematics

achievement in Grade 8 must be rejected.

Question 4

Is anxiety in mathematics significantly related to the sex

of the subject?

Hypothesis: There is no significant relationship between

anxiety and sex of the subject.



Table 4.10

Regression Analysis Results for Model #2.

CMA (TM8)
I
Variables B SEB Beta T Sign t
SEX 4.509 2,616 0.099 1.723  0.087
M6 0.540 0.058 0.594 9.332  0.000
CONF 5.578  1.487 0.246 3.750  0.000

Multiple R = 0.75

R-Square = 0.56
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Table 4.5 records the basic correlation matrix of all
the variables used in this study. The Pearson correlation
coefficient is 0.282 and the zero-order relationship between
sex and anxiety is significant. Given, however, the very
great influence which prior achievement could have on
anxiety, a regression analysis using Model #3 (See Figure
4.6) clarified the strength of each relationship.

The relationship between sex and anxiety is significant
over and above the powerful influence of prior achievement
(See Table 4.11). Analogous models were tested for
Concepts, Problem-Solving, and Computation which showed that
the relationship between sex and anxiety is significant in
each case in the presence of prior achievement in each
subtest (See Tables 4.12, 4.13, 4.14). Sex is correlated
most highly with anxiety when Computation 6 is held constant
(beta = 0.318). Sex correlates least with unxiety when

Concepts 6 is held constant (beta = 0.273).

Question 5

Is confidence in mathematics significantly related to the

sex of the subject?

There is no significant relationship between

confidence and the sex of the subject.



Figure 4.6.

Model #3: Anxiety Model.
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The zero-order relationship between sex of subject and
confidence in mathematics is -0.249 and is significant (See
Table 4.5). The negative sign on the coefficient means
that males score high on confidence in mathematics while
females have low scores on confidence, and vice-versa. As
in the case with anxiety, this relationship was tested in
the presence of TM6 and was significant over and above the
powerful influence of prior achievement on current
mathematics achievement. Model #4 was used to estimate this
relationship. The results of this analysis are recorded in
Table 4.11. Tne same is true for each subtest of
Mathematics as shown Tables 4.12, 4.13 and 4.14. Of the
three subtest analyses, sex correlates most with confidence
when Computations 6 is held constant (beta = -0.288) and
least when Concepts is held constant (beta = -0.241).

The null hypothesis for the relationship of confidence

and sex of the subject must be rejected.

Question €

(a) 1Is confidence significantly related to prior

achievement?

(b) Is anxiety significantly related to prior achievement?



Figure 4.7.

/ CONFIDENCE

Model #4: Confidence Model.

78



79
Hypotheses: (a) There is no significant relationship
between prior achievement and confidence
in mathematics.
(b) There is no significant relationship
between prior achievement and

mathematics anxiety.

The zero-order relationship for prior achievement and
confidence as well as the zero-order relationship for prior
achievement and anxiety were both significant (See Table
4.5). Both relationships were tested in the presence of sex
in the multiple regression analyses (See Tables 4.11 -
4.14). Prior achievement contributes significantly to the
variance in both anxiety and confidence over and above the
influence of sex for each subtest, as well as when total
mathematics is used as the measure of prior achievement. 1In
each case also, prior achievement is a better predictor of
anxiety and confidence than is sex.

When total mathematics is used as the measure of prior
achievement, this variable alone contributes at least 23%
(beta ) to the variance in anxiety and 26% (beta®) in
confidence. The null hypothesis for this relationship must

be rejected.
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Question 7

(a) Are there significant differences between the sexes in
mathematics achievement?
(b) Are sex differences in mathematics achievement more

pronounced in Grade 8 than in Grade 6?

Hypothesis: There are no significant differences between
the sexes in mathematics achievement in

either Grade 6 or Grade 8.

The zero-order relationships for sex with mathematics
achievement in Crade 6 and Grade 8 are not significant (See
Table 4.5). For all subtests except Concepts in both
grades, as well as for total mathematics achievement, the
sign on the relationship is positive indicating that high
achievement favours females in these areas.

Table 4.6 shows that when the sex-achievement
relationship is tested while controlling for the effects of
anxiety, confidence, and prior achievement, it is a
significant relationship, and it favours females. Table 4.6
records the model which has total mathematics as the measure
of achievement. By using this type of analysis, it is
possible to statistically control for factors which
undoubtedly confound the true relationship of sex with

achievement. This means that if it were possible to get two
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groups, one of males, and the other of females, with exactly
corresponding anxiety, confidence, and prior achievement
levels, the females would outperform the males. Sex alone,
however, accounts for only 1% of the variance in total
mathematics in Grade 8.

Tables 4.7 and 4.8 show the effect of sex on
achievement for each of the subtests of CTBS 8. It is in
the area of Computations only that females show a
significantly better performance than males although the
direction of the relationship favours females in all cases
when the variables of anxiety, confidence, and prior
achievement are controlled.

The relationship between sex and mathematics
achievement in Grade 6 is not significant, and in Grade 8 it
is significant only when the affective variables are
controlled. The null hypcthesis for this relationship must

be accepted for Grade 6, but rejected for Grade 8.

Question 8

Are anxiety and confidence significantly related to each

other?

Hypothesis: There is no significant relationship between
mathematics anxiety and confidence in

mathematics in Grade 8.
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Table 4.5 shows that the anxiety-confidence

relationchip has a Pearson r of -0.842 and is significant
The negative sign means that high anxiety correlates with
low confidence and that low anxiety correlates with high
confidence. Because of the high covariance between these
two variables, confidence can be regarded as a suppressor
variable when used in the same equation with anxiety.
Consequentily, the effect of anxiety is attenuated in the
presence of confidence and vice-versa. The regression
analyses revealed that they do in fact act as suppressor
variables of each other when they are present in the same
regression equation. For example, the relationship between
confidence and anxiety is not significant in the presence of
anxiety (See Table 4.6) whereas it is significant when
anxiety is not present in the equation (See Table 4.10).

The null hypothesis for this relationship must be rejected.

Analysis of Interactions
and Non-linear Relationships

As proposed in Chapter 3, a functional equation was
examined to see if the relationship between anxiety and
achievement is a non-linear one. If, for example, both low
and high anxiety correspond to high achievement, then the
polynomial expression in the multiple regression analysis
should capture a significant amount of the variance in total

mathematics achievement. This equation is as follows:
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xs= £(x1,%2,%3, (x3)2,xq)
where X5 = total mathematics achievement in grade 8
X1 = sex
X2 = prior mathematics achievement

x3 = anxiety

x4 = confidence

It appears that the polynomial term, (anxiecy)z, does
not contribute significantly to the variance in mathematics
achievement in Grade 8 (See Table 4.15). Anxiety alone,
however, is significantly correlated wit’h achievement (beta
= - 0.216). Therefore, it can be concluded that anxiety and
achievement are linearly correlated in a negative direction.

It was also suggested in the functional equations in
Chapter 3 that there was a possibility that prior
achievement could be interacting with anxiety or confidence
influencing mathematics achievement. The two equations which

follow were proposed t. investigate these possibilities.



Table 4.15
Regression Analysis Results for Model #1 including the

Polynomial Expression.

CMA (TMB)

TVariables B SEB Beta T Sign t
SEX 5.335 2.674 0.117 1.995 0.048
ANX =4.845 2.405 =-0.216 =-2.014 0.046
(anx) 2 0.112  1.070 0.006 0.105 0.917
CONF 2.029 2.360 0.091 0.860 0.391
PMA 0.509 0.062 0.558 8.199 0.000

Multiple R 0.75

R-Square 0.56
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x5= £ (X1,X2,X3,X2X3,X4)

and x5= £ (X1,%2,%X3,%2X4,X4)
where %5= TM8 (total mathematics achievement-8)
X1 = sex

X2 = prior achievement (TM6)
X3 = anxiety
x* = contidence

X2X3= interaction 1 (TM6 * ANX)

X%4= interaction 2 (TM6 * CONF)

The variables involved in the interactions were standardized

before the interaction scores were computed.

Neither of the interactions improves the model of
mathematics achievement significantly. For example, without
the variable INT 1, Model #1 explains 56 ¥ of the variance
in TM8,and with this variable added, the model explains
56.5% (See Table 4.16). Thi. small amount of increase in
explanatory power does not warrant the inclusion of the
Interaction 1 variable. The sane is true for Interaction 2.
Also, neither the relationship of Interaction 1 and
mathematics achievement nor the relationship of Interaction

2 with mathematics achievement is statistically significant.
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Similarly, two equations were tested which included the
possible interactions of sex with anxiety, and sex with

confidence. These were

X5= £ (X1,X2,X3,X1X3,%4)
and xs= f (X1,X2,X3,X4,X1X4)
where X5 = TM8 (total mathematics 8)
X1 = sex
Xz = TM6 (total mathematics 6)
X3 = anxiety
X4 = confidence
x1%3= Interaction 3 (sex * anx)

X1X4= Interaction 4 (sex * conf)

Again the variables involved in the interactions were
standardized before the interaction score was computed.

As with the previous interactions, the overall
explanatory power of the model was not improved as a result
of their inclusion (See Tabls 4.17). The R? for the models
with interactions 3 or 4 added is still 56%. Also neither

the relationship 3 ion 3 and ics

achievement nor the relationship between Interaction 4 and

mathematics achievement is statistically significant.
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Path Analysis Resulte

From the low path coefficient of pathy; and the high
residual on the variable PMA (prior mathematics
achievement), it can be concluded that sex explains almost
none of the variance in mathematics achievement in Grade 6
(See Figure 4.8).

For the endogenous variable anxiety (x3), both sex and
prior achievement show statistically significant
relationships to it, although the residual (0.831) indicates
that most of the variance in this variable is still coming
from outside the ones included here. Sex and prior
achievement explain 31% of the variance in mathematics
anxiety.

Similarly for confidence in mathematics, both sex and
prior achieveacut (total mathematics-grade 6) show
statistically significant relationships to it, but the
residual (0.825) also indicates that most of the variance in
this variable is coming from outside the model. Sex and
prior achievement in mathematics explains 32% of the
variance in confidence.

The main endogenous variable, current mathematics

achi (x5), as d by total ics-8 has a

lower residual than any of the other variables in the model.
Less than half of the variance in current achievement comes
from outside the model. Anxiety, prior achievement, and sex

all have significant relationships to current achievement.
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The influence of confidence is not significant in the
presence of the other variables. 56% of the variance in
current mathematics achievement is explained by the
variables in the model.

The relationship of sex to current mathematics
achievement consists of a direct effect and three main
indirect =iiects in this model. One indirect effect of sex
on achievement is via anxiety, another via prior
achievement, and a third via confidence. These were
investigated and the results are shown in Table 4.18.

Although the direct effect of sex on current
achievement is statistically significant, its total effect
is negligible. It appears that the effects of anxiety and
confidence both work against the females in suppressing the
influence of sex on current mathematics achievement.

The relationship of prior achievement to current
achievement has a direct effect and two indirect effects in
this model. One indirect effect is via anxiety and the
other via confidence (See Table 4.19).

Prior mathLematics achievement is a most powerful
predictor of current mathematics achievement. Its direct
effect is quite high in itself but its total effect mediated
by each of anxiety and confidence is even higher at 0.714
compared to 0.560. Therefore it can be concluded that
unxiety and confidence are both important in influencing

current mathematics achievement.



Table 4.18

Path Analysis Results for the Effact of Sex on

Current Achievement

CMA (TM8)
Independent Direct Indirect Total
Variables Effect Effect Effect
Sex 0.118 0.052
Sex - Anx -0.064
Sex - TM6 -0.024
Sex -+ Conf 0.022
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Table 4.19

Path Analysis Results for the Effect of Prior

cs Achi on cs

Achievement
CMA (TM8)

Independent Direct Indirect Total
Variables Effect Effect Effect
PMA (TM6) 0.560 0.714
PMA - Anx 0.102
PMA - Conf 0.046
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arate Sex Analysis

In order to find out where actual sex differences lay
and how the sexes behaved differently particularly with
reference to anxiety and confidence, the complete multiple
regression analyses were performed first for males, and then
for females, using the models shown in Figures 4.9 and 4.10.

All prior achievement scores are significantly
correlated with current achievement scores for all subtests
for both males and females, but a close examination of the
Pearson r's show that there are different trends for males
and females (see Tables 4.20 - 4.23). For example, the
correlation coefficient of concepts-6 with concepts-8 is
much greater for males than for females while in the areas
of problem-solving and computation, prior achievement is
more highly correlated with current achievement for females
than for males. For the relationship of prior achievement
with anxiety, the Pearson r is larger for males than females
in all subtest areas except compntation. In the concepts
subtest, the correlation coefficient for males is -0.591 but
for females it is only =-0.270. Again, in the similar
relationship of prior achievement with confidence, the
Pearson r is greater for males than females in all areas
except computation. Proficiency in computation correlates
more highly with confidence for females (r = 0.513) than for

males (r = 0.397).



/

PMA [TM6) = Prior Mathematics Achiavement (Total

"
\.

ANX = Mathematics Anxiety

Mathematics, Grade 6)

CONF = Confidence .in Mathematics

CMA (TMB) = ics Achi (Total

Mathematics Achievement, Grade 8)

Figure 4.9. Model #5: Total mathematics achievement model
for separate sex.



Figure 4.10.

PS = Problem-Solving

CM = Computation

Analogous models using concepts, problem-
solving, and computation respectively for
separate sex analysis.
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In examining the relationship between anxiety and
current mathematics achievement, it is observed that the
Pearson r is larger for males than for females in all areas
except problem-solving. In the area of concepts, anxiety
correlates much more highly in a negative direction with
current achievement for males (r = -0.639) than for females
(r = -0.497).

similarly, the relationship between confidence and
current achievement was examined. In this case it was found
that the Pearson r was larger for females than for males in
all areas except that of concepts. In concepts, confidence
correlates with achievement more highly for males (r =
0.622) than for females (r = 0.522), but in computation,
confidence correlates with achievement more highly for
females (r = 0.489) than for males (r = 0.344). The results
of the regression analyses for males and females separately
were sometimes different from the main analysis although in
many ways the same trends appeared. When using total
mathematics as the achievement variable in the model, there
does not appear to be much difference in the explanatory
power of the model for males versus females. However, when
the separate subtests are considered, it can be seen that
the model which uses concepts as the achievement variable is
much more powerful for males than for females. In contrast

to this, the models which use problem-solving and

ion as the of mathematics achievement in



the model along with anxiety and confidence are more
powerful for females than for males (See Table 4.24).

In all regression analyses except for that of one of
the analogous models where computation is the achievement
measure (See Figure 4.10), the only significant
relationships were between achicvement variables. One of
the reasons for this may have been that when the separate
analyses were done the sample size was reduced to half the
original size. The results of the separate sex analysis for
the subtest of computation show that for males, anxiety is
an even more powerful predictor of achievement in
computation than is prior achievement (See Table 4.25). In
this case, anxiety alone explains approximately 21% of the
variance in achievement as compared with approximately 7%
for prior achievement alone. For females, only prior
achievement in computation is significant, explaining
approximately 18% of the variance in current achievement in

computation.



Table 4.24

son of R~ in

103

Sex Analysis

Achievement Test R2 (males) r? (females)
Concepts 0.55463 0.34323
Problem-Solving 0.36734 0.48207
Computation 0.27837 0.37310
Total Mathematics 0.55874 0.56496
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CHAPTER 5

SUMMARY AND CONCLUSIONS

Summary

This chapter consists of four sections. First there is
a summary of the study, then conclusions, implications, and
finally, recommendations for further research.

This study proposed a model to explain mathematics
achievement in Grade 8 by using the variables sex,
mathematics anxiety, confidence in mathematics, and prior
mathematics achievement. It was found to be a powerful
model, explaining 56% of the vaviance in mathematics
achievement. Most of the explanatory power came from prior
achievement, but sex and anxiety also contributed
significantly to the variance observed. The effect of
confidence was found to be suppressed in the presence of
anxiety so that its influence was not detected over and
above the influence of anxiety.

The subtests of Concepts, Problem-Solving, and
Computation were also examined using analogous models.
Problem-Solving was found to be the only subtest in which
neither affective variables nor sex made a significant
contribution to the variance in achievement. In Concepts,
on the other hand, anxiety and confidence each contributed
significantly to the variance in current mathematics

achievement in that area. Analysis of the subtest of
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Computations revealed that sex contributed significantly to
the variance :n current achievement here.

Interactions and a polynomial term were examined
yielding no statistically significant results. The
polynomial term results showed that anxiety and achievement
were not non-linearly related. Interactions among variables
which were tested indicated that their influence was not
compounded by their interactions with one another. Path
analysis showed that the direct effect of sex on achievement
which favours females is offset by the indirect effects of
sex on achievement via anxiety and confidence, both of which
work in favour of the males. Higher levels of anxiety and
lower confidence on the part of females negatively influence
their mathematics performance., Path analysis also confirmed
that the effect of prior achievement i increased when
indirect paths via anxiety and confidence are considered.
That is, not only is prior achievement an important
predictor of achievement, but its effect in determining
anxiety and confidence further increases its prediction
power.

Separate sex analysis revealed generally that pricr
achievement correlated more highly with current achievement
for females than for males, but prior achievement correlated
more highly with anxiety and confidence for males. Anxiety
generally correlated more highly with current achievement

for males whereas confidence generally correlated more
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highly with current achievement for females. The area of
Computations seemed to be the female strong-point whereas
Concepts provided a more powerful achievement model for
males.

Multiple regression analyses for separate sex in the
different subtests revealed one major finding in that
anxiety is the most powertul predictor of achievement for

males in the area of Computation.

Conclusions

When observing the differences in means on CTBS 6 and
CTBS 8, as measured by percentile rank, it can be seen that
there is a considerable drop between the grades. It may be
worth noting that this finding is not unigue to this study.
In 1986, the Newfoundland and Labrador Department of
Education reported a drop of 34 in percentile rank between
Grade 6 and Grade 8 in the total mathematics score. The
differences in the mean scores in this study showed a drop
of 26 points. There seems then to be a real problem in
mathematics in the junior high grades if students are
scoring lower when compared to their Canadian counterparts
in Grade 8 than in Grade 6. Much effort is presently being
made to help improve this area of education.

Prior achievement in mathematics is generally the most

powerful predictor of current achievement in mathematics,



but the affective variables of anxiety and confidence as
well as the sex factor, are also very important
considerations. This study found that anxiety and
confidence were both significantly related to achievement in
mathematics. This fact is not only stati: mically
significant but also educationally significant in that
environmantal factors such as a teacher's attitude, may be
influential in increasing or decreasing anxiety on the part
of a student. Since anxiety was shown to negatively affect
achievement, it can be concluded tnat if the anxiety level
were reduced, there may well be some improvement in
achievement. Similarly, since confidence is shown to
positively influence achievement, helping students gain
confidence in mathematics is a worthy educational goai. It
is not sufficient to merely focus on the cognitive realm
when these other aspects of students' psychological make-up
also impact on their performance in mathematics.

Although sex di fferences do not explain much of the
variance in mathematics achievement in comparison to the
other variables in this study, it is important to note that
the effects of anxiety and confidence both work against the
females in their effects on achievement. This may indicate
that females should be treated differently in the classroom
so that, for example, females do not feel threatened when
answering a question. The area which shows the greatest

female superiority is in Computations. As the grades get
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higher however, this particular aspect of mathematics gets
increasingly less important, with Concepts and Problem-
Solving becoming the major focus. Therefore it would be
expected that any sex differences which favour females in
Grade 8 may be reversed later. Similarly, as society
becomes more and more technological, proficiency in
computation becomes less and less important. It is becoming
increasingiy necessary, then, to conientrate on helping each
student increase achievement in the other areas.

Prior achievement is more important in determining
anxiety and confidence levels than is sex. It should be
noted that females generally exhibit higher anxiety and
males generally exhibit higher confidence even when their
performance is the same. Low achievers would probably
experience high anxiety and low confidence, both of which
will negatively influence achievement for them. It is
imperative therefore that the chain reaction be broken at
some point. It would be desirahle for all students to
experience success rather than failure no matter how long it
may take them to accomplish a task.

Separate subtest analyses revealed that anxiety and
confidence were both significantly related to current
achievement in the subtest of Concepts. It appears that
when a student is confronting a new concept or introductory
material anxiety and confidence play an important role in

their grasping of that idea. Teachers should be aware that
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when explaining concepts, students need to be made to feel
comfortable, and must be encouraged to acquire a complete
understanding of that material before going on.

It should be noted however that any generalizations
from this study are valid only insofar as the population
studied is representative of Grade 8 students in

Newfoundland.

Implications

If prior achievement is such a powerful predictor of
current achievement in mathematics, then by all means
efforts must be made to keep the achievement levels in the
elementary school as high as possible. Since prior
achievement also influences anxiety #nd confidence, which in
turn influence achievement, teachers must ensure that those
students who may score poorly on achievement tests are
encouraged to continue to try and to not react negatively to
mathematics in general.

Since females tend to underestimate their abilities and
males to overestimate theirs, care must be taken to help
females in particular to be more confident in mathematics.
They need to be reassured of their abtilities by teachers and
others. Although males may be more confident with less
achievement, this confiderce does not adversely affect them.
High confidence correlates significantly with high

achievement in all cases studied here.
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Since anxiety negatively affects achievement and
confidence positively affects achievement, teachers must
concentrate on helping to decrease anxiety and to increase
student confidence. If students felt better about
mathematics, their achievement should improve.

Although there are no significant sex diiferences in
the raw correlations between sex and achievemert in this
study, the path analysis revealed that it was the variables
of anxiety and confidence which prevented the full impact of
sex on achievement in favour of females to be felt. This
means that females in particular need to be encouraged in
mathematics in the educational setting. If females could
have as low anxiety as males and as high confidence as
males, it would appear that they could make gains in
mathematics and possibly make their presence felt in
mathematically oriented professions presently dominated by
males.

Since anxiety and confidence affect the area of
concepts more than any other area, teachers should take
great care when introducing new material. Since this effect
may accumulate as the concepts continue to build on one
another in mathematics, it would be expected that the strong
relationship between such variables and mathematics

achievement may continue to adversely affect it.



Recommendations for Further Research

It is becoming increasingly important to investigate

the factors which influence mathematics achievement. If

mathematics performance is to improve and if more young

people are to be encouraged in this field, educators should

be made aware of the significant predictors of mathematics

achievement. Further research is needed to achieve

educational goals in the field of mathematics and to help

ensure success among students. Therefore the following

r

1.

ions are .

The sex of the teacher may also be an important
variable which could impact on anxiety and
confidence levels of males and females, so this
variable should be in another study.

The sample could be divide . into a low anxiety
group and a high anxiety group so that the impact
of anxiety would be more clearly seen in the
various subtests. In this case it would be
desirable to double the size of the present study.
This would ensure having sufficient numbers to
avoid sampling fluctuations; hence, spurious
results.

A longitudinal study involving the measuring of
mathematics anxiety in different grades along with

its effect on achievement would help clarify
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whether or not this is a problem which has a
cumulative effect.
A similar study could be conducted using other
areas of achievement to see if the anxiety factor
is unique to the field of mathematics.
This study could be replicated at a higher grade
level. Research tends to imply that at higher
grade levels males increasingly outperform females
in mathematics, so that a study conducted at the
senior high level would be in order.
Factors which could possibly influence anxiety
should be studied. Teacher behaviors in the

classroom may be one such factor.
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Corr

Appendix A

with Superi

and Parents

, Principals,



This is a sample letter to the superintendent of the
Board of Education with which the researcher was working.
In order to ensure anonymity, any references which would
identify the board or individual schools has been deleted.

30 Tobin Cres.
St. John's, NF
April 21, 1988

Superintendent Board of Education
Dear Sir:
Christian Greetings.

As you know I am in the process of completing the M.Ed.
program in Curriculum and Instruction (Mathematics
Education) at Memorial University of Newfoundland. I am
doing my thesis on "The Affective Variables of Anxiety and
Confidence in Mathematics and their Effects on Mathematics
Achijevement in Grade Eight". In this connection, I hope to
collect data from Grade Eight students in our board sometime
during the month of May. I will be conducting this research
personally and hope to be in your area before May 10.
Regarding this I would like to ask permission to borrow 35
CTBS booklets to be returned by the end of the month. Also
I would like to know if there is a Board Policy regarding
the use of CTBS 6 scores which are on the students'
permanent records. That is, do I need to get parents'
permission in advance?

Enclosed is a copy of the objectives of the research
and a list of questions I want to answer. If the study goes
well, there may indeed be some important implications for
our Mathematics teachers.

My plan is to use the following schools in the study.

Thank-you in advance for your help in this endeavor.

Sincerely,

Sharon Whitt



This is a sample of the first letter sent to the
principals. Again, in order to ensure anonymity, any
references to the specific board or schools has been
deleted.

30 Tobin Cres.
St. John's, NF
April 21, 1988

Principal
Dear Sir:
Christian Greetings.

As you may know I am in the process of completing the
M.Ed. program in Curriculum and Instruction (Mathematics
Education) at Memorial University of Newfoundland. I am
doing my thesis on "The Affective Variables of Anxiety and
Confidence in Mathematics and their Effects on Mathematics
Achievement in Grade Eight." In this connection, I hope
to collect data from Grade Eight students enrolled in
various schools across the province. I will be conducting
this research personally and hope to be in your area
before the end of May. Regarding this I would like to ask
permission to administer the Canadian Test of Basic
Skills, Mathematics section only, to the Grade Eight
students in your school as well as to administer a short
questionnaire designed to measure anxiety and confidence.
Also I would like to use each student's CTBS 6 Mathematics
score from the cumulative records if this is possible.

Enclosed is a copy of the objectives of the research
and a list of questions I want to answer. If the study
goes well, there may indeed be some important implications
for our Mathematics teachers.

It is hoped that the following schools can be used in
the study.

Thank-you in advance for your help and cooperation in
this endeavor.

Sincerely,

Sharon Whitt
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30 Tobin Cres.
st. John's, NF
April 25, 1988

Dear Parent,

I am a graduate student at Memorial University of
Newfoundland and I am presently conducting a study regarding
Mathematics Achievement in the Junior High School. During
the month of May, I hope to collect information from Grade
Eight students across the province in order to investigate
the relationship between students' feelings about
mathematics and their achievement in that subject.
Consequently, this letter is to ask permission for your
child to complete a questionnaire on mathematics anxiety and
confidente, as well as a mathematics achievement test.

Also, it will be necessary for me to compare these results
with his/her previous mathematics achievement on the
Canadian Test of Basic Skills as recorded on his/her
permanent school record.

This study is a private one conducted under the
supervision of the Education Department of Memorial
University and results will not in any way affect your
child's grades. Rather they will enable educators to become
more aware of the various factors which influence
mathematics achievement. Any information thus gathered will
certainly be kept confidential and no students or schools
will be identified in the final report.

Please return the following note to acknowledge your

co-operation in this research. Thank-you very much for your
help in this endeavor.

Sincerely,

Sharon Whitt

Parental Consent Form
I agree that my child may
participate in this mathematics study.
YES NO

PARENT'S SIGNATURE



This is a sample of the second letter sent to
principals. In order to ensure anonymity, any references
to the specific board of individual schools has been
deleted.

30 Tobin Cres.

st. John's, NF

April 29, 1988
Principal

Dear Sir:
Christian Greetings.

Thank-you very much for your positive response to the
research plans about which I wrote to you recently. The
Superi has also me in this endeavor.

1 he has that I obtain parental consent
for the students to partlclpate. In this connection,
please find enclosed 25 copies of a letter to the parents
of the Grade Eight students which need to be returned with
the signature of the parent or guardian. If you feel it
would be helpful, you could also attach a letter to them,
indicating the schocl's support and approval of the
project. In any case, it seems that this procedure must
be followed since my study requires student subjects.
When the work is completed,you will certainly receive a
copy of the findings of the study.

Secondly, it appears that there is also a problem
concerning student anonymity in this rcssarch since school
records must be used. To overcome this obstacle,it
appears that I need to solicit the help of one or two
teachers who would acquire the mathematics scores of CTBS
6 from the records and document them by student number
rather than name. The student would then use the same
identification number on the data that I will collesct
directly. I am hopeful that this can be worked out by
contact with the co-operating teachers.

Let me assure you that I do aot want to make extra
work for you or your staff, but it seems that there are
many precautions which must be taken when undertaking
research of this nature. I believe, however that it is
necessary that we study the influences which affect
mathematics achievement in the hope that we can improve
the teaching of mathematics for the benefit of our
students and of education in general. So again, [ want to
express my appreciation to you, your staff, and your
students for co-operating in this research.

Sincerely,

Sharon Whitt
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Mathematics Anxiety-Confidence Questionnaire

1. Student Identification Number
2. Name of School
3. Address of School (Town)
4. Your age
5. Sex: Male Female
6. What is the sex of your

Mal ale

math teacher this year ?

For each of the following statements,

choose only one of the

choices provided. Place a check mark (v/) beside your choice.

strongly

Agree
1

1. I get a sinking feeling D
when I think of trying
hard math problems.

2. I usually have been at E’
ease during math tests.

3. Mathematics usually makes |:|
me feel uncomfortable.

4. Mathematics usually makes D
me feel nervous.

5. My mind goes blank and I.
am unable to think clearIyD
when working mathematics.

6. I usually have been at D
ease in math classes.

7. I haven't usually worried
about being able to solve
math problems.

9. I can get good grades in

5|
8. I'm no good in math. a
mathematics. 0

Strongly

Agree Disagree Disagree
2 3 4

OooOoooo0o ooo g

O

O0O0oOooOo aooao

O

0O 0Oooaog ooaod



1o0.

12.

13.

14.

1s.

16.

17.

18.

19.
20.

Strongly

Agrea
1

I'm not the type to do
well in mathematics.

Generally, I have felt
secure about attempting
mathematics.

For some reason even
though I study, math
seems unusually hard for
ne .

I am sure I can learn
mathematics.

I am usually nervous
during math tests.

I feel very relaxed when
working mathematics.

I usually worry about
being able to solve
math problems.

I am the type to do well
in mathematics.

I feel insecure about
attempting matheratics.

I am good in math.

Mathematics is easy for
re.

ooo o oooo o o o

Agree
2

goo o oooobO o0 0o

Strongly

Disagres Disagree
3 4

oooo o o o

ooao a

Opooo o o o

ooo o



KEY:
Anxiety Construct
Item

1

> o» » » ¥ » » o> »
@

Confidence Construct
Item

0o 0 0 0 0 o0 o0 00
@

Questionnaire
Iten

1

L O A T
S

#14
#15

#16

Questionnaire
Iten

# 8
#9
#10
#11
#12
#13
#17
#18
#19
#20

]
»

N T O N )

SA

S R N N - T

Score
A D
3 2
2 3
3 2
3 2
3 2
2 3
2 3
3 2
2 3
3 2
Score
A D
2 3
3 2
2 3
3 2
2 3
3 2
3 2
2 3
3 2
32
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23 PERSONAL [INFORMATION 8

SCHooL

Test M-1: Mathematics Concepts [

o [0 o COOC] « 000 w20 wECE w GO
o GO » 000 o OO0 w GO0 w 0200 o G0
o QD00 » [0 e 0 o OO0 w00 @ O
o [000 o 0200 » OO wORBE w00 w00
o G200 9 G0 wo (g w O we g
o (200 9 Q000 o GO0 o GO0 w 0200
o (2000 o [0 e [IE00 w0 (00 a8 (200
o OO0 95 [0 0 00w [0 s A0

# Test M-2: !ggh!!l:]gs Problems i
st (D00 9 OO0 o O00N o000 sCC0 o G060
575!64 OO «[CE00 « G006
(00N » 0000 s OO0 @000 » OO
“[DDM 0000 OO0 »CO0 s G000
OO0 o OO0 -« 0000 0000 » G000
% (200 o 4 « 00 #0009 « 000

BN __Test M-3: Nath ics Computations i
n [0 » OO0 » OO0« 0000 e 000 un
n OO0 » (00 o G000 s 0000 w0 w (60
7 C00 » [0 o G000 s D00 w0200 w CEE
n[IOE #[0E s OO0 oM ez w i
[0 «[OD0M « 000 « OO0 w0260 w D6
s[O00M #0000 » OO0 s [ODCO w0200
16 C00 o OO0« OO w OR0E o 03T
n OO s OGO @ OO0 o G0 o 0000




Appendix D

Instructions for Test.ing



These instructions were read to the participating
students. For the administration of the CTBS tests, the

instructions found in the CTBS (Teacher's Guide) were

followed.
Collecting Data Instructions to Students
Test #1 -- Anxiety-Confidence Questionnaire

Instructions to be read to students:

This is a very important questionnaire, and will
take only about 15 minutes to complete. This study is
examining how you and other students feel about
mathematics and whether these feelings might affect your
mathematics achievement. The purpose is to add to present
knowledge about factors which influence student learning.
This way hopefully teachers will be able to improve
mathematics education. I want to encourage you to express
your true feelings, and thank-you in advance for your

participation.

I will give you an examp.e now.

Being regarded as smart in SA A D sD

mathematics would be a great



thing.

Now we will complete the questionnaire. I will read
out each statement once, then the choices, and finally

repeat the statement before going to the next item.

(All the items on the questionnaire will now be read

orally as the students make their choices.)
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