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ABSTRACT

The present study investigates the mathematics anxiety experienced by a

convenience sample of 189 students from Brandon University. The dimensionality of

both mathematics anxiety and attitudes toward, mathematics is assessed for females and

males. A number of intervening variables in the gender-mathematics anxiety relationship

are tested in terms of their relationship to, and the explanation which they offer for, the

mathematics anxiety experienced by females and males. The study shows that, for the

sampled students, gender disparities in favor of males are operating with respect to

mathematics anxiety. However, gender differences in levels of mathematics anxiety are

relatively small. A number of variables intervening in the gender-mathematics anxiety

relationship are shown to be more importantly related to experiences of mathematics

anxiety for females than males. Moreover, gender perse is shown to offer very little

explanation for the occrrrence of mathematics anxiety. The results indicate that females

and males are divergent in both experiences of, and explanations for, mathematics

anxiety. Females' experiences of mathematics anxiety are shown to primarily involve

anxiety over evaluation, particularly with respect to the anticipation and writing of

mathematics tests. Low enjoyment of mathematics demonstrates the greatest explanation

for the occurrence of this anxiety for females. On the other hand, the mathematics

anxiety experienced by males principally concerns anxiety over taking courses in

mathematics or the anticipation of being in a mathematics course. Two variables

involving value of mathematics account for this anxiety experienced by males. The

meaning of the results are discussed and synthesized in the context of socialization theory

and a model is presented to illustrate the processes leading to differential experiences of

mathematics anxiety for the genders.
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CHAPTER I

INTRODUCTION

For the past two decades, sociologists, mathematics education researchers, as well

as educational, clinical and counseling psychologists have paid increasing attention to

gender differences in mathematics achievement. One of the major factors which has been

offered to explain gender differences in mathematics achievement involves what has been

termed mathematics anxiety. Mathematics anxiety encompasses feelings of tension and

anxiety suffered over exposure to mathematics in both ordinary life and academic

situations (Richardson and Suinn, 1972). A number of studies conducted in the past

(Brush 1978;Betz 1978; Dew, Galassi and Galassi 1983; Llabre and Suarez 1985; Eccles

and Jacobs 1986; Wigfield and Meece 1988; Hembree 1990; Tocci and Engelhard 1991)

have shown that females may be more prone to experience mathematics anxiety than

males. When differences are found, it is typically females who are experiencing this

anxiety at higher levels. As a function of this propensity, females more than males, may

be suffering the consequences of mathematics anxiety.

Mathematics anxiety may have both educational and career consequences.

Students who experience mathematics anxiety may avoid participation in mathematics

related courses. Richardson and Suinn (1972:551) state that mathematics anxiety "...may

prevent a student from passing fundamental mathematics courses or prevent his pursuing

advanced courses in mathematics or the sciences" (sic). Mathematics is an important

subject in the sciences and is necessary for many careers which require mathematical

training. If females do suffer higher levels of mathematics anxiety than males, it is

possible that it is females who are being most limited in their encounters with

mathematics at the college level. Thus, it may be females who, as a result of mathematics



anxiety, are most likely to be limited in terms of the academic choices which they make

and, ultimately, by way of those academic choices, the career options that are open to

them (Tobias 1976; Betz 1978; Hart Reyes 1984; Singer and Stake 1986; Wigfield and

Meece 1988; Fennema 1990a; Flessati and Jamieson 1991; Lefevre etal. 1992). As it

stands at present, true justice does not exist in mathematics for females and males and the

only way that such justice can be achieved is to attain equity in mathematics (Fennema,

1990a). However, to attain equity in mathematics requires a full understanding of what it

is that makes females and males different when it comes to mathematics. Much has yet

to be learned before we can achieve a complete comprehension of gender differences in

mathematics. This is particularly true in the area of mathematics anxiety and its

relationship to the differential experiences of females and males.

PURPOSES AND SCOPE OF THE STUDY

The purposes of the present study are the following:

. To review mathematics anxiety research and establish its importance as an area of
research in the present.

. To arrive at an understanding of the meaning of both mathematics anxiety and
attitudes toward mathematics for female and male university students as defined bv
the particular data set used in the study.

. To investigate the nature of the relationships between variables associated with the
mathematics anxiety experienced by female and male university students.

The thesis is organized in three major sections. The first portion of the thesis

(Chapters II to IV) reviews literature concerning gender differences in mathematics

achievement and mathematics anxiety. As well, conceptual notions of mathematics

anxiety and various investigations which attempt to empirically assess the meaning of

mathematics anxiety are reviewed. The second major section of the thesis (Chapters V

and VI) details the methodology and results of the various analyses. The final portion of



the thesis (Chapters VII and VIII) summarizes and discusses the findings of the study as

well as outlines the imnlications of the results.

SIGNIFICANCE OF THE STUDY

Studies conducted in the past have not investigated male-female differences in

mathematics anxiety with sufficient rigor. Though gender is a variable which is often

included in studies of mathematics anxiety, simply assessing the extent of the difference

is often as far as the analysis goes. The main contribution which this thesis makes to the

literature is in bringing a new level of analysis to gender issues in mathematics anxiety.

Previously conducted studies have not: isolated the intervening process; assessed, with

the use of multiple regression and correlation analysis, the effects of these variables on

females and males; nor have they evaluated the dimensionality of mathematics anxiety

for females and males separately as two groups. Given the emphasis that has been placed

on gender differences in mathematics anxiety, it is surprising that such analyses have yet

to be conducted. For, it is believed that such analyses with respect to mathematics

anxiety are essential to arrive at a more complete understanding of the contribution of

mathematics anxiety to creating a disequilibrium in mathematics for females and males.

Moreover, by acquiring a greater understanding of the intervening process leading to

gender differences in mathematics anxiety and by comprehending the meaning of

mathematics anxiety for females and males, it may be possible to help those who are

interested in treating individuals afflicted by mathematics anxiety as well as those who

are interested in preventing future occurrences of mathematics anxiety. Other

sociologists, mathematics education researchers and psychologists, all of whom have

been concerned with gender differences in mathematics, may be able to use the results of

the present study to help them alleviate these gender specific inequities. That is,

information from the thesis may supplement their theories or provide them with specific

information that will help them in their efforts to diminish the negative consequences that



result from gender differences in mathematics. Moreover, the majority of research

conceming mathematics anxiety has been conducted in the United States. It seems that

no such study has been conducted in Manitoba and few seem to have been conducted in

Canada. It is important to expand and replicate research conducted on mathematics

anxiety to see if the findings of previous studies are also true of Canada, thus allowing for

cross-cultural comparisons.

It is the intention of the current investigation to contribute to a more thorough

exploration and understanding of the meaning of mathematics anxiety for female and

male university students. Overall, the analyses in the present study will allow for a more

precise comparison and understanding of gender differences in university student

experiences of mathematics arxiety than has previously been offered. A more complete

understanding of the gender-mathematics anxiety relationship will, in turn, help pave the

road to true equity and justice both in education and society.



CHAPTER II

TI{EORETICAT EXPLANATIONS FOR
GENDER-BASED INEQUITTES rN MATI{EMATICS

The present chapter is partitioned into three sections. Though the study will not

investigate mathematics achievement, the first section of this chapter deals with research

on the relationship between gender and mathematics achievement. Such a discussion is

essential because research into mathematics achievement presages mathematics anxiety

research. The subsequent section ofthe chapter discusses research conducted on gender

and mathematics arxiety. The final section synthesizes the key theoretical arguments that

undergird various explanatory models of gender differences in mathematics.

GENDER AND MATHEMATICS ACHIEVEMENT

Differential achievement in mathematics between females and males is not a new

issue. For some time now, investigators have sought to discover the origins of what is

often assumed to be the superior mathematical ability of males. As early as 1968,

Glennon and Callahan reported a consistent difference in mathematics achievement

favoring males. In the years to follow, several researchers assessed gender differences in

mathematics achievement. Throughout their efforts, these investigators have focused on

a number of different types of arguments. The variety of explanations which have been

offered to account for gender differences in mathematics achievement can be grouped

under the general categories of expectancy effects, classroom-based factors and

attitudinal/affective variables.

Investigations into the biological bases of gender differences in mathematics

achievement (Benbow and Stanley 1980; Ethington and Wolfle 1984; Tartre 1990) have



typically focused on male-female variations in mathematics achievement while

controlling for mathematics background. More pointed research has looked to gender

differences in spatial visualization as one source of the disparity in the mathematical

performance levels of females and males. However, it is beyond the scope of the present

study to engage in a review of investigations into biological differences between the

genders. Rather, the accounts for gender differentiated mathematics perfonnance

discussed in the present study all point to socialization.

It is important to add that the following section on explanations for gender

differences in mathematics achievement is not intended to be an exhaustive review of the

achievement literature. Rather, it is the intention of the present section to provide avery

brief review of the major themes which appear to have been utilized for the explanation

of gender differences in mathematics achievement. This will be done to isolate the

theoretically meaningful associations between variables which have been identif,red by

achievement researchers. In so doing, we will better understand the context of

mathematics anxiety research and how mathematics anxiety is related to mathematics

achievement.

Expectancy Effeca

Researchers studying socialization processes emphasize that behavior is learned.

Mura (T987) looked at undergraduate students in terms of gender differences in their

expectations of success in mathematics. Although this is but one explanation of the

process, Mura found that females were more likely than males to underestimate their final

grade in a mathematics course. In terms of future expectations of success, males were

found to be more conf,rdent than females in their ability to obtain a Ph.D. and, irrespective

of confidence level, fewer females than males intended to engage in doctoral studies.

Mura concludes by noting that social factors such as differential child-rearing



responsibilities, rather than self-confidence, should be looked at as the source of the

gender differences in intention to pursue doctoral studies.

Eccles, Jacobs and Harold (1990) conducted research in which they focused on

parents' "gender-differentiated expectations" as a potential explanation for gender

differences in educational training programs, including mathematics. Using data from

other studies as well as their own findings, Eccles et al. found that parents' stereotypic

beliefs about gender and mathematics have an impact on their perceptions of how

proficient their children are in mathematics, regardless of true differences in the children's

abilities. Parents' perceptions of their children's proficiency in mathematics are

transmitted, through socialization, to their children which, in turn, become the children's

beliefs about their proficiency in mathematics.

Research offering socialization as an explanation for gender differences in

mathematics achievement has focused on the argument that it is female's and male's

expectations for themselves, as well as their parents' expectations for them, which leads

to their differential achievement in mathematics. This is important to research on

mathematics anxiety because these expectations of low performance may also generate a

mathematics anxiety reaction when encountering mathematics. As will be discussed

later, this anxious reaction to mathematics may play a large role in lowering levels of

mathematics achievement.

Classroom-Based Factors

Attempts to explain the differential achievement of females and males in

mathematics using classroom-based factors can be seen as extensions of expectancy

effect explanations. In this case, it is the beliefs of teachers and their differential

treatment of students which cause expectancy differences and resultant inequalities in

mathematics achievement.
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Becker (1981) investigated the treatment of males and females in high school

mathematics classes. Using both quantitative and qualitative methodology, Becker found

that females and males arc treated differently by teachers. The results of the study led

Becker to choose the self-fulfilling prophecy hypothesis to explain the differential

achievement of females and males in mathematics. According to Becker, the differential

performance of females and males in high school mathematics classes can largely be

accounted for by teacher expectations.

Peterson and Fennema (1985) conducted a study concerning gender differences in

mathematics learning. According to these researchers, in order to understand differential

mathematical achievement of females and males, activities within mathematics classes

must be investigated. Indeed, Peterson and Fennema conclude that competitive

mathematics activities, cooperative mathematics activities, off-task behavior and social

activities in classrooms may differentially affect the mathematics learning of boys and

girls.

Schatz-Koehler (1990) reviewed research concerning teacher interactions with

students. A number of studies are cited by Schatz-Koehler which show that males are

treated differently than females in classrooms. However, Schatz-Koehler notes such

differential treatment studies merely assume that these differences in treatment are linked

to higher mathematics achievement of males.

Leder (1990) investigated classrooms in Australia to see if the differences found

in American classrooms are also present in Australia. Based on the findings, Leder

(1990b:166) concludes that in Australia, there is a "greater and more constructive

involvement between mathematics teachers and their male students." According to

Leder's research, gender differences in teacher/student interactions are a cross-cultural

phenomenon.

Fennema (1990b) investigated the hypothesis that teachers' beliefs are significant

factors in the development of gender differences in mathematics. Focusing on a variety



of teacher beliefs, Fennema found teachers to have negative beliefs of females and the

learning of mathematics.

Similar to the effects of parental expectations, then, teacher expectations may also

lead females and males to develop expectations for themselves regarding their ability in

mathematics. These expectations of students, in turn, may lead to differential experiences

of anxiety over mathematics.

Attitudinal/Affective Va riables

A number of studies have investigated affective variables in relation to

mathematics achievement. Research of this kind tends to center on one's internal feelings

and beliefs about mathematics. Fennema and Sherman (1978) studied the effect of

affective variables on mathematics lea¡ning between females and males in middle school

and high school. Fennema and Sherman found males to be more confident in their ability

to learn mathematics. As well, males stereotyped mathematics as being a male domain.

Furthermore, attitudinal influences which have a hampering effect on females were found

to increase in high school. Fennema and Sherman point out that females in high school

perceived mathematics as being less useful to them as compared to their male

counterparts. Moteover, teachers and parents are perceived by these females in high

school as having less favorable attitudes toward female participation in mathematics as

compared to males. However, Fennema and Sherman (1978:201) conclude that, "when

relevant factors are controlled, sex-related differences in favor of males do not appear

often, and when they do they are not large."

Ethington (1992) conducted a study to test the validity of the Eccles

psychological model of mathematics achievement. Using path analysis, Ethington found

mixed support for Eccles' model. According to Ethington's results, the effects on

mathematics achievement for various variables in the model differ for females and males.

Overall, Ethington found more variables to be signif,rcantly related to mathematics



achievement for females compared to males. Significant variables leading to

mathematics achievement for males were prior achievement and task value. On the other

hand, Ethington found the mathematics achievement of females to be determined by prior

achievement, perception of diffrculty, stereotyping mathematics as a male domain and

family help. Ethington's research suggests that the process of mathematics achievement

is more complex for females than it is for males.

Meyer and Schatz-Koehler (1990) reviewed studies in an effort to isolate

psychological variables which are associated with mathematics achievement. Although

several variables were identified, only those which were found to be important

determinants of mathematics achievement will be discussed here. Confidence has been

shown to be a more important determinant of mathematics achievement for females than

for males. Females consistently report less confidence in their ability to leam

mathematics than males. Usefulness has been shown to be an important variable in that

males who achieve at higher levels in mathematics have a greater perception of its

usefulness than females. Finally, differences between females and males in terms of

attributional style have been identified as important determinants of mathematics

achievement. Results of studies concerning attributional style have shown that males

tend to attribute their success to ability and their failure to lack of effort whereas females

tend to attribute their success to effort and their failure to lack of ability.

Fennema and Peterson (1985) developed a theoretical model to aid in the

understanding of the development of affective variables and how they influence

mathematics learning. The model synthesizes findings from various studies of

mathematics achievement. This research provides a blending of the various approaches

to gender differences in mathematics achievement which have been discussed above. The

model created by Fennema and Peterson can be described as an eclectic explanation for

the gender differences in mathematics achievement.
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Noting that males have consistently been identified as superior to females in areas

involving teachers, affective variables and problem-solving, Fennema and Peterson

present their model of Autonomous Learning Behavior (ALB) as a possible explanation

of such gender differences (Fennema, 1989). According to the ALB model, a variety of

factors affect one's perfoûnance on high level cognitive tasks. To perform well on such

tasks, individuals must engage in autonomous learning behaviors to develop autonomy in

their thinking (a requisite for good performance on high level cognitive skills). Such

ALB's encompass, "thinking independently about problem solving, choosing to do it,

persisting at it, and achieving success in it." (1989:212) In turn, one's participation in

ALB's is influenced by both one's intemal belief system as well as extemal and societal

factors. Internal belief systems (selÊconfidence in doing mathematics; perceived

usefulness of mathematics; causal attributional patterns) will influence participation in

ALB's. External and societal factors, both alone and in conjunction with the internal

belief system, fuither affect participation in ALB's. Fennema and Peterson specifically

point to the effects of teachers' treatment of students as having an impact on the internal

belief system and participation in ALB's. In terms of gender differences in the learning of

mathematics this model posits that, due to the variety of factors within the model, females

participate in fewer autonomous learning behaviors than males. Through the construction

of the ALB model, Fennema and Peterson made an attempt to provide researchers with a

guide to better understanding the relationship between affect and gender differences in

mathematics. The ALB model consists of one of the major attempts to synthesize various

social variables leading to gender differences in mathematics achievement. The

importance of this model, and of the entire discussion concerning variables associated

with mathematics achievement, is that it provides a framework within which the

mathematics anxiety variable can be situated.
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GENDER AND MATHEMATICS ANXIETY

Starting in the late 1970's, tesearchers began to more intensively investigate

gender differences in mathematics. Rather than looking simply at ability as the source of

female underachievement in mathematics, some researchers began to focus on another

variable, mathematics anxiety, as one source of the inequality between females' and

males'mathematics achievement. As Hart Reyes (1984) has noted, mathematics anxiety

and achievement have been consistently found to be negatively related such that high

achievement is related to low anxiety.

In studies focusing on mathematics achievement, where mathematics anxiety is

included, it has been placed as an intervening variable between gender and mathematics

achievement. As a function of its inclusion in gender-mathematics achievement models,

differences between females and males are often understood to be present in terms of

mathematics anxiety. Indeed, Eccles and Jacobs (1986:370) state that, "sex differences in

mathematical achievement and attitudes are largely due to sex differences in math

anxiety." From the research conducted on gender and mathematics achievement, a

number of investigations concerning mathematics anxiety and its relationship to gender

have emerged. As a result, many of the variables that have been used in the study of

mathematics achievement, such as attitudinal and learning related variables, are also used

to examine mathematics anxiety. The following paragraphs provide a review of this

literature conceming gender and mathematics anxiety.

Richardson and Suinn (1972) looked at gender differences in levels of

mathematics anxiety based on a sample of 397 university students. Though eighty

percent of the sample were females, their analysis showed no significant gender

differences in mean scores on the Mathematics Anxiety Rating Scale or MARS.

Ohlson and Mein (1977) compared females and males in terms of mathematics

anxiety. Their study included an investigation of gender in order to observe its influence

on anxiety for mathematics and nonmathematics majors. Ohlson and Mein found that,
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irrespective of major, females and males are equal in the amount of anxiety which they

experience.

Brush (1978) set out to test the validity of the Mathematics Anxiety Rating Scale

(MARS). Brush hypothesized that females will appear more mathematically anxious

than males as measured by the MARS. Using two samples for the study, Brush found

that in the first sample females were much more mathematics anxious than males.

However, upon replication with a second sample, no significant sex differences were

found to be present. Brush points to differences in mathematics background between the

samples to explain these findings. That is, females and males in the second sample had

equal mathematics backgrounds (refer to Chapter IV under'Mathematics Background').

Another study which investigated gender differences in mathematics leaming was

conducted by Betz (1978). Among the goals of the study, Betz isolated differences

between females and males in terms of their mathematics anxious experiences. Using

college students from Ohio State University, Betz selected a sample consisting of three

subgroups. The first contained students who were enrolled in the most basic mathematics

course at the university. Students from a more advanced mathematics course made-up

the second subgroup and the third consisted of introductory psychology students. Betz

found that for the basic mathematics and introductory psychology groups, females rank

higher than males in their experiences of mathematics anxiety. However, Betz did find

that, in the group comprised of students from a more advanced mathematics course,

females and males did not significantly differ in their experiences of mathematics

anxiety. In fact, though not a statistically significant difference, females in this group

experienced a lower average amount of mathematics arxiety than the males. This is

indicative of the socialization explanation for gender differences in mathematics anxiety.

Betz's study has shown that, controlling for factors such as mathematics background,

significant differences between females and males may not exist. It is even possible that

males can experience higher levels of mathematics anxiety than females. Overall,
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though, Betz concluded that mathematics arxiety is more likely to occur among females

than among males.

Using 1,106 freshmen students at the University of Rochester, Resnick, Viehe and

Segal (1982) investigated a number of different aspects of mathematics anxiety. Resnick

et al. looked at the prevalence and intensity of mathematics anxiety as well as the

relationships among mathematics anxiety, sex and achievement in mathematics. Using

the MARS to measure mathematics anxiety, along with other instruments, these

researchers found very little mathematics anxiety to be present within their sample.

Indeed, these researchers report that, "few students have more than a little math anxiety."

Q982:al Further, within both the entire sample and each individual course level there

were no significant sex differences as measured by the MARS. Resnick et al., while

noting that this lack of differentiation could be due to the considerable amount of high

school mathematics background of the freshmen females, point to the fact that even in the

course levels with students who have significantly less mathematics background there

were still no sex differences present.

Dew et al. (1983), among other things, compared females and males with respect

to levels of mathematics anxiety. Using 769 undergraduates, Dew et al. found females to

display more mathematics anxiety than males. Dew et al. (1983:445) conclude that

"gender differences in mathematics anxiety may exist, but they are probably much

smaller than has been suggested previously".

Llabre and Suarez (1985) studied mathematics anxiety among 184 students

enrolled in Introductory Algebra at a private university. These researchers used students

from this mathematics course because it was designed for students not pursuing a major

in mathematics and who have had not more than two years of high school mathematics.

Llabre and Suarez found that females reported experiencing significantly higher levels of

mathematics anxiety than males. Llabre and Suarez (1985:236) state "...sex differences in

math anxiety level cannot be completely explained on the basis of differential course-
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taking, since the men in our sample reported having taken approximately the same

number of math courses in high school as did the women." Thus, based on this study,

there is more than just differential mathematics background operating in the production of

gender differences in mathematics anxiety.

Eccles and Jacobs (1986) investigated gender differences in mathematics attitudes

and performance. Using a path analysis, the researchers found gender differences in

mathematics anxiety to be a very important determinant of gender differences in

mathematics attitudes and achievement. Eccles and Jacobs analysis of their sample of

250 average and above-average students in the seventh, eighth and ninth grades, showed

that females experience higher levels of mathematics anxiety than males. This study also

found mathematics grades and enrollment in mathematics courses to be more related to

mathematics anxiety than to one's mathematics aptitude/achievement score. Furthermore,

social factors, especially mothers' beliefs concerning the difficulty of mathematics for

their children, were found to have a strong and direct impact on mathematics anxiety.

These findings led Eccles and Jacobs (1986:376) to conclude that, "...social factors are a

major cause of sex differences in both mathematics performance and attitudes toward

math in the population at large."

Singer and Stake (1986) analyzed, among other things, gender differences in

mathematics anxiety in 116 undergraduates. These researchers found that females and

males do not significantly differ in levels of mathematics anxiety. However, they did

find that, due to scholastic ability and mathematics background, females tended to avoid

career goals involving mathematics.

Cemen (1987) has conducted an investigation into the nature of mathematics

anxiety. Cemen used qualitative research methods to develop a model of mathematics

anxiety reaction. Of the variables included in the model, those that deal with gender are

mqthematics as a male domain and sex role. In terms of mathematics as a male domain,

Cemen (1987:7 -8) found that females are exposed to the attitude that they do not need to
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learn mathematical skills because they "have got a man". Males are exposed to the

attitude that they must learn mathematical skills because they are male. Cemen adds that

this stereotyping of mathematics as a male domain affects experiences of anxiety

differently for females and males because of their differential sex roles. On the one hand,

females who are not encouraged to leam mathematics experience anxiety over

mathematics. On the other hand, males experience anxiety over mathematics because of

the pressure placed upon them to leam it by virtue of being male. Furthermore, it is

interesting to note that Cemen's model, which is derived from a qualitative approach to

mathematics anxiety, includes several variables which have been identified by

quantitative studies. Cemen's study shows, then, that mathematics anxiety can be

identified using both qualitative as well as quantitative procedures.

Cooper and Robinson (1987) investigated gender differences in mathematics

ability, anxiety and performance. These researchers found that females and males do not

significantly differ with respect to mathematics ability, anxiety or performance.

However, it must be noted that these findings could be due to the nature of the sample

used by Cooper and Robinson. The sample used consisted of 298 male and 83 female

engineering and technical undergraduates. Both females and males in this sample

probably possessed extensive mathematics backgrounds. Thus, by virtue of being

engineering and technical undergraduates, it is not surprising that the sampled females

and males were equal in their ability, anxiety and performance.

Hunsley and Flessati (1988) investigated the sex-role socializotion hypothesis vs.

the math experiences hypothesis for gender differences in mathematics anxiety. The sex-

role socÌalization hypothesis states that females experience more mathematics anxiety

than males because they have less extensive experience with mathematics and more

negative opinions of mathematics. On the other hand, the math experiences hypothesis

posits that, indiscriminate of gender, mathematics anxiety is related to poor preparation.

Looking at l7I university students, Hunsley and Flessati found support for the math
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experÌences hypothesls. Moreover, the few differences found between females and males

favored females.

Wigfield and Meece (1988) assessed mathematics anxiety in 564 sixth through

twelfth grade students. Wigfield and Meece found that, while both females and males

answered the items representing mathematics anxiety in similar ways and were equally

concerned about succeeding in mathematics, females report experiencing significantly

more mathematics anxiety than males. These differences were stronger for females at all

grade levels and were statistically significant at four of seven grade levels. Wigfield and

Meece (1988:215) note that "...girls' stronger negative affective reactions to math might

mean that as math courses get harder, they will be more likely to stop taking math when

they have that option."

Hyde, Shibley, Fennema, Ryan, Frost and Hopp (1990) conducted a meta-analysis

of studies concerning gender differences in mathematics affect and mathematics attitudes.

These researchers report few large gender differences. With respect to mathematics

anxiety, Hyde et al. found only a small gender difference. Hyde et al. (1990:311)

conclude that "Math anxiety may be important, and we should consider it as we try to

improve mathematics leaming for all students, but there is little evidence in this meta-

analysis that there are important overall gender differences in math anxiety." The largest

gender difference isolated by these investigators was that males, more than females,

stereotype mathematics as a male domain. Hyde et al. express concern over this finding.

They caution that male peers may subtly make females who achieve in mathematics feel

less feminine, thus placing pressure on females to not achieve in mathematics. Hyde et

al. also caution that, as a result of males stereotyping mathematics as a male domain,

male teachers may discourage girls from taking courses in mathematics and male

employers or job interviewers may discourage females from applying for occupations

related to mathematics.
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Hembree (1990) created a paper in which the results of several studies on

mathematics anxiety are integrated using the technique of meta-analysis. The purpose of

Hembree's study was to diminish or eliminate theoretical issues concerning mathematics

anxiety. Among these issues, Hembree investigated the extent to which behaviors related

to mathematics anxiety occur in females and males. According to Hembree's analysis of

existing research, both pre-college and college females report experiencing higher levels

of mathematics anxiety than do males. Furthermore, Hembree reports this gender

difference to be most prominent at the college level. Interestingly, although females

consistently experienced more mathematics anxiety than males, the anxiety experienced

by high school males seemed to have more of a negative effect in terms of mathematics

performance and avoidance of mathematics than it did on high school females. As

potential explanations for such findings, Hembree notes that females may be more open

in their admission of anxiety or may simply be more adept at dealing with anxiety.

Flessati and Jamieson (1991) studied mathematics anxiety on a sample of 150

undergraduate students. These researchers found that students scoring high in

mathematics anxiety had more negative mathematics experiences, indiscriminate of

gender. Flessati and Jamieson point out that females are more self-critical than males in

terms of both the mathematics anxiety they experience and in terms of their performance

in mathematics. That is, females see the repercussions of showing anxiety as being more

serious than do males. As well, females see themselves as having less mathematics

ability than is actually the case. According to Flessati and Jamieson, this leads females to

avoid participation in mathematics.

Tocci and Engelhard (1991) conducted a study in which they analyzed samples of

3,846 adolescents from the United States and 3,528 adolescents from Thailand to see the

relationships of attitudes toward mathematics with mathematics achievement, parental

support and gender. These authors consider mathematics anxiety to fall under attitudes

toward mathematics. Tocci and Engelhard found significant gender differences in
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anxiety experienced over mathematics favoring males. Even after controlling for

achievement and parental support, this gender difference remained significant. However,

the largest gender difference regarded the stereotyping of mathematics as a male domain

such that males, more than females, viewed mathematics as being appropriate for males

but not for females.

Lefevre, Kulak and Heymans (1992) investigated gender differences on a number

of attitudinal, affective and performance variables related to mathematics. These

researchers found no gender differences on any of their measures, including mathematics

anxiety. Lefevre et al. note that their findings are either due to having a sample that was

more select than studies finding gender differences, or gender differences related to

mathematics are beginning to decrease. However, Lefevre et al. also found that,

eventhough no gender differences were present on variables related to mathematics, there

was a strong gender difference in choice of major. Females avoided majors involving

mathematics despite the fact that they possessed equal arithmetic skills and equal

experience in high school mathematics as males. Lefevre et al. point to variables not

included in their study such as parental and teacher attitudes and stereotyping

mathematics as a male domain as possible explanations for females' avoidance of majors

involving mathematics.

Literature concerning the relationship between gender and mathematics anxiety

provides varying findings. Clearly, some of the research on the gender-mathematics

anxiety relationship shows significant differences in the direction of females experiencing

higher levels of mathematics anxiety than males. It is also apparent from these studies,

that several of the investigators who found gender differences attempted to explain their

findings as being spurious. That is, they have looked to variables that may be intervening

in the gender-mathematics anxiety relationship subsequently causing gender differences

to occur. These variables include mathematics background, the faculty in which one is

registered and attitudes toward mathematics. Clearly, these are meaningful results. In
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general, the literature on mathematics anxiety indicates that variables extemal to gender

may be primarily responsible for reported gender differences in mathematics anxiety. As

well, the variables with which mathematics anxiety operates are similar to those included

in models of mathematics achievement. Given the importance of mathematics arxiety in

determining mathematics achievement, previous literature would indicate that the study

of variables producing gender differences in mathematics anxiety is an important area of

investigation. To reduce inequity in mathematics requires the diminution of differential

achievement, and the literature indicates that dealing with the problem of mathematics

anxiety may play an important role in accomplishing these tasks.

SYNTHESIS OF LITERATURE REVIEW

Based on literature from previously conducted studies, it appears as though a

number of variables may be operating in the production of gender-based inequities with

respect to both mathematics anxiety and achievement. Figure 1 is a pictorial

representation of key explanatory variables identified by mathematics achievement and

mathematics anxiety research.

The literature indicates that teachers and parents are primarily responsible for the

differential socialization that contributes to gender-based inequities in mathematics.

There is little doubt that both teachers and parents have tremendous influence on the

behavior of children. As the previous literature would suggest, some pa.rents and

teachers, though perhaps to a lesser extent than in the past, may still be socializing their

children in such a way that those children differ in mathematics by gender. So, parents

and teachers may possess gender stereotypical beliefs about mathematics. These beliefs

translate into gender differentiated expectations such that parents and teachers expect
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Figure L. Synthesized Model of Variables Leading to Gender Dffirentiated Levels of
Mathematics Achievement and Mathematics Anxietv.
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males to perform better in mathematics. Because of these different beliefs and

expectations, parents and teachers inadvertently treat females and males differently. For

instance, parents may encouage males and discourage females from participation in

mathematics. Teachers may pay more attention and offer more praise to males in the

classroom. Such differences in treatment may lead females and males to possess

differing feelings about mathematics. That is, being differentially socialized, in turn,

leads to differences for females and males in the affective domain.

Some females and males, because of gender stereotypical socialization with

respect to mathematics, may view mathematics as a male domain. That is, mathematics,

"naturally", is the domain of males. Some studies find that the variable of mathematics as

a male domain is more important for females (Ethington 1992; Lefevre et al. 1992), while

other studies find that males view mathematics as a male domain more than females

(Fennema and Sherman 1978; Hyde et al. 1990; Tocci and Engelhard 1991). Specifically

with respect to mathematics anxiety, Cemen (1987) notes that viewing mathematics as a

male domain is convoluted by gender stereotypical sex roles for both females and males.

Due to the fact that some females are not encouraged to leam mathematics, they

experience arxiety when they have to use it. On the other hand, males experience anxiety

over mathematics because they are pressured to take mathematics. As well, perceptions

of confidence in and usefulness for mathematics may be affected (Fennema and Peterson

1985; Fennema 1989; Meyer and Schatz-Koehler 1990). The young girl may think "I am

female, mathematics is a male domain, I am not as good in mathematics as males and it

really doesn't matter because all girls are like that and I don't need to know mathematics

anyway because I won't have much use for it." This is a rather crude illustration of the

thought process concerning mathematics that may exist in very young girls. It follows,

then, that with such affective differences, these females will not likely enjoy nor value

mathematics as much as males. As well, the literature indicates a propensity for females
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and males to possess differing causal attributions for success in mathematics (Mura 1987;

Meyer and Schatz-Koehler 1990). Females tend to attribute their success in mathematics

to effort whereas males have a tendency to attribute their success to ability. Hence, these

females believe that they have less ability in mathematics than males which results in a

situation of learned helplessness.l That is, these females feel they have little or no control

over their success in mathematics. Females may expect not to do well in mathematics

whereas males may expect to succeed in mathematics. Such beliefs and feelings about

mathematics are not conducive to the learning and use of mathematics. That is to say, the

internalized views concerning mathematics become real differences through the self-

fulfilling prophecy (Becker 1981). For instance, when these females reach the point in

their academic career where they can choose their areas of study, they will be more likely

to avoid participation in mathematics (Tobias 1976;Betz 1978;Hart Reyes 1984; Singer

and Stake 1986; 'Wigfreld and Meece 1988; Fennema L990a; Flessati and Jamieson i991;

Lefevre etal. 1992).

In the final analysis, all of these factors may operate in some combination to

create an anxious reaction to mathematics when it is encountered. These females, when

forced to use mathematics, will be prone to experiencing anxiety. This anxiety, in turn,

reinforces their feelings and beliefs about mathematics which does not do anything to

lessen the occurrence or intensity of anxious experiences the next time mathematics is

encountered. Ultimately, the combination of anxious experiences when encountering

mathematics, and the avoidance of mathematics anxiety, via avoiding mathematics, may

lead these females to have lower levels of achievement in mathematics. The literature

indicates that mathematics anxiety may be a key variable operating between these

socialization factors and mathematics achievement. Such experiences of mathematics

I The terms learned helplessness and self-fulfilling prophecy are only being used loosely in the context of
the thesis. They do not necessarily refer to specifred definitions in the context of psychological literature.
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anxiety and low mathematics achievement may influence these females to avoid

mathematics courses in university and mathematics related careers.

If the above section is correct in its assertions, altering differential gender

socialization is, obviously, a major goal to strive for in the elimination of gender

differences in mathematics. However, this is no simple nor short-term task. Given the

immediacy of the problem and the importance of mathematics anxiety in the production

of gender differences in mathematics, it is necessary to acquire a deeper understanding of

mathematics anxiety for females and males than is currently available.
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CHAPTER III

WHAT IS MATHEMATICS ANXIETY?

The meaning of the term mathematics anxiety is somewhat ambiguous. In

reviewing the various sources which discuss mathematics anxiety, it becomes clear that

no one specific definition of the term exists. As Hart Reyes (198a:563) has stated, "one

of the difficulties with the mathematics anxiety literature...is in understanding what

mathematics anxiety is." In 1976, Tobias popularized the term "math anxiety". Tobias

argued that a major contributing factor for why females are more likely to avoid

mathematics than males is that they suffer from higher levels of mathematics anxiety.

Tobias referred to mathematics anxiety as feelings of "panic, helplessness, paralysis, and

mental disorganization that arise among some people when they are required to solve a

mathematical problem." (Tobias and Weissbrod, 1980:65) Mathematics anxiety is more

commonly defined by Richardson and Suinn (1972:551) as, "feelings of tension and

anxiety that interfere with the manipulation of numbers and the solving of mathematical

problems in a wide variety of ordinary life and academic situations."

In actuality, mathematics anxiety should be considered more of a construct than a

concept. That is, rather than being a term which has uniform conceptual meaning,

mathematics anxiety is closely tied to operational definitions in available empirical

research. Indeed, Richardson and Suinn's definition of mathematics anxiety, which

appears in the literature to be among the most popular of denotations, is derived from

their Mathematics Anxiety Rating Scale or MARS. Mathematics anxiety, then, is a

construct which is created in a backward fashion. That is, the definition of mathematics

anxiety is based on its measurement. As will be shown in the following section, this

ambiguity surrounding the precise meaning of mathematics anxiety has created some

controversy.

25



DIMENSIONALITY OF THE MATHEMATICS ANXIETY RATING SCALE

Given the lack of precision in the meaning of mathematics anxiety, a number of

investigators have taken it upon themselves to analyze the dimensionality of mathematics

anxiety. Since the Mathematics Anxiety Rating Scale is the instrument most commonly

used to measure mathematics anxiety, these researchers have typically utilized the MARS

in their analysis. Many investigations have made use of factor analysis to uncover

empirical dimensions within the MARS.

Brush (1978) was among the first researchers to factor analyze the MARS. Brush

performed this analysis as one segment of an article related to the validity of the

Mathematics Anxiety Rating Scale. Two factors of the MARS were isolated by Brush.

Using principal components analysis extraction and varimax rotation, Brush found the

first factor of the MARS to be Problem-Solving Anxiety. Situational statements, like

"Adding up 976 + 777 on paper", characterize the items which combine to produce factor

one. The second factor, Evaluation Anxiety, consists of items like "Thinking about an

upcoming math test one day before" and "Being given a homework assignment of many

difficult problems which is due the next class meeting." It is very interesting to note that,

in this study, Evaluation Anxiety was not found to be the most important factor. Rather,

Problem-Solving Anxiety was found to be the most important factor in the MARS. As

will be discussed later, recent studies indicate that Evaluation Anxiety is a far more

significant dimension of the MARS.

Rounds and Hendel (1980) also considered the dimensionality of mathematics

anxiety by factor analyzing the MARS. These investigators noted that mathematics

anxiety, as measured by the MARS, is widely assumed to be a unidimensional construct.

However, it is the opinion of Rounds and Hendel that this unidimensionality is not

proven. Their concem lies in the therapeutic use of the MARS. That is, "If the MARS is

multidimensional, pretherapy to posttherapy decreases in MARS scores could
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presumably be accounted for by dimension(s) that may or may not be mathematics

anxiety." (1980:139). Among the purposes of their study, then, was the identification of

independent dimensions underlying those items making-up the MARS. A factor analysis

was conducted on the MARS data derived from 350 female participants in a mathematics

anxiety treatment program at alarge midwestern university. Rounds and Hendel used a

principal-axes technique and oblique rotation for their factor analysis and arrived at a

two-factor solution for the MARS. The first factor measures anxiety associated with

writing mathematics tests and is thus labeled Mathematics Test Anxiety. The second

factor, Numerical Anxiety, refers to "everyday, concrete situations requiring some form of

number manipulation." (1980:142) These researchers conclude that mathematics anxiety,

as measured by the MARS, is not unidimensional.

Resnick et al. (1982) also examined the dimensionality of the Mathematics

Anxiety Rating Scale. Their objective was to identifr the independent dimensions

underlying mathematics anxiety as measured by the MARS. The sample consisted of

1 , 1 06 freshmen at the University of Rochest er in 1979 . Principal component analysis, the

scree test, and varimax rotation were used in the factor analysis. Resnick et al. found

three underlying dimensions of the MARS. The first factor, labeled Evaluation Anxiety,

refers to the "anticipation and receipt of mathematical work to be evaluated, especially

tests". Social Responsibility Anxtety, the second factor, encompasses the responsibility

for fiscal or arithmetic matters in organizations and clubs. Everyday situations which

require many types of mathematical operations characterized the third factor, called

Arithmetic Computation Anxiety. Similar to Rounds and Hendel, factor one was found to

dominate the other factors. However, on the basis of these findings, it cannot be

concluded that the MARS is a unidimensional construct.

Another probe into the construct of mathematics anxiety was conducted by

McAuliffe and Trueblood (1986). Using 138 primarily female, preservice elementary and

special education teachers who \ryere enrolled in professional courses and field
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experiences, McAuliffe and Trueblood investigated the dimensionality of mathematics

anxiety. The authors used principal components analysis and varimax rotation as well as

a more complicated refactoring method to arrive at a three factor solution for the MARS.

The first factor is labeled Evaluation and consists of elements involving concern with

evaluation from many different perspectives including test taking, problem-solving,

course-related elements and others' perceptions of one's work. The second factor,

Performance, conceÍns the actual "doing" of mathematics in both the traditional school

setting and in a social setting. The third factor, Quantification, involves quantitative

elements such as historical dates, number of college credits, budgets and tallies. Once

again, the first factor of the MARS proved most important. Indeed, McAuliffe and

Trueblood (1986:9) conclude that, "evaluation plays a significant role in the consideration

of mathematics anxiety" and "not only encompasses traditional test taking activities but

also activities in which a person is faced with external perceptions of his/her work."

Mathematics anxiety is again found not to be unidimensional but is dominated by the

evaluation factor.

Bessant (1994) factor analyzedthe MARS using quartimax rotation and arrived at

a factor solution for the MARS consisting of six factors. The first factor, General

Evaluation Araiety, encompasses situations which stimulate feelings of dread, panic and

apprehension. Due to their theoretical importance, Bessant included five other factors in

the solution. The second factor, Everyday Numerical Anxiety, involves the arxiety

experienced while using basic mathematics for budgetary or financial purposes. Passive

Observation Araiety, the third factor, refers to feelings of distance and separation from

the leaming task while watching, waiting and listening during others' actions. Fourth,

Performance Anxiety, involves anxiety associated with carrying out basic mathematics

while being observed by others. The fifth factor, Mathematics Test Anxiety, includes

situations such as the anticipation of writing a mathematics test. Finally, Problem-

Solving Anxiety entails anxiety associated with contexts or processes related to problem-
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solving such as fractions and word problems. Hence, it is clear from Bessant's analysis

that the MARS is not a unidimensional construct. Moreover, the MARS can be viewed

as having a number of theoretically meaningful dimensions.

Mathematics anxiety, then, is a term which should properly be viewed as a

construct since its definition is typically derived from empirical measures. The

instrument created by Richardson and Suinn (1972) termed the Mathematics Anxiety

Rating Scale is typically used in assessing the dimensionality of mathematics anxiety.

Based on the dimensional assessments of the MARS reviewed above, it is clear that

mathematics anxiety is not a unidimensional construct. However, it is also evident that a

dimension concemed with evaluation is very meaningful. This evaluation component of

mathematics anxiety is consistently found to be present and it often evinces itself as the

most important dimension of the MARS. Though the interpretations of this evaluative

dimension differ among researchers who isolate it, a fairly consistent component of this

anxiety involves worry over the anticipation and receipt of mathematics tests. Hence,

while mathematics arxiety is multidimensional, its meaning would appear to be

dominated by anxiety associated with evaluation, specifically with reference to

mathematics tests.
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CHAPTER IV

THEORETICAL FRAMEWORK

DIMEN SIONAL HYPOTHESES

Based on the review of the literature conceming the dimensionality of the

Mathematics Anxiety Rating Scale, a few basic themes can be extracted and used to

predict the underlying factor structure of the MARS. The relevant literature indicates that

the typical number of factors found in the MARS is either two or three. Since the

traditional procedure is to end the analysis of the MARS at two or three factors, the

present study hypothesizes that a three factor solution will result from a factor analysis of

the data. After reviewing the various themes which have been found to underlie the

MARS, it is apparent that the most common dimension refers to what can be termed

General Evaluation Anxiety. That is, past studies have typically found the first factor of

the MARS to be primarily an evaluation factor which involves anxiety associated with

being evaluated on one's mathematical work as well as anxiety specifically related to the

anticipation and writing of mathematics tests. The second factor hypothesized to result

from a factor analysis of the MARS is what Rounds and Hendel (1930) refer to as

Numerical Araiety. This factor entails anxiety associated with everyday situations

involving number manipulation. It appears as though Quantification Anxiety (anxiety

involving quantitative elements such as historical dates) as identified by McAuliffe and

Trueblood (1986), Everyday Numerical Araiety (anxiety suffered from using basic

mathematics for budgetary or f,rnancial purposes) identified by Bessant (1994) and

Arithmetic Computation Anxiety (arxiety from everyday situations which require many

types of mathematics manipulations) can all be seen as being included in the factor

termed Numerical Anxiety. That is, the core theme of these factors falls within the

Numerical Anxiety factor identified by Rounds and Hendel (1980). The third factor
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hypothesized to result from a factor analysis of the MARS, Problem-Solving Anxiety,

refers to anxiety associated with problem-solving such as fractions and word problems

(Bessant 1994; Brush 1978). Thus, based on the review of the core themes found to be

present in mathematics anxiety, it is hypothesized that a factor analysis of the data used in

the present study will elicit three factors which closely resemble General Evaluation

Anxiety, Numerical Anxiety and Problem-Solving Anxiety as they have been characterized

above.

RESEARCH HYPOTHESES:

GENDER -+ INTERVENING PROCESS -+ MATHEMATICS ANXIETY

Although the results of previously conducted studies provide varying findings

with respect to gender differences in mathematics, an overview clearly shows enough

evidence to suggest that there is some question with respect to the mathematics anxious

experiences of females and males. That is to say, there is some reason to believe that a

relationship exists between gender and mathematics anxiety. The model in figure 2

below represents the interrelationships between the variables included in the present

study which, according to the review of the literature, are associated with mathematics

anxiety. The present study will evaluate the linkages between the background variables,

attitudinal variables and mathematics anxiety.
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Figure 2. Heuristic Model of Variables in the Study Related to Mathematics Anxiety.

Math Background
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v4

Faculty
Choice

V6
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Note: This is an O¡iglnal Model.

The model in figure 2 will serve as a heuristic device to aid in the

conceptualization and testing of the relationship between gender and mathematics

anxiety. As can be seen in the model, gender is theoretically linked to the social variables

of mathematics background and recency of mathematics education. It is important to

note how gender is being defined in the present study. For the purposes of the current

investigation, gender is deemed a composite construct including both biological and

social influences (other than those from the variables included in the intervening process)

on mathematics anxiety. Gender, then, should not be mistaken to mean biological

differences between females and males that have an effect on mathematics anxiety.

Rather, while including any such differences that may exist, gender also includes other

external factors that may affect mathematics anxiety which have not been measured in the

present study. The review of the literature indicates the possibility that females and

males are differentially socialized such that females possess a tendency to avoid

v7
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mathematics (Tobias 1976; Betz 1978; Hart Reyes 1984; Singer and Stake 1986;

V/igfield and Meece; Fennema I990a; Flessati and Jamieson 1991; Lefevre et al. 1992).

If this is the case, it is likely that females will possess less extensive mathematics

backgrounds than males. Subsequently, it would also be likely that these females will

have less recency of mathematics education than males. These differences in

socialization and background variables, in tum, may lead to the formation of affective

differences for females and males. As both a direct and indirect result of gender-

stereotypical socialization, females may differ from males in their attitudes toward

mathematics. They may both enjoy and value mathematics less than males. These

variables are likely associated with one's academic pursuits. That is, as a result of some

combination of gender differentiated socialization, low mathematics background, less

recency of mathematics education, and less positive attitudes toward mathematics, it is

possible that some females choose academic careers which do not involve the use of

mathematics (faculty choice). All of these variables may be linked in the production of

university student mathematics anxiety.2

The general hypotheses regarding linkages between the variables in the study are

the following:

Females are expected to experience higher levels of
mathematics anxietv than males.

This general hypothesis involves the direct relationship between gender and

mathematics anxiety. It is the contention here that the expected difference between

females and males is primarily due to the effects of the intervening variables. Gender

operates through two kinds of relationships; direct and indirect. It is believed that where

differences are found in mathematics anxiety between the senders. these differences are

2 It should be noted that this is an operational model which is based on both theory and data limitations.
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primarily due to an intervening process. Thus, all other things being equal, females and

males should experience similar amounts of mathematics anxiety. Under certain

circumstances, as a function of particular intervening variables, gender differences in

mathematics anxiety may occur. Furthermore, the direction of these gender differences is

dependent upon the relationship of females and males to the intervening process such that

it is possible for females to experience less mathematics anxiety than males. Where

differences have been found in the past, though, they are usually in the direction of

females experiencing higher levels of mathematics anxiety than males. In accordance

with the present discussion it follows that differences in mathematics anxiety favoring

males are more the result of the intervening process than any biological differences which

may or may not affect mathematics arxiety. It is this intervening process, then, which the

present study will examine. In order to investigate this hypothesis it is necessary to

investi gate five subcate gories of hypotheses.

Based upon research conducted in the past, a number of variables can be placed in

the mediating process between gender and mathematics anxiety. Different of these

variables are used by divergent researchers to explain mathematics anxiety. One variable

frequently discussed in the literature is mathematics background.

Mathematics Background

Mathematics background is a variable which has been used in the study of both

mathematics anxiety and mathematics achievement. Fennema and Carpenter (1981)

produced an article which reported and investigated the significance of the sex-related

differences in mathematics found in the National Assessment of Educational Progress.

The N.A.E.P. consisted of seventy thousand children and adolescents aged nine, thirteen

and seventeen. The results of the study indicated that at ages 9 and 13 there were no

differences between the sexes in mathematics achievement. However, males aged 17

were found to be considerably superior in their mathematics achievement than females of
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the same age at all cognitive levels. When mathematics background was held constant

the achievement of males aged 17 was still superior to the corresponding aged females.

Furthermore, it was found that the more mathematics courses which had been completed,

the greater the magnitude of the difference between females and males. It was also

observed with the l7-year-old subjects that as task complexity increased so did the

difference in achievement between females and males. That is, the more cognitively

demanding the mathematics the greater the gap in performance in favor of males. The

results of this nationwide assessment led Fennema and Carpenter (1931:558) to conclude

that, "attaining equal achievement in mathematics is a complex problem that requires

more than ensuring that females enroll in mathematics courses."

One's mathematics background has also been found to be an important

determinant of distress from mathematics anxiety. As mentioned in a previous section,

Betz (1978) found that female and male students registered in a more advanced

mathematics course were equal with regard to amounts of mathematics anxiety they

encountered. On the other hand, females registered in introductory and more basic

mathematics courses experienced more mathematics anxiety then males . Betz (1975:a46)

also found that, "a moderately strong relationship (exists) between mathematics anxiety

and number of years in high school math." Furthermore, this association did not vary

between subgroups of subjects nor did it vary between sexes. Thus, according to Betz,

mathematics anxiety experienced in college is certainly affected by one's mathematical

preparation in high school and one's gender.

Brush (1978) also conducted research in this area. Using two different samples,

Brush examined females and males with respect to mathematics anxiety as measured by

the Mathematics Anxiety Rating Scale. In the first sample the females were found to be

much more mathematics anxious than the males. However, when this was replicated with

the second sample, there were no significant sex differences present. Brush points out

that females in the first sample had lower levels of mathematics background than those in
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the second sample. That is to say, in the second sample both males and females had

equal previous mathematics experience but in the first sample they did not. Brush

(1978:a88) concludes that, "Higher MARS scores accompanied more limited experience

with mathematics". Resnick et al. (1982:45) anived at the same conclusion: "Math

anxiety is not limited to females but is a phenomenon that is prevalent among students

who are not adequately prepared in mathematics."

Although there may be some disagreement as to how gender and mathematics

anxiety relate to mathematics background, there is little doubt that persons with more

advanced mathematics backgrounds will experience less mathematics anxiety than those

with less advanced backgrounds in mathematics. Those with less extensive mathematics

backgrounds are probably aware that they are less knowledgeable and prepared in

mathematics. Therefore, when encountering mathematics, they will be more likely to

experience anxiety over not being as proficient in mathematics as others.

(a) If mathematics background is more importantly related
to mathematics anxiety for females, then it is expected that
females will experience higher levels of mathematics anxiety.

Previous research (Tobias 1976;Betz 1978;Hart Reyes 1984; Singer and Stake

1986; V/igfield and Meece 1988; Fennema 1990a; Flessati and Jamieson 1991; Lefevre et

al. 1992) seems to indicate that females have a greater tendency than males to avoid

participating in mathematics. Such avoidance may occur as a result of socialization.

That is, parents' and teachers' gender stereotypic expectations may be transmitted to

children such that females possess feelings which lead them to avoid mathematics. Given

the operation of these factors, females should be less likely than males to enroll in

mathematics courses md, therefore, should have less extensive backgrounds in

mathematics than males. If females do have less extensive backgrounds in mathematics
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than males, then we would expect females to experience higher levels of mathematics

anxiety than males.

Recency of Mathematics Education

Recency of mathematics education is a variable which can also affect mathematics

anxiety. Unlike the variable of mathematics background, one's recency of mathematics

education is not a variable which has typically been isolated as intervening in the

relationship between gender and mathematics anxiety. Due to recent trends toward

increasingly open admissions policies in universities, more nontraditional or non-

sequential students are gradually entering and becoming involved in university education.

Betz (1978) has shown the variable of age to be directly related to experiences of

mathematics anxiety. The older a person is the more likely he/she is not to have been in

the educational system for some time and therefore, to experience higher levels of

mathematics anxiety when encountering mathematics. However, for the purposes of the

present study, recency of mathematics education is the best measure for assessing the

impact of this variable on mathematics anxiety. That is, regardless of age, the longer it

has been since one has been enrolled in a mathematics course the more likely it is that

helshe will experience mathematics anxiety. Students who have not studied mathematics

for some time may forget much of what they have learned in the past and thus, may be

less proficient in mathematics. These students may feel discomfort being in a

mathematics class with many younger students who have recently taken mathematics in

high school or university. Hence, it may be that a combination of less proficiency and

feelings of inadequacy lead these students to experience higher levels of mathematics

anxiety.

(b) If recency of mathematics education is more importantly
related to mathematics anxiety for females, then it is expected
that females will experience higher levels of mathematics anxiety.

a-
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According to this proposition, recency of mathematics education is expected to be

negatively related to mathematics anxiety. The general assumption on which this

proposition is based is that individuals who have not been exposed to mathematics for

some time will be more likely to experience anxiety than those who are more familiar

with, and accustomed to working with mathematics. Given the notion that females have

a propensity to avoid mathematics, it follows that they should be less likely than males to

have recently completed coursework in mathematics. Of course, this variable should be

strongly associated with mathematics background. If females have not completed

mathematics coursework as recently as males, then we would expect females to

experience higher levels of mathematics anxiety than males.

Attitudes Toward Mathematics

Another variable that is an important determinant of mathematics anxiety involves

one's attitudes toward mathematics. Indeed, just as mathematics attitudes have been used

as intervening variables between gender and mathematics achievement, so too have they

been used to investigate mathematics anxiety.

There has been some disagreement as to the precise nature of the relationship

between mathematics attitude and mathematics anxiety. Hembree (1990) notes that a

relationship does exist between mathematics attitude and mathematics anxiety. Indeed,

Hembree (1990:38) states that "Positive attitudes toward mathematics consistently related

to lower mathematics anxiety". Hembree fails, though, to discuss the distinctiveness

between mathematics attitude and mathematics anxiety. Some mathematics educators,

according to Hart (1989a) have taken attitude to mean anxiety. Fennema (1977) has

constructed a scale for the measurement of mathematics attitudes in which mathematics

anxiety is included (Fennema, 1989). To the extent that Fennema uses a mathematics

anxiety scale as one measure in the Fennema-Sherman Attitude Scales, it implies a
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blending of the concepts of mathematics anxiety and mathematics attitude. On the other

hand, Bessant (1994) is of the opinion that mathematics attitude and anxiety are distinct

variables which must be taken separately. Bessant (1994:3) explicitly states that

"attitudes toward mathematics differ from anxiety, both in terms of content (or quality)

and degree of emotional intensity."

Hart (1989a) has noted that positive attitudes can be seen as producing greater

learning and increased understanding which can, in turn, be seen as leading to more

positive attitudes. Likewise, this is true of the relationship between attitudes and

mathematics anxiety. That is, poor attitudes toward mathematics can foster proneness to

mathematics anxiety. Similarly, high levels of mathematics anxiery can generate poor

attitudes toward mathematics. Thus, the relationship between attitudes and arxiety is one

which is reciprocal.

Aiken appears to have been among the first scholars to identiff the importance of

one's attitude toward mathematics for mathematics learning (1970; 1972; 1974; 1976)

Indeed, Aiken (1976) reports that male students more often are found to have higher

mathematics attitude and achievement differences ranging from junior high to college

levels. Aiken, while noting that other investigations into mathematics attitudes have

focused on enjoyment of mathematics, asserts that it is important to assess the value of

mathematics. Enjoyment of mathematics encompasses liking for mathematics problems

as well as mathematical terms, symbols and routine computations whereas value of

mathematics refers to "Recognizing the importance and relevance of mathematics to the

individual and to society." (Aiken, 1974:67) According to Aiken, attitudes toward

mathematics can be assessed by looking at these two variables separately. Aiken

provides measures for each of these attitudinal variables which will be discussed later.

With respect to attitudinal associations with mathematics anxiety, enjoyment of

mathematics is expected to be negatively related to mathematics anxiety. This

proposition is based on the logical assumption that experiencing enjoyment while doing
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mathematics is likely to be incompatible with, or at least not conducive to, experiencing

anxiety.

(c) If enjoyment of mathematics is more importantly
related to mathematics anxiety for females, then it is
expected that females will experience higher levels of
mathematics anxiefv.

Previous studies have indicated that females are socialized by parents and teachers

to expect not to do as well as males in mathematics, not to be as confident as males in

mathematics and not to find mathematics as useful as males. Moreover, keeping in mind

the expected relationships between gender and mathematics background as well as gender

and recency of mathematics education, it is likely that not only will the resulting lack of

proficiency and confidence in mathematics lead to higher levels of mathematics anxiety,

but these conditions will also lead females to enjoy mathematics less than males. That is

to say, a lack of proficiency and confidence in mathematics will lead to a lack of

enjoyment for females when they have to use mathematics. If females do indeed enjoy

mathematics less than males, then we would expect females to experience higher levels of

mathematics anxiety than males.

Mathematics anxiety and valuation of mathematics should also be negatively

related. That is, based on logic it is assumed that individuals who value mathematics will

be less likely to experience anxiety when using mathematics. Similar to enjoyment of

mathematics, value of mathematics implies a positive attitude toward mathematics. Thus,

it is less likely that one who strongly values mathematics will be arxious when using it

because of the positive feelings associated with valuation.

(d) If mathematics valuation is more importantly related
to mathematics anxiefy for females, then it is expected
that females will experience higher levels of mathematics
anxiety.
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As has been indicated by some researchers, females are often socialized to feel

that, because they are female, they have less need for mathematics than do males.

Possession of mathematical skills is, though quite erroneously, often viewed as not being

necessary for the types of work traditionally prescribed to females. Thus, the

transmission of such attitudes should lead females to value mathematics less than males.

Although such attitudes have likely changed in recent years, it is certainly premature to

omit this explanation from the analysis. If it is true that females value mathematics less

than males, then we would expect females to experience higher levels of mathematics

anxiety than males.

Faculty Choice

One's choice of faculty is another variable which has been identified by some

investigators as being related to mathematics anxiety. Ohlson and Mein (1977) set out to

compare undergraduate mathematics and nonmathematics majors in terms of

mathematics anxiety. These researchers found that nonmathematics majors are not more

anxious than mathematics majors. Furthermore, with respect to nonmathematics majors

Ohlson and Mein found that in different classroom situations there were no differences in

anxiety levels. That is, being in a mathematics classroom creates no more anxiety than

being in a nonmathematics classroom. However, it is important to add that the findings

of Ohlson and Mein may be spurious. That is, the variable of mathematics background

may be operating inside the faculty choice variable. Indeed, Ohlson and Mein (1977:53)

point out that "...if nonmathematics majors were in a mathematics sequence, this could

have been their second or third quarter in a mathematics class." Thus, the attitudes

toward mathematics of the respondents who \Ã/ere nonmathematics majors may have been

altered by their backgrounds in mathematics.

Morris, Kellaway and Smith (1978) posited that psychology students, as

compared to mathematics students, would have significantly higher scores on the
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Mathematics Anxiety Rating Scale. These researchers found that psychology students

experience higher levels of mathematics anxiety than mathematics students. Therefore, it

was concluded that those students in the sample who were voluntarily taking mathematics

experienced significantly less mathematics anxiety than those who were taking

mathematics because it was required.

Brush (1978) found that students in the sample whose majors were in the

humanities scored the highest on the Mathematics Anxiety Rating Scale. Further, social

science majors had the second highest MARS scores and physical science majors

experienced the least amount of mathematics anxiety.

Although some disagreement may be present, one can make the general statement

that students registered in the Faculty of Arts will be more likely than those registered in

the Faculty of Science to experience mathematics anxiety.

(e) Females within the X'aculty of Arts are more apt to
experience higher levels of mathematics anxiety than
their male counterparts or both females and males in the
Faculfv of Science.

It can be generally assumed that many students choose majors in the Faculty of

Arts because the academic subjects which they enjoy are located in that faculty. For

other students, the choice of the Faculty of Arts may be an avoidance of the natural

sciences because of feelings of discomfort in those areas, such as mathematics, which

comprise the natural sciences. As well, perhaps traditional views possessed by parents

and teachers with respect to the faculty in which females and males should register, and

ultimately the career which that individual will assume upon graduation, are at least

partially responsible for the choice of faculty made by female and male students. That is,

some females and males may be socialized to feel it inappropriate to specialize in

nontraditional academic fields. It is also probable that students in the Faculty of Arts will

possess less extensive mathematics backgrounds than students in the Faculty of Science.
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Recalling the expected relationships between mathematics background, recency of

mathematics education, mathematics attitudes and mathematics anxiety, it follows that

students in the Faculty of Arts will be more likely than students in the Faculty of Science

to experience mathematics anxiety. As well, because of differential gender socialization,

females are expected to enjoy and value mathematics less than males and to avoid

mathematics more than males. Even within the Faculty of Arts, due to socialization from

parents and teachers, males may view mathematics as being a male domain and may be

more confident in mathematics than their female colleagues. The ensuing consequence of

all of these factors is that females within the Faculty of Arts may experience higher levels

of mathematics anxiety than males within the Faculty of Arts.

The above hypotheses will be tested in terms of their accuracy for the sample

being used in the present study.
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CHAPTER V

MATERIALS AND METHODS

THE DATA SET

The present study utilized an existing data set collected by Bessant (1994).3 The

data were collected by Bessant to study mathematics anxiety in university students.

However, Bessant has not used the data to investigate the issue of gender differences in

university student experiences of mathematics anxiety. The first part of Bessant's

questionnaire, dealing with mathematics attitudes, was administered initially. The second

part of the questionnaire, the MARS, was administered one week later. Separate

administrations were necessary to minimize cross-instrument contamination (Bessant,

re94).

Sample

A total of 189 students (114 females and 75 males) participated in the study.

Cases in the study are Brandon University students who were registered at the time of

case selection, in one of two statistics/methods courses offered by the Department of

Mathematics, or introductory level statistics courses required by the Sociology and

Psychology Departments. Convenience sampling is the conventional mode of sampling

used to study mathematics anxiety. Bessant's convenience sample has a number of

strengths. Each of the courses used are similar in their content such that the students

sampled in each course are subject to similar levels of mathematics. Further, Bessant

(1994) points out that the resulting sample represents students from various mathematics

backgrounds, faculties and degree programs. Those students registered in Introduction to

3 Compilation and creation of the data set utilized in the present study was supported by a grant from the
Brandon University Research Council (B.U.R.C.).
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Statistics courses represent a very broad range of students in terms of the intervening

independent variables. That is, it is likely that a number of students in Introduction to

Statistics are science majors with relatively strong backgrounds in mathematics as well as

nursing students, music students, education students etc. who typically have less

advanced mathematics backgrounds. Further, there is more than one section of this

course at Brandon University. Hence, these students are very well represented in the

sample. One further strong point of the sampling technique utilized by Bessant is its

exhaustiveness. The exhaustiveness of the sample allows for the maximization of

variation in the variables to be studied.

Since this form of sampling is a non-probability technique, the precision of the

sample can not be discemed based on a calculated sampling error. Thus, the difficulty

with this type of sampling is that generalizations can not be made to a wider population

of university students with a statistical measure of confidence. At the very least, this

sample will allow speculation to a wider population of university students.

INDEPENDENT, DEPENDENT AND CONTROL VARIABLES

Gender is the main independent variable in the study. However, there are f,rve

other variables which serve as independent and control variables depending upon the

particular analysis being performed. These variables are mathematics background,

recency of mathematics education, mathematics enjoyment, mathematics valuation and

faculty choice. The overall dependent variable in this study is mathematics anxiety.

Since the meaning of attitudes toward mathematics is being assessed for females and

males separately, it is reasonable to use the respective dimensions of mathematics

attitudes for females and males as variables in the intervening process. As well, it is

sensible to evaluate the relationships between the intervening variables and each

dimension of mathematics anxiety. In this way, we can look back and see how females

and males are being affected by external influences, such as differential treatment by

45



parents and teachers, and how this process is creating a particular experience of

mathematics arxiety for female and male groups. Hence, the actual number of variables

included in the analysis were determined after assessing the dimensionality of

mathematics attitudes and mathematics anxiety for females and males.

MEASUREMENT

The independent variable, gender, consists of the attributes female and male.

Gender is derived from the question in the background section of the questionnaire which

asks, "What is your Gender?" (see Appendix -A- question 127 under 'Background

Information').

The first mediating variable, mathematics background, is measured by the

question asking "What was the last math class you took in high school?" (see Appendix -

A- question 118 under 'Background Information'). Respondents are categorized as

having a mathematics background of either less than 300 level mathematics or 300 and

higher mathematics.

Recency of mathematics education is taken from the question in the Background

section which asks, "How long has it been since you last enrolled in a math class/course?"

(see Appendix -A- question 120 under 'Background Information'). Respondents are

grouped into one of four categories (within the past year; I to 2 years ago; 3 to 4 years

ago; 5 or more years ago).

Attitudes toward mathematics are measured using scales which include those

created by Aiken (1974). More specifically, the section of the instrument which was

designed to measure mathematics attitudes (see Appendix -A- under'Attitudes Towards

Mathematics') is adopted from Aiken (1974). This section is composed primarily of

Aikens' questions which measure both the enjoyment and value of mathematics. The

scale to be used will consist of 2I statements which are intended to measure both

mathematics enjoyment (for example, "I enjoy going beyond the assigned work and
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trying to solve new problems in mathematics") and valuation (for example, "Mathematics

has contributed greatly to science and other fields of knowledge"). The responses for

each of these variables are recorded on a five point Likert scale ('Strongly Agree', 'Agree',

'Undecided', 'Disagree', 'Strongly Disagree'). Using factor analysis, the dimensionality of

attitudes toward mathematics for the sub-samples of females and males were analyzed.

Based on these analyses, the mathematics attitudes of females and males can be assessed

and variables representing attitudes toward mathematics for females and males were

created.

One's choice of faculty is measured by the question which asks "In which

faculty/degree/program are you currently registered or intending to register?" (see

Appendix -A- question 125 under 'Background Information'). Respondents aÍe

categorized into one of either Arts, Science or Other.

The dependent variable, mathematics anxiety, is measured via a modified version

of the Mathematics Anxiety Rating Scale (MARS). The MARS was originally developed

in 1972 by Richardson and Suinn. These researchers had intended the scale to be used to

evaluate "...anxiety associated with the single area of the manipulation of numbers and

the use of mathematical concepts." (Richardson and Suinn, 1972:551) The particular

version of the MARS used was revised by Bessant in order to measure the mathematics

anxiety experienced by Canadian university students. Eighteen items were removed from

the original scale (copyright approved) to make the instrument culturally meaningful for

Canadian university students. Each of the eighty items on the scale measure mathematics

anxiety using a five point Likert scale ranging from I (not at all anxious) to 5 (very much

anxious). Subjects were asked to check off one of the appropriate categories of perceived

anxiety in response to situational questions, for instance, "Figuring out a simple

percentage, like the sales tax on something you buy."
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METHOD OF DATA ANALYSIS

In one sense, the proposed measures for mathematics enjoyment, mathematics

valuation and mathematics anxiety have already been validated through face validity.

That is to say, these measures have already been conceived in relation to their

theoretical/conceptual meaning to the proposed study and particularly with respect to

previously conducted studies. However, a Cronbach's alpha is performed to evaluate the

internal-consistency of those variables which comprise scales. Cronbach's alpha has been

chosen because it will provide a standardizeditem alpha which will allow inferences to

be drawn in terms of the internal-consistency of the scale items.

Both confirmatory and exploratory factor analyses are used in the study. A

confirmatory factor analysis is conducted to assess the structure of underlying processes

of mathematics anxiety based on the MARS. This is accomplished by performing a

factor analysis of the data and comparing the results to the hypothesized factor solution

based on previous research. Further, exploratory factor analyses are performed. One

factor analysis is performed on the MARS for females and males. Separate factor

analyses provide some insights into gender-based differences in the meaning of

mathematics anxiety. Separate factor analyses are also performed for the sub-populations

of females and males to assess the dimensionality of the respective groups attitudes

toward mathematics. For both the MARS and attitudinal measures, the factor solutions

are saved as factor scores. These factor scores represent the variables of mathematics

anxiety and attitudes toward mathematics for females and males.

Spearman's Rho is used in the study to ensure that non-interval variables closely

approximate interval level data. Spearman's Rho and Pearson's Product Moment

Correlation Coefficient matrices are calculated for each of the variables in the study

which are measured on the ordinal level. Each Pearson's coeff,rcient is then subtracted

from the corresponding Spearman's coefficient to see the difference between them. If the
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differences between the coefficients do not appear to be significant then it can be

concluded that the data approximates interval measurement and, on this assumption, the

use of parametric statistics is validated.

A breakdown is performed for each intervening variable with the dependent

variable MARS to initially test the precision of the hypotheses. The breakdown provides

an output which includes the mean MARS score for the entire sample and for all

individuals comprising each separate level of the particular intervening variable. Thus,

the precise differences in the dependent variable for each level ofan intervening variable

can be seen and compared. As well, the patterns of the means on the MARS can be

inspected to see more accurately the nature of the association between a particular

intervening variable and the dependent variable. Furthermore, the breakdown procedure

calculates the level at which the dependent variable and any intervening variable are

significant. Thus, the significance of the association can be assessed allowing the

investigator to decide on the importance of the relationship.

Pearson's Product Moment Correlation Coefficient is used to investigate the

significant associations between variables in the study for females and males. Separate

correlation matrices are calculated for females and males to investisate the associations

for each gender in terms of their direction and strength.

Multiple regression, in conjunction with correlation analysis, is used to assess the

relationships between the variables. Regression allows us to identify the extent to which

the selected independent variables explain the mathematics anxiety experienced by the

sample of university students. It is important to note that dummy variable regression will

be utilized for non-interval variables of faculty choice and gender. Multiple regression

provides an indication of the overall effectiveness of the model in terms of explaining the

dependent variables (adjusted r square), the individual explanation of each independent

variable on the dependent variables (r square change), and the relative importance (Beta)

of each independent variable on the dependent variables. Further, the significance of the
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slopes and of the explanation offered by the independent variables in terms of the

dependent variables can be assessed in multiple regression (using the T-and F-statistics

respectively). Of the various types of multiple regression, stepwise multiple regression

has been selected to assess the importance of the independent variables in terms of their

explanation for mathematics anxiety. Since the objective of the first regression is to see

which variables are most important in terms of the explanation which they offer for

mathematics anxiety, it seems most logical to use stepwise multiple regression. That is to

say, in stepwise multiple regression the shared variance between variables is added to the

more important variable. Thus, stepwise multiple regression serves as a better reflection

of reality in terms of the importance which the independent variables have on the

dependent variables. Hierarchical multiple regression is also used in the study. The

purpose behind using hierarchical regression is to see the explanation and relative

importance of the independent variable gender on the dependent variables while holding

all of the intervening variables constant. By entering all of the intervening variables into

the regression equation on the first step and then entering gender, the percent ofvariance

in mathematics anxiety explained by gender alone can be assessed.
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CHAPTER VI

ANALYSIS AND RESUTTS

The present chapter contains the procedure and results of the various analyses

employed in the study. The overall meaning of the results are presented and discussed in

the next chapter.

RELIABILITY AND MEASUREMENT OF SCALE VARIABLES

In order to ensure the reliability of the scale variables Cronbach's alphas were

calculated. That is, the scale variables had their internal consistency checked for

acceptability.a When the reliability analysis was performed on the MARS, the

standardized item alpha was found to be .9759. The higher the coefficient (ranging from

0-1) the more internally consistent are the scale items. Thus, it can be concluded that the

MARS is an extremely reliable measure of mathematics anxiety. After conducting a

reliability analysis on the items which measure enjoyment of mathematics, the

standardized item alpha was shown to be .9017. Hence, the items comprising the

enjoyment of mathematics scale are intemally consistent and provide a highly reliable

measure of mathematics enjoyment. The standardized item alpha for the scale measuring

value of mathematics was shown to be .7795. Though not as high in retiability as the

measures previously discussed, a reliability coefficient of nearly .8 is acceptable. It was

concluded, then, that the measure of mathematics valuation is also quite reliable.

Therefore, all of the scale variables used in the study are deemed reliable measuÍes of the

concepts which they are intended to represent.

a To check the reliability of the scale variables it was necessary to create new variables by summing the
items for each scale.
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Prior to conducting the factor analyses on the mathematics anxiety and attitudinal

measures, it is important to evaluate the extent to which they approximate interval level

data. Due to the likert scale used for these measures, each of the items is measured on the

ordinal scale. However, it is recommended that interval level data be used in factor

analysis. To assess the extent to which the data in the present study approximate interval

level measurement, a Spearman's rho matrix and Pearson's matrix were calculated for the

MARS and the attitudinal measues. Spearman's rho is a statistical method for analyzing

ordinal level variables. Therefore, the assumption of interval level data is not a

prerequisite for Spearman's rho. If a Spearman's rho and a Pearson's r are calculated for

the same data and are found not to be significantly different, then it follows that the

variables approximate interval level measurement. Thus, in this case, it is acceptable to

use a Pearson's r on the data.s Furthermore, since factor analysis is based on Pearson's r,

it follows that factor analysis can be used as a technique to assess the dimensionality of

that data. After calculating Pearson and Spearman conelation matrices for the MARS, a

number of correlation coefficients were then selected from the Pearson's correlation

matrix and the corresponding Spearman's correlation coefficients were identified. Fifty

Pearson's correlation coefftcients were selected and then subtracted from their

corresponding Spearman's coeffrcient in order to see the difference between them (see

Appendix -B- Table 1). As can be seen by observing the calculations in table 1 of

Appendix -B-, the differences in the selected correlation coefficients for the MARS are

very small. Almost all of the coeff,rcients are identical to the first decimal place and

many are even the same to the second decimal place. Indeed, only 10 of the 50

comparisons have a difference that is greater than .05. Pearson and Spearman correlation

matrices representing enjoyment and value of mathematics were also calculated. The

comparisons for enjoyment of mathematics can be seen in Appendix -B- Table 2. By

s For further discussion on the use of parametric statistics for non-interval data see Verba and Nie (1972).
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scanning the differences between the two sets of correlations, it is observed that all of the

selected correlation coefficients are identical to the first decimal place. Therefore, none

of the differences are greater than.05. However, for the value of mathematics variables,

4 of the 10 selected coefficients are significantly different (see Appendix -B- table 3).

Hence, the value of mathematics variables do not as closely approximate interval level

data as the variables comprising enjoyment of mathematics and mathematics anxiety. On

the basis of these results, it was concluded that differences between the Pearson's r and

Spearman's rho for the data are, generally, not significant. Thus, Pearson's Product

Moment Correlation Coefficient was concluded to be an acceptable statistic for these

data. Since factor analysis is based on P.P.M.C.C., it was concluded that we can use

factor analysis to analyze the dimensionality of the data in the present study. It is also

worthy of mentioning that all research attempting to empirically discern the meaning of

mathematics anxiety (Brush 1978; Rounds and Hendel 1980; Resnick et al. 1982;

McAuliffe and Trueblood 1986; Bessant 1994) factor analyze the MARS. Hence, it is a

convention in mathematics anxiety research to factor analyze the MARS.

GENERAL DIMENSIONALITY OF THE MARS

It is important to note that Richardson and Suinn's Mathematics Anxiety Rating

Scale is situationally specific in that they limit their items to specific situations. That is,

Richardson and Suinn make specific reference in their scale to situations involving

ordinary life and academics. In evaluating the utility of their scale, Richardson and Suinn

(1972:551) submit that "anxiety scales that limit their items to specific situations have

higher predictive value for those situations than tests with a more diverse content." It is

essential, when assessing the dimensionality of the MARS, to consider the types of

situations to which the items refer.

The first factor analysis of the MARS analyzes the entire data set to define the

meaning of mathematics anxiety for all students as a group. This factor analysis looks at
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the overall meaning of mathematics anxiety for females and males combined. It is
important to mention here that varimax rotation was used for all factor analyses in the

present study. Since the goal of all the factor analyses is the identification of independent

dimensions, varimax rotation was employed. Varimax rotation enhances the

interpretability of factors by minimizing the number of variables that have high loadings

on a factor Q'{orusis, 1990). Initially, the factor analysis was run with the eigenvalue set

at the default level of one. V/ith an eigenvalue of one the MARS data were shown to

have sixteen dimensions explaining 74.3 percent of the total explained variance.

However, the explained variance for those factors with an eigenvalue less than 7 is

relatively small. While the percent of explained variance for the second and third factors

is less than l0%o, these factors provide theoretically meaningful dimensions. After

examining the eigenvalues, percent of explained variance, the scree plot6 and the

theoretical meaningfulness of the dimensions, it was decided that a three factor solution

would provide the optimal model for comparison to those models discussed by previous

investigators.T

With respect to the first factor of the MARS, the eigenvalue is shown to be very

large with a value of 28.50. Furthermore, factor one contributes 35.6 percent of the total

explained variance. The factor loadings and variables representing factor one aîe

presented below in table 1.8

o A scree plotwas used for an indication of the'true'number of dimensions contained within the MARS.
This plot provides a graphical presentation of the total variance associated with each factor. An inspection
of the plot usually shows a distinct break between the steep slope of the factors with large total variance
and the scree or gradual tailing off of the rest of the factors. The scree begins at the kth factor, where k is
the true number of factors. For a more detailed discussion. see Norusis 1990.

7 Although the decision was made to extract only three factors, it is necessary to note that important fringe
factors are present. However, they are not analyzed because it is not pertinent to the objectives of the
confirmatory dimensional assessment.

8 Given the large number of variables comprising the MARS, only the salient variables loading on each
factor are reported in the tables. For the purpose of factor analyztng the MARS, salient loadings refer to
factor loadings which are .5 or higher.
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Table l. Salient Loadings, Variable Names and Corresponding Items Comprising
Fqctor I of the MARSfor Both Females and Males.

Factor One

Factor Variable
Loading Name

Item
Statement

.782 MARS69 Not Knowing the formula needed to solve a particular teslexam
problem.

.781 MARS46 Taking a final examination in a math course.

.765 MARS68 Being called upon to answer a question in a math class on a topic
you do not fully understand.

.738 MARS61 Thinking about an upcoming math test one hour before it begins.

.733 MARS45 Taking aquiz or test in a math course.
323 MARS58 Being given a homework assignment involving many math

problems, which is due the next class.
.702 MARS60 Thinking about an upcoming math test one day in advance.
.696 MARS62 Thinking about an upcoming math test five minutes before it

begins.
.670 MARS64 Waiting to get a math test returned on which you expect to do

poorly.
.670 MARS59 Thinking about an upcoming math test one week in advance.
.668 MARS71 Opening a math or statistics text and seeing a full page of

problems.
.663 MARS29 Studying for a math test.
.638 MARS72 Getting ready to study for a math test.
.616 MARS79 Being asked to explain how you arrived at a particular answer to

a problem.
.608 MARS31 Thinking about beginning a math assignment.
.608 MARS51 Having a friend teach you how to do a math problem and finding

that you cannot understand what is being said.
.598 MARS4O Raising your hand in a math class to ask a question about

something you do not understand.
.593 MARS67 Picking up a math textbook to begin a difficult reading

asslgnment.
.592 MARS56 Being given a set of algebra problems to solve.
.589 MARS77 Interpreting probability statements.
.582 MARS38 Taking the math section of a standardizedtest, like an

achievement or admissions test.
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.572

.547

MARS57

MARSTO

Picking up your textbook to begin working on a homework
assignment.
Waiting for your final math grade at the end of the term.

note: correlations for marker variables are in bold type.e

Statements corresponding to the highest factor loadings under factor one evince that the

first dimension of the MARS is primarily an evaluative factor with a strong emphasis on

anxiety over being tested on one's knowledge in mathematics. Looking at some of the

lower loadings under this factor, two sub-elements become apparent. Items such as

"Opening a math or statistics text and seeing a full page of problems" and "Picking up a

math textbook to begin a difficult reading assignment" are indicative of arxiety

associated with mathematics courses. Similarly, statements like "Being called upon to

answer a question in a math class on a topic you do not fully understand" and "Having a

friend teach you how to do a math problem and finding that you cannot understand what

is being said" involve anxiety over one's comprehension of mathematics. Factor one of

the MARS, then, is an academic dimension. Mathematics tests, mathematics courses and

comprehension of mathematical material are all contextually academic. Certainly, it is

sensible to have sub-elements of mathematics course and comprehension anxiety present

under an evaluative dimension. The majority of the items loading under factor one are

evaluative and, thus, the first dimension of the MARS is labeled General Evaluøtion

Anxiely.

The second factor of the MARS has a much lower eigenvalue and percent of

explained variance than factor one (7.12 and 8.9 respectively). Hence, factor two is not

nearly as statistically important in terms of mathematics anxiety as factor one. However,

9 Marker variables are relatively pure measures of a factor and as such define clearly the nature of a factor.
Pure variables are highly correlated with one and only one factor. Hence, these marker variables allow for
a clear identification of the core theme within a factor. For further explanation see Tabachnick and Fidell
(le8e).
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since the objective the present factor analysis is to identify the theoretically meaningful

dimensions of the MARS, the second factor was retained. Table 2 contains the factor

loadings and variables underlying the second general dimension of mathematics anxiety.

Table 2. Salient Loadings, Variable Names and Corresponding ltems Comprising
Foctor 2 of the MARSfor Both Females and Males.

Factor Two

Factor Variable
Loading Name

Item
Statement

.737 MARSl9 Watching someone work with math tables.

.723 MARS23 Walking into a math class.

.706 MARS33 Reading the word "statistics" or "mathematics".

.693 MARS21 Signing up for a math course.

.669 MARS26 Looking through the pages of a math text.

.669 MARS22 Listening to another student explain a math formula.

.662 MARS2O V/atching a professor work out an algebra problem on the board.

.654 MARS35 Solving a mathematics problem involving fractions.

.645 MARS34 Sitting in a math class and waiting for the professor to begin.

.63I MARS25 Watching someone work with a calculator.

.613 MARS65 V/alking to a math class.

.588 MARS73 Listening to a lecture in a math class.

.575 MARSl8 Scanning your math textbook prior to attending class.

.575 MARS3O Starting to read a new chapter in a math text.

.556 MARS1 l Adding up 1/5 and 213 on paper.
522 MARS36 Signing up for a course in geometry.

note: correlations for marker variables are in bold tvoe.

Viewing the items comprising factor two of the MARS, a core theme is readily apparent.

Almost all of the items loading on the second dimension of the MARS deal with anxiety

over the taking of mathematics courses or the anticipation of being in a mathematics

course. A quick glance at the variables comprising this dimension show anxiety
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involving a number of different aspects of mathematics courses including mathematics

tables, mathematics classes, mathematics textbooks, mathematics formulas, professors of

mathematics, blackboards in mathematics classrooms and calculators. Similar to factor

one, the second dimension consists of anxiety in academic situations. Also, like factor

one, two sub-elements are present under this factor. "solving a mathematics problem

involving fractions" is indicative of anxiety over problem-solving. As well, being made

anxious by "Adding up 1i5 and 213 on paper" is characteristic of arxiety over the

performance of mathematics. It is reasonable to have these items load on this factor.

That is to say, it makes sense to have some problem-solving and performance sub-

elements within a factor consisting of mostly course-related elements. The second

dimension of the MARS is clearly Møthematics Course Anxíety.ro

Factor three of the MARS has an eigenvalue of 3.51 and explained variance of

4.4. Although these figures are statistically less significant than the first two factors,

substantively, the resulting factor is quite theoretically meaningful. The reasoning behind

performing the present factor analysis is to identify the anxiety dimensions. The third

dimension of the MARS is theoretically meaningful and is therefore significant to the

present discussion. The factor loadings and variables coffesponding to factor three are in

table 3 below.

l0 It is important to note that Mathematics Course Anxiety should not be confirsed with General Evaluation
Anxiety which involves elements of test-taking and assignment completion. While some authors (Rounds
and Hendel 1980; McAuliffe and Trueblood 1986) have identif,red anxiety over mathematics courses as
being a sub-componenf of Evaluation/Test Awiefl, the present study finds Mqthematics Course Anxietv to
exist as a unique dimension.
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Table 3. Salient Loadings, Variable Names and Cotesponding ltems Comprising
Factor 3 of the MARSfor Both Females and Males.

Factor Three

Factor Variable
Loading Name

Item
Statement

.770 MARS74 Figuring out your monthly budget.

.744 MARS37 Checking over your monthly bank statement.

.728 MARS54 Working out a concrete, everyday application of mathematics
that has meaning to you, eg., figuring out how much you can
spend on recreational activities after paying other bills.

.690 MARSI Deciding how much change you should get back from buying
several items.

.679 MARSB Adding up a bill for a meal when you think you have been over-
charged.

.664 MARS42 Figuring out the G.S.T. for something you might purchase.

.648 MARS53 Deciding which courses to take in order to come out with enough
credit hours for graduation.

.626 MARS5 Figuring out a simple percentage, like the sales tax on something
you buy.

.623 MARS6 Listening to a person explain how your share of the expenses on
a trip was figured out (including meals, housing, etc.).

.620 MARS39 Having someone explain bank interest rates while describing
savmgs accounts.

.620 MARS55 Working on a math problem which seems less important in your
life, such as "If x:outstanding bills, and y{otal income,
calculate how much is left for recreational purposes.

.609 MARS9 Telling the cashier that you think the bill for the meal was wrong
and watching the cashier add up the bill again.

.600 MARS28 Preparing a statement of annual earnings and expenses.

.585 MARS15 Figuring out your grade point average (G.P.A.) for the previous
teffn.

.566 MARS5O Studying for a driver's license test and memorizing the figures
involved, such as the distances it takes to stop a car going at
different speeds.

.544 MARST Having to figure out how much it will cost to buy a product on
credit (including interest charges).

.503 MARS49 Being asked by a friend to answer the question: "How long will
it take to get to the shopping mall if I drive 50 kms./hour?"
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.502 MARSi6 Being asked to guess how many people have attended a large
gathering.

note: correlations for marker variables are in bold type.

The items which have their highest loadings on the third factor of the MARS all have a

common thread. Clearly, each item involves the everyday application of mathematics

such as "Figuring out your monthly budget" and "'Working out a concrete, everyday

application of mathematics that has meaning to you...". Factor three of the MARS is thus

labeled Everyday Application Anxiety.

In comparing the results of the present factor analysis with the hypothesized

factors based on previous research, a number of observations can be made. First, it was

hypothesized that a three factor solution would result from a factor analysis of the data

because the traditional procedure has been to end the analysis of the MARS at two or

three factors. This hypothesis is supported in the present study. Based upon an

inspection ofthe eigenvalues, percent ofexplained variance, the scree test and theoretical

meaningfulness, a three factor model was selected to represent the underlying

dimensionality of the MARS for the study group. As well, the first hypothesized factor

did indeed result in the present factor analysis of the MARS. Analogous to several other

studies, the present analysis found the first dimension of the MARS to be an evaluative

factor emphasizing anxiety over mathematics tests. However, the second hypothesized

factor, Numerical Anxiety, is not the second factor of the MARS in the present analysis.

Recalling that Numerical Anxiety refers to anxiety associated with everyday situations

involving number manipulation, it is clear that the second factor to result from the current

analysis is quite different. Rather, anxiety associated with mathematics coursework, such

as "Watching someone work with math tables" and "Walking into a math class",

represents the core theme of the second dimension in the current analysis, Mathematics

Course Anxiety. However, the second hypothesized factor and the third obtained factor
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are not wholly incompatible. That is, Numerical Araiety is very similar to the third factor

in the present analysis which is a more general dimension involving anxiety associated

with the everyday use of mathematics, labeled Everyday Application Anxiety. The third

factors, hypothesized vs. obtained, are different. While the Everyday Application Anxiety

dimension is the third obtained factor, Problem-Solving Anxief.,is the third hypothesized

factor. Problem-Solving Anxiety refers to anxiety suffered in situations where

mathematics problems are being solved such as fractions or word problems. The third

dimension of the MARS obtained from the factor analysis in the present study involves

anxiety over the use of mathematics in everyday situations. Overall, then, only one of the

three hypothesized factors resulted from an analysis of the general dimensionality of the

MARS in the present study. Components of the second and third hypothesized factors

are present in data for this study, but the obtained factor loadings are not similar enough

to the hypothesized factors to allow the conclusion that the dimensions are replicated.

In general, though, looking at each of the factor solutions from previously

conducted studies shows that definite similarities exist between the mathematics anxiety

experienced by the sample of university students in the present study and the samples

used by other studies. Similar to many other studies, Evaluation Anxiety is the first and

most important factor of the MARS. As well, in some form or another, the majority of

previous studies have a dimension involving anxiety over everyday applications of

mathematics as does the factor solution in the present study. However, the analysis of

Brandon University students identifies a more unique dimension of the MARS called

Mathematics Course Araiety. Course related elements have been identified previously

(Rounds and Hendel 1980; McAuliffe and Trueblood 1986) as being a component of the

Evaluation dimension. However, for the analysis in the present study, these elements

combined to form their own dimension. It would appear that anxiety over taking

mathematics courses is an important dimension of the MARS for the sampled university

students.

6l



DIMENSIONALITY OF THE MARS FOR FEMALES AND MALES

The objectives of the remaining factor analyses are different from the general

factor analysis for females and males as one group. Previous studies concerning the

dimensionality of the MARS have typically investigated females and males taken

together. It is the contention of the present study, however, that the combined analysis of

females and males camouflages distinctive dimensional differences between them. The

following factor analyses will use a different methodology to arrive at a better

understanding of differences between females and males in terms of mathematics anxiety.

That is, females and males will be factor analyzed as separate groups to identi$

dimensions unique to each gender. By performing such novel analyses, our

understanding of the meaning of mathematics anxiety for females and males is much

more precisely understood. Acquiring this greater understanding enables a more accurate

analysis of the relationship of mathematics anxiety to the independent variables in the

study. The following factor analyses, then, are central to the present study. Table 4

below contains the eigenvalues and percent of explained variance for females and males,

respectively.ll A few observations can be made in comparing the factor solutions for

females and males. First, it can be noted that the variance is spread over six factors for

females and eight factors for males. More of the explained variance is thus concentrated

in fewer factors for females than for males. Second, more than for other factors, the first

factors for females and males represent different amounts of explained variance. That is,

factor one explains 5.4%o more variance for females than males. Based on these

observations, it can be inferred that females are more homogeneous than males in terms

ofthe anxiety they experience.

I I For the purposes of exploring the dimensionality of the MARS for females and males, it was necessary
to use some criteria to decide the number of factors present for each gender. One of the criteria utilized
was to specify a cut-off eigenvalue of two in each analysis. A default eigenvalue of one was not used
because it included over a dozen fringe factors for both females and maies.
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Table 4. Eigenvalue and Percent of Explained Variance in the Factor Solutions of the
MARSfor Females and Males.

FEMALES MALES

Factor Eigenvalue 0/o of Var. Eigenvalue o/o of Var.
| 30.2
-r naL I.J

3 3.8
4 3.5
5 2.5
6 2.0

an1Jt.t
9.1

4.8

4.4
3.1

2.5

25.9
7.4
4.3

3.4
2.9
2.7
)4
2.2

a^a
J Z.J

9.2
5.4
4.3
3.7

3.4
3.0
2.7

note: the cumulative % of explained variance for females is 6I.7 and 64 for males.

It is important to mention that, due to their exploratory nature, the separate dimensional

analyses for females and males include several fringe factors.l2 Despite the use of the

scree test, Cattell (1966) submits that a "true" number of factors to extract does not exist.

Rather, it is the purpose of the research which determines how many factors should be

extracted. The general factor analysis for females and males as one group is a

confirmatory factor analysis. In that analysis, the statistical criteria, such as explained

variance, did not indicate that an analysis of more than three factors was warranted. This,

combined with the research purpose of comparing the results to previous studies which

typically extracted two or three factors from the MARS, led to the selection of a three

factor solution. On the other hand, the purpose of the exploratory factor analyses for the

sub-groups of females and males is quite different. The purpose behind these analyses is

12 A statistical reason for the inclusion of the fringe factors was also present. That is, it was necessary to
include the fringe factors to maximally reproduce the original correlation matrix. Including the fringe
factors, 29Yo of the residuals are significant for females and 32Yo of the residuals are significant for males.
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to investigate the distinct dimensional differences between the mathematics anxiety

experienced by the sampled females and males via exploring and comparing the

meanings of dimensions unique to each group. Hence, it is justified in the present

analyses to extract and discuss a number of theoretically relevant fringe factors in the

exploration of distinct dimensional differences between females and males.

Dimensions of the MARS for Females

The factor loadings and corresponding variables of factor one for females are

presented below in table 5.

Table 5. Salient Loadings, Variable Names and Coruesponding ltems Comprising
Factor I of the MARSfor Females.

Factor One For Females

Factor Variable
Loadins Name

Item
Statement

.755 MARS61 Thinking about an upcoming math test one hour before it begins.

.741 MARS60 Thinking about an upcoming math test one day in advance.

.733 MARS62 Thinking about an upcoming math test five minutes before it
begins.

.733 MARS29 Studying for a math test.

.707 MARS45 Taking aquizoratestinamath course.

.707 MARS46 Taking a final examination in a math course.

.695 MARS59 Thinking about an upcoming math test one week in advance.

.688 MARS58 Being given a homework assignment involving many math
problems, which is due the next class.

.672 MARS72 Getting ready to study for a math test.

.631 MARS64 Waiting to get a math test returned on which you expect to do
poorly.

.596 MARS68 Being called upon to answer a question in a math class on a topic
you do not fully understand.

.589 MARS69 Not knowing the formula needed to solve a particular teslexam
problem.

.568 MARS57 Picking up your textbook to begin working on a homework
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.564

.546

.543

.s38

.522

.s11

MARS3l
MARS78

MARSTO
MARS66

MARS7l

MARS38

asslgnment.
Thinking about beginning a math assignment.
Asking your math instructor to help you with a problem that you
do not understand.
Waiting for your final math grade at the end of the term.
Realizing that you have to take a certain number of math
courses to meet the graduation requirements.
Opening a math or statistics text and seeing a full page of
problems.
Taking the math section of a standardizedtest, like an
achievement or admissions test.

note: correlations for marker variables are in bold type.

In analyzing the items comprising factor one of the MARS for females, a definite core

theme becomes apparent. That is, it is evident that the highest loading items encompass

academic situations pertaining to mathematics tests. Indeed, looking at those variables

with the highest correlations on factor one, it is apparent that many of the statements

corresponding with those correlations directly apply to anxiety involving either the

anticipation, or actual writing, of mathematics tests. Anxiety over mathematics tests is

clearly a very important component of factor one for females. Further inspection of the

remaining loadings and items shows the existence an evaluative dimension. Items such

as "Waiting for your final math grade at the end of the term" are indicative of anxiety

over being evaluated on one's mathematical work. Previous researchers (Brush 1978;

Resnick et al. 1982) have recognized the connection between these two anxieties. Based

on factor one for the present study, it is clear that the majority of the items, and all of the

items with high loadings, clearly are concerned with anxiety over mathematics tests.

Thus, it appears as though factor one for the subgroup of females represents what can be

termed Generøl Evaluation Anxíety with a strong emphasis on test related evaluation. It

should be added that sub-elements of anxiety over being in a mathematics course are

present among some of the lower loadings on this factor. Certainly, anxiousness over

being evaluated and anxiousness over being in a mathematics course should be related.
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The items of the MARS which have their highest factor loadings on the second

dimension for females are presented in table 2.

Table 6. Salient Loadings, Variable Names and Corcesponding ltems Comprising
Factor 2 of the MARSfor Females.

tr'actor Two for Females

Factor Variable
Loadins Name

Item
Statement

.780 MARSl9 Watching someone work with math tables.

.745 MARS22 Listening to another student explain a math formula.

.733 MARS26 Looking through the pages of a math text.

.689 MARS34 Sitting in a math class and waiting for the professor to begin.

.687 MARS2O V/atching a professor work out an algebra problem on the
blackboard.

.685 MARS2l Signing up for a math course.

.681 MARS23 Walking into a math class.

.667 MARS18 Scanning your math textbook prior to attending class.

.660 MARS33 Reading the word "statistics" or "mathematics".

.637 MARS73 Listening to a lecture in a math class.

.612 MARS25 Watching someone work with a calculator.

.596 MARS3O Starting to read a new chapter in a math text.

.554 MARS65 Walking to a math class.

.528 MARS67 Picking up a math textbook to begin a difficult reading
assrgnment.

.500 MARS35 Solving a mathematics problem involving fractions.

note: correlations for marker variables are in bold tvoe.

From viewing the content of those statements which load most highly on factor two for

females, it is clear that this factor involves anxiety over the taking of mathematics courses

or the anticipation of being in mathematics courses. An inspection of the items

comprising this factor evince anxiety over a number of different aspects of mathematics

courses including mathematics tables, mathematics formulas, mathematics textbooks.
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professors of mathematics, blackboards in mathematics classrooms and calculators. All

but one of the items concern mathematics courses. The lowest loading item involves the

solving of mathematics problems. Hence, a sub-element of anxiety over the solving of

mathematics problems is present under this factor. It seems very clear, then, that the

second dimension of mathematics anxiety for females can be termed Møthematics

Coarse Anxiefii.

The items comprising factor three of the MARS for females are in table 7 below.

Table 7. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 3 of the MARSfor Females.

Factor Three for Females

Factor Variable
Loading Name

Item
Statement

.801 MARS74 Figuring out your monthly budget.

.792 MARS54 Working out a concrete, everyday application of mathematics
that has meaning to you, eg., figuring out how much you can
spend on recreational activities after paying other bills.

.77I MARS53 Deciding which courses to take in order to come out with enough
credit hours for graduation.

.696 MARS37 Checking over your monthly bank statement.

.684 MARS55 Working on a math problem which seems less important in your
life, such as "If x:outstanding bill,:s, and y:total income,
calculate how much is left for recreational purposes.

.662 MARSS Adding up a bill for a meal when you think you have been over-
charged.

.645 MARS5O Studying for a driver's license test and memorizing the figures
involved, such as the distances it takes to stop a car going at
different speeds.

.636 MARSl Deciding how much change you should get back from buying
several items.

.613 MARS6 Listening to a person explain how your share of the expenses on
a trip was figured out (including meals, housing, etc.).

.607 MARS42 Figuring out the G.s.T. for something you might purchase.

.562 MARS16 Being asked to guess how many people have attended a large
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.ss6

.542

.52r

.519

.5t9

.5t4

MARS52

MARS5

MARSl5

MARS28
MARST

MARS9

gathering.
Juggling class times around at registration to determine the best
schedule.
Figuring out a simple percentage, like the sales tax on something
you buy.
Figuring out your grade point average (G.P.A.) for the previous
term.
Preparing a statement of annual eamings and expenses.
Having to figure out how much it will cost to buy a product on
credit (including interest charges).
Telling the cashier that you think the bill for the meal was wrong
and watching the cashier add up the bill again.

note: correlations for marker variables are in bold type.

Those statements which have the highest factor loadings on factor three for females

reveal that all but one involve everydaylnon-academic situations in which mathematics is

being used. The statements "Figuring out your monthly budget" and "Working out a

concrete, everyday application of mathematics that has meaning to you..." seem to be

marker variables for factor three. Note that these statements involve anxiety associated

with doing mathematics in a real life context. The one exception is an item (MARS55)

which involves problem-solving. However, the context of this item is clearly non-

academic. Perhaps this explains its inclusion under the present factor. Within each of the

variables that correlate most highly with factor three, then, the underlying factor seems to

encompass the general application of mathematics to everyday tasks. Therefore, factor

three for females is named Everyday Applicøtion Anxiety.

Table 8 contains the variables which loaded most highly on factor four of the

MARS for females.
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Table 8. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 4 of the MARSfor Females.

Factor Four for Females

Factor Va¡iable
Loading Name

Item
Statement

.749 MARS75

.608 MARS51

.566 MARS77

.547 MARS43

.530 MARS4O

Being asked to explain how you arrived at a particular answer to
a problem.
Having a friend teach you how to do a math problem and finding
that you cannot understand what is being said.
Interpreting probability statements.
Reading a formula in chemistry.
Raising your hand in a math class to ask a question about
something you do not understand.

note: correlations for marker variables are in bold type.

As is readily observable from a quick glance at the table, the fourth dimension of

mathematics anxiety for females contains fewer variables than those preceding it. This is

reflective of the factthatthis dimension, andthose remaining, are fringe factors that do

not explain as much of the variance in mathematics anxiety as the earlier factors.

However, an inspection of the items under this factor clearly show the presence of a

distinct dimension. Viewing all of those statements which had their highest factor

loadings fall on factor four, it is evident that they all involve anxiety over a lack of

understanding in academic situations. Further, this anxiety over understanding is not

limited to mathematics as one of the items refers to chemistry. Factor four of the MARS

for females is labeled Comprehension Anxiety.

The items which had their highest loadings on factor five of the MARS for

females are in table 9 below.
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Table 9. Salient Loadings, Variable Names and Coruesponding ltems Comprising
Factor 5 of the MARSfor Females.

Factor Five for Females

Factor Variable
Loading Name

Item
Statement

.630 MARS14 Solving a problem such as: If x:I2, andy: ,then what is the
ratio of x to y?

.619 MARS13 Solving aproblem such as: Ifx:l1, and y:3, then what is ></y

expressed as a decimal?
.531 MARS56 Being given a set of algebra problems to solve.
.524 MARSl2 Doing a word problem in algebra.

note: correlations for marker variables are in bold type.

The common content of those statements which had their highest factor loadings fall

under factor five for females clearly involves solving problems in mathematics. Hence,

the fifth dimension of the MARS for females is termed Møthematics Problem-solving

Anxiety.

Variables loading under the final factor of the MARS for females are displayed in

table 10 below.

Table 10. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 6 of the MARSfor Females.

Factor Six for Females

Factor Variable
Loadins Name

Item
Statement

.786 MARS2 Having someone watch you as you add up a column of numbers.

.772 MARS4 Being asked to add up 976 + 777 in your head.

.761 MARS3 Having someone watch you as you divide a five digit number by a
two disit number.

note: correlations for marker variables are in bold type.

70



Looking at the three items comprising factor six for females, it is evident that they

involve anxiety experienced from being observed while conducting mathematical

manipulations. The final factor of mathematics anxiety for females, then, refers to what

can be termed Observøtion Anxietv.

Dimensionality of the MARS for Males

The factor loadings and corresponding variables of factor one for males are

presented below in table 11.

Table ll. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor I of the MARSþr Males.

Factor One for Males

Factor Variable
Loading Name

Item
Statement

.784 MARS33 Reading the word "statistics" or "mathematics".

.759 MARS26 Looking through the pages of a math text.

.746 MARS34 Sitting in a math class and waiting for the professor to begin.

.691 MARS23 Walking into a math class.

.658 MARS73 Listening to a lecture in a math class.

.633 MARS65 Walking to a math class.

.631 MARS3O Starting to read a ne\il chapter in a math text.

.622 MARS19 V/atching someone work with math tables.

.607 MARS2O Watching a professor work out an algebra problem on the
blackboard.

.578 MARSl8 Scanning your math textbook prior to attending class.

.574 MARS57 Picking up your textbook to begin working on a homework
asslgnment.

.567 MARS35 Solving a mathematics problem involving fractions.

.556 MARS36 Signing up for a course in geometry.

.553 MARS22 Listening to another student explain a math formula.

.544 MARS21 Signing up for a math course.
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.528 MARS59 Thinking about an upcoming math test one week in advance.

note: correlations for marker variables are in bold type.

In arølyzing the items comprising factor one of the MARS for males, similar to factor

one for females, a core theme is readily apparent. However, the items representing the

most important factor of mathematics anxiety for males are very different than those for

females. It is evident that the highest loading items, and in fact, almost all of the items,

refer to academic situations containing course-related elements. An inspection of the

variables comprising this dimension show anxiety involving a number of different aspects

of mathematics courses including mathematics textbooks, professors of mathematics,

mathematics classes, mathematics tables and blackboards in mathematics classrooms.

One lone item, and the one with the lowest factor loading, represents the anticipation of

mathematics tests. Hence, factor one of the MARS for males principally encompasses

anxiety associated with mathematics courses with a sub-element of anxiety over the

anticipation of mathematics tests. The first dimension of mathematics anxiety for males,

then, refers to anxiety over the taking of mathematics courses or the anticipation of being

in mathematics courses and can be labeled Møthematics Course Anxiety. It is interesting

to note that while mathematics course elements have been found to exist within

Evaluation/Test Anxiety (Rounds and Hendel 1980; McAuliffe and Trueblood 1986),

these elements are found to exist as a very important separate factor explaining 32.3%o of

the variance for males in the present analysis.

Table 12 below contains the factor loadings and corresponding items which make-

up factor two of the MARS for males.
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Table 12. Salient Loadings, Variable Names and Corresponding Items Comprising
Factor 2 of the MARSþr Males.

Factor Two for Males

Factor Variable
Loading Name

Item
Statement

.816 MARS69 Not knowing the formula needed to solve a particular test/exam
problem.

.782 MARS61 Thinking about an upcoming math test one hour before it begins.

.743 MARS46 Taking a final examination in a math course.

.721 MARS45 Taking aquiz or test in a math courso.

.691 MARS62 Thinking about an upcoming math test five minutes before it
begins.

.683 MARS3l Thinking about beginning a math assignment.

.656 MARS67 Picking up a math textbook to begin a difficult reading
asslgnment.

.649 MARS60 Thinking about an upcoming math test one day in advance.

.632 MARS71 Opening a math or statistics text and seeing a full page of
problems.

.626 MARS68 Being called upon to answer a question in a math class on a topic
you do not fully understand.

.592 MARS64 Waiting to get a math test returned on which you expect to do
poorly.

.578 MARS72 Getting ready to study for a math test.

.575 MARS29 Studying for a math test.

.56I MARS77 Interpreting probability statements.

.537 MARS58 Being given a homework assignment involving many math
problems, which is due the next class.

note: correlations for marker variables are in bold type.

Based upon an inspection of the items comprising factor two of the MARS for males, it

appears as though this factor encompasses anxiety over being evaluated. Similar to the

general factor analysis and the analysis for females, the evaluation factor for males

emphasizes anxiety over mathematics tests. As well, in the same fashion as that for

factor one of the general factor analysis, this evaluation factor for males contains sub-

elements of anxiety over being in a mathematics course ("Picking up a math textbook to
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begin a difficult reading assignment") and anxiety over one's comprehension of

mathematics (Being called upon to answer a question in a math class on a topic you do

not fully understand). Overall, though, this factor is an evaluative factor emphasizing

anxiety concerned with mathematics tests and is thus named General Evaluøtion

Anxiety.

Factor loadings and corresponding items which comprise factor three of the

MARS for males are presented below in table 13.

Table 13. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 3 of the MARSfor Males.

Factor Three for Males

Factor Variable
Loading Name

Item
Statement

.723 MARS39 Having someone explain bank interest rates while describing
savmgs accounts.

.718 MARS74 Figuring out your monthly budget.

.658 MARS53 Deciding which courses to take in order to come out with enough
credit hours for graduation.

.609 MARS37 Checking over yorr monthly bank statement.

.584 MARS63 V/aiting to get a math test returned on which you expect to do
well.

.569 MARS75 Interpreting a computer output.

.568 MARS76 Having to use the tables in the back of your math text to solve a
problem.

.558 MARS42 Figuring out the G.S.T. for something you might purchase.

.558 MARS54 Working out a concrete, everyday application of mathematics
that has meaning to you, eg., figuring out how much you can
spend on recreational activities after paying other bills.

.527 MARS28 Preparing a statement of annual earnings and expenses.

.507 MARS47 Hearing two of your friends talking about the best way to figure
out a mathematics problem.

.506 MARSl Deciding how much change you should get back from buying
several items.

74



.500 MARS52 Juggling class times around at registration to determine the best
schedule.

note: correlations for marker variables are in bold type.

Viewing the collection of variables that have their highest loadings on factor three of the

MARS for males it is clear that, similar to females, this factor represents anxiety

concemed with using mathematics in everyday life. Hence, this dimension is termed

Every day App lication Anxiety.

Table 14 below contains factor loadings and variables present under factor four of

the MARS for males.

Table 14. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 4 of the MARSfor Males.

Factor Four for Males

Factor Variable
Loading Name

Item
Statement

.740 MARSS Adding up a bill for a meal when you think you have been over-
charged.

.719 MARS15 Figuring out your grade point average (G.P.A.) for the previous
terTn.

.696 MARS9 Telling the cashier that you think the bill for the meal was wrong
and watching the cashier add up the bill again.

.675 MARS6 Listening to a person explain how your share of the expenses on
a trip was figured out (including meals, housing, etc.).

note: correlations for marker variables are in bold type.

The items comprising the fourth factor of the MARS for males combine to create a

unique dimension of anxiety over everyday applications of mathematics. While each of

the items in table 14 encompass anxiety over everyday applications of mathematics, three
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of the four variables are specifically concerned with one's competence in everyday

applications of mathematics. Thus, the fourth dimension of mathematics anxiety for

males is labeled Everyday Competence Anxíety.

Loadings and associated variables underlying the fourth dimension of

mathematics anxiety for males are in table 15 below.

Table 15. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 5 of the MARSfor Males.

Factor Five for Males

Factor Variable
Loading Name

Item
Statement

.69s

.651

.597

.561

MARSlO
MARS4O

MARS38

MARSSO

Being treasurer for a club.
Raising your hand in a math class to ask a question about
something you do not understand.
Taking the math section of a standardized test, like an
achievement or admissions test.
Presenting the results ofa survey or poll.

note: correlations for marker variables are in bold tvpe.

Finding the common thread in the items comprising factor five of the MARS for males is

somewhat more difficult than in any of the other factors for males. However, careful

examination of the items shows the presence of a distinctive social element within each

variable. The item "Being treasurer for a club" implies the need to use mathematics, to

balance budgets etc., with a great deal of social responsibility. "Raising your hand in a

math class to ask a question about something you do not understand" is a comprehension

element yet it unmistakably contains a component of group evaluation. Likewise, the

item involving "Taking the math section of a standardized test, like an achievement or
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admissions test" encompasses group evaluation to the extent that the person taking the

test will be compared to a large group of others in terms of their mathematical skills.

Finally the item entailing "Presenting the results of a survey or poll" implies social

responsibility. That is to say, presenting the results of a survey or poll presupposes a lot

of social responsibility since those results not only represent a social collectivity but they

will be used by others to analyze and discuss that collectivity. Hence, this item appeaïs

to involve arxiety over being socially responsible and accountable in mathematics and is

labeled Social Responsibility Anxiety. It is interesting to note that this factor resembles

that found by Resnick et al. (1982) which they termed Social Responsibility Anxiety.

However, the interpretations of the two factors should not be taken as one. Resnick et al.

make more of a specific reference to social responsibility in organizations and clubs. The

factor being discussed in the present study is more general in that it encompasses social

responsibility/accountability in settings and instances including and beyond organizations

and clubs.

Table 16 below contains the factor loadings and corresponding variables for factor

6 of the MARS for males.

Table 16. Salient Loadings, Variøble Names and Corresponding ltems Comprising
Factor 6 of the MARSfor Males.

Factor Six for Males

Factor Variable
Loading Name

Item
Statement

.597

.568

.s64

MARST

MARS44

Having to figure out how much it will cost to buy a product on
credit (including interest charges).
Listening to a lecture in a social science class where the teacher
is commenting on some figures, like the percentage of each
socioeconomic group voting Liberal.
Being asked by a friend to answer the question: "How long willMARS49
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it take to get to the shopping mall if I drive 50 kms./hour?"
.56I MARS55 WorHng on a math problem which seems less important in your

life, such as "If x:outstanding bills, and y={otal income,
calculate how much is left for recreational purposes.

note: correlations for marker variables are in bold type.

Salient items comprising factor six of the MARS for males show that this factor is

another everyday dimension. Each of the items involves using mathematics to solve

problems that have to do with everyday situations. That is, each of the items are set in

the context of applied examples involving everyday situations. The sixth dimension of

the MARS for males is thus labeled Everydøy Problem-Solving Anxíety.

Factor loadings and items comprising factor 7 of the MARS for males are

presented in table 17 below.

Table 17. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 7 of the MARSfor Males.

Factor Seven for Males

Factor Variable
Loading Name

Item
Statement

.716 MARSl3 Solving aproblem such as: Ifx:l1, and y:3, then what is x/y
expressed as a decimal?

.700 MARSl1 Adding up 115 +213 on paper.

.645 MARSl4 Solving a problem such as: If x:72, andy:4, then what is the
ratio of x to y?

.503 MARS48 Having someone ask you to recheck the numbers in a simple
calculation. such as division or addition.

note: correlations for marker variables are in bold type.

Viewing the items comprising factor seven for males, it is clear that all of the items

involve manipulations using mathematics that are purely academic in their context. More
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specifically, the first and third highest loadings concem problem-solving. The second

and fourth highest loading items are not expressly problem-solving but are more

generally concemed with performance. Overall, though, the interpretation of the factor

involves anxiety associated with using mathematics to solve problems that do not involve

everyday situations. Hence, factor seven of the MARS for males is termed Academic

Pro b lem-S o lving Anxiety .

Finally, items and corresponding factor loadings comprising the eighth dimension

of the MARS for males is in table 18 below.

Table 18. Salient Loadings, Variable Names and Conesponding ltems Comprising
Factor I of the MARSfor Males.

Factor Eight for Males

Factor Variable
Loadins Name

Item
Statement

.794

.690

.6s3

.571

MARS3

MARS2
MARS4
MARS5

Having someone watch you as you divide a five digit number by
a two digit number.
Having someone watch you as you add up a column of numbers.
Being asked to add up 976 + 777 in your head.

Figuring out a simple percentage, like the sales tax on something
vou buv.

note: correlations for marker variables are in bold type.

From an inspection of the items comprising the final factor of the MARS for males, it is

evident that this factor is similar to the final factor of the MARS for females. The two

items with the highest factor loadings clearly refer to anxiety associated with being

observed while using mathematics. The third item is one which often loads on a

performance factor. It is reasonable to argue that this item loads on the present factor
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because it involves being asked by someone else to perform a mathematical

manipulation. Implicit in this item is the notion that the person who asked that the

calculation be performed is observing the individual while performing the calculation.

As well, the final item loading most highly on this factor provides a sub-element of the

everyday dimension. Hence, the final dimension of the MARS for males consists of

anxiety over being observed while performing mathematical manipulations with a sub-

element of anxiety over everyday applications of mathematics. Therefore, this dimension

is labeled Observution Anxiety.

In comparing the results of the separate factor analyses for females and males, it is

clear that the two analyses differ both in terms of emphasis and interpretation.

Table 19. Comparative Table of Factors Resulting From Separate Exploratory Analyses
of the MARS for Females and Males.

Factor FEMALES MALES

General Evaluation Anxiety
Mathematics Course Arxiety
Everyday Application Anxiety
Comprehension Anxiety
Mathematics Problem-Solving Anxiety
Observation Anxiety

Mathematics Course Anxiety
General Evaluation Anxiety
Everyday Application Anxiety
Everyday Competence Anxiety
S ocial Responsibility Anxiety
Everyday Problem-Solving Anxiety
Academic Problem-Solving Anxiety
Observation Anxiety

Looking at the comparative table of dimensions which emerged from separate factor

analyses of the MARS for females and males it is evident that the factor which explains

the most variance, factor one, clearly differs for females and males. The most important

dimension of mathematics anxiety for females is an evaluative factor focusing

specifically on anxiety associated with mathematics tests. On the other hand, for males
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the most important dimension of the MARS involves anxiety suffered from being in a

mathematics course. Moreover, the first and second dimensions are reversed for females

and males. Hence, the two most important factors for females and males are very similar

yet their order of importance is reversed. This is especially significant given the large

difference in explained variance between factors one and two for both females and males.

For each of these groups, factor three involves anxiety experienced over the application

of mathematics in everyday situations. For both the female and male university students

sampled, then, anxiety suffered in academic situations comprises more of the meaning of

the anxiety which they experience. That is to say, for both females and males factors one

and two, the most important factors in terms of explained variance) ate dimensions

encompassing anxiety in academic situations. Factors four for females and males are

different yet there is a similarity between the two. Females indicate anxiousness over

their comprehension of mathematics. Males indicate anxiety over their competence in

mathematics, but more specif,rcally than for females, this anxiety is restricted to everyday

situations. Factor five for females encompasses anxiety over solving problems in

mathematics. Males are also dimensionally represented in terms of problem-solving

anxiety. However, for males, this problem solving anxiety split into everyday (factor 6)

and academic (factor 7) dimensions. Indeed, it is interesting to note that the dimension

involving everyday situations which elicit mathematics anxiety loaded on one factor for

females. However, this dimension divided and spread into at least three different factors

for males. Factor five for males is somewhat of a unique factor indicating anxiety over

social responsibility/accountability in mathematics. Perhaps this dimension is present for

males because of their feeling that they will be applying their abilities in mathematics to

important tasks. Finally, for both females and males, the last dimension of the MARS is

Observation Anxiety. A component of the mathematics anxiety experienced by both

females and males seems to be anxiety over being observed while performing

mathematical manipulations.
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Based on the results of the separate factor analyses of the MARS for females and

males, then, it can be inferred that distinctive dimensional differences do exist in

experiences of mathematics anxiety for female and male Brandon University students.

Therefore, at least for the sampled university students, mathematics anxiety appears to

have divergent meanings depending upon whether one is female or male.

DIMENSIONALITY OF ATTITUDES TOWARD MATHEMATICS FOR FEMALES

AND MALES

Initially, factor analyses of attitudes toward mathematics for females and males

were run with a default eigenvalue of one. The factor loadings for each of the factors that

resulted were then inspected for their theoretical meaningfulness. For both females and

males, the fourth factor and beyond of attitudes toward mathematics did not provide

theoretically meaningful dimensions. Similar to the factor analyses of the MARS, since

the purpose of the analysis is to determine the distinct attitudinal dimensions for females

and males, the decision was made to retain the first three factors for both females and

males. That is, although the explained variance for the third factor and beyond are

somewhat low, the third factor for both females and males are theoretically meaningful

and are therefore retained. Table 20 below contains the respective eigenvalues and

percent of explained variance for each factor of attitudes toward mathematics for both

females and males.
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Table 20. Eigenvalue and Percent of Explained Variance in the Factor Solutions of
Attitudes Toward Mathematics for Females and Males.

FEMALES MALES

Factor Eigenvalue o% of Var. Eigenvalue oá of Var.

1

2
a
J

6.9
3.1

1.3

32.9
14.5

6.1

6.8
2.9
t.9

32.1

t3.9
9.0

note: the cumulative % of explained variance for females is 53.5 and 55 for males.

As can be observed by viewing table 20, the eigenvalues and percent of explained

variance for females' and males' attitudes toward mathematics are very similar. The f,rrst

two factors are slightly more important for females than males while the third factor is

somewhat more important for males than females.

Dimensions of Attitudes Toward Mathematics for Females

Table 21 below contains the items which load most highly on factor one of

attitudes toward mathematics for females.

Table 21. Salient Loadings, Variable Names and Conesponding ltems Comprising
Factor I of Auitudes Toward Mathematics for Females.

Factor One for Females

Factor Variable
Loading Name

Item
Statement

.898 Att097 Mathematics makes me feel uneasy and confused.

.898 Attl01 Mathematics makes me feel uncomfortable and nervous.

.774 Att099 I have never liked mathematics and it is my most dreaded subject.

.7T7 Attl l6 I have trouble with some of the terms and symbols in mathematics.

.642 Att096 Mathematics is enjoyable and stimulating to me.
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.632

.614

.559

.427

4n098

4n115

4n103
4n100

I am interested and willing to use mathematics outside school and

on the job.
I would rather memorize a list of thinss than trv to solve a
problem.
I like mathematics because there is always a correct answer.
I would like to develop my mathematical skills and study this
subject more.

note: correlations for marker variables are in bold type.

Viewing all of those statements which have their highest loadings on factor one, it is

evident that they all involve enjoyment of mathematics. Statements like "Mathematics

makes me feel uneasy and confused", "Mathematics makes me feel uncomfortable and

nervous" and "I have never liked mathematics and it is my most dreaded subject" clearly

are indicative of enjoyment, or to be more precise, a lack thereof regarding mathematics.

As well, this factor includes enjoyment both in academic and practical situations as

evidenced by the inclusion of the statement which reads "I am interested and willing to

use mathematics outside school and on the job". The first dimension of attitudes toward

mathematics for females, then, is a generic enjoyment factor and is thus named

Mathematics Enj oyment.

The factor loadings and corresponding variables underlying factor two of attitudes

toward mathematics for females are presented below intable 22.

Table 22. Salient Loadings, Variable Names and Coruesponding ltems Comprising
Factor 2 of Attitudes Toward Mathematics for Females.

F actor Two for Females

Factor Variable
Loadins Name

Item
Statement

.752
^fil12

84

Mathematics is an increasingly vital tool for survival in a
technolo gical society.



.670

.643

.s96

.575

.539

.534

.502

.496

4n106

4n109
4n108

4n113

Anl11

4n105
4n104

AITTOT

Mathematics is not important for the advancement of civilization
and society.
Mathematics is needed in everyday life.
Mathematics helps to develop a person's mind and teaches him/her
to think.
Mathematics involves experiments, verification and research which
looks for patterns and connections.
The workforce of the future must be flexible and capable of
lifelong learning.
Mathematics is less important to people than art or literature.
Mathematics has contributed greatly to science and other fields of
knowledge.
All students should be required to take mathematics.

note: correlations for marker variables are in bold type.

Those statements which had their highest factor loadings on factor two for females all

refer to valuation of mathematics. However, the various items represent different types of

valuation. The major themes of valuation appear to involve societal valuation of

mathematics (e.g. "Mathematics is an increasingly vital tool for survival in a

technological society"), valuation of mathematics in everyday life ("Mathematics is

needed in everyday life") and valuation of mathematics for personal development

("Mathematics helps to develop a person's mind and teaches himlher to think). V/ithin

each of the variables that correlate most highly with factor two for females, then, the

underlying factor seems to encompass a general valuation of mathematics. Therefore,

factor two of attitudes toward mathematics for females is labeled General Mathematics

Vøluøtion.

Table 23 below contains factor loadings and corresponding items for the third and

final factor of attitudes toward mathematics for females.
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Table 23. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 3 of Attitudes Toward Mathematics for Females.

X'actor Three for Females

Factor Variable
Loading Name

Item
Statement

.8s1

.682

.67r

Atr095

Atrl10

Attl02

I enjoy going beyond the assigned work and trying to solve new
problems in mathematics.
There is nothing creative about mathematics; it is just memorizing
formulas and procedures.

Mathematics is dull and borins because it leaves no room for
personal opinion.

note: correlations for marker variables are in bold type.

As can be observed from viewing table23, three items load highly on the final factor

representing attitudes toward mathematics for females. A common theme can be

extracted from all three items. Each of these items involve pushing beyond the simple

analytical limits of mathematics. Indeed, the ability of mathematics to allow one to assert

their individuality seems to be the core theme of these variables. Being able to go beyond

the assigned work to solve new problems; to be creative, andl to use one's personal

opinion are all related to asserting one's individuality. Hence, the use of mathematics in

novel, creative and personalized ways seems to be important enough to females to

generate a separate factor. Factor three of attitudes toward mathematics for females is

thus termed Creative Møthemøtics Vøluøtion.

Dimensions of Attitudes Toward Mathematics for Males

Factor loadings and variables which loaded most highly on factor one of attitudes

toward mathematics for males are presented below intable24.
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Table 24. Salient Loadings, Variable Names and Corresponding Items Comprising
Factor I of Attitudes Toward Mathematics for Males.

Factor One for Males

Factor Variable
Loading Name

Item
Statement

.886

.852

.843

.762

.753

.726

.659

.517

.481

4n101
Att}97
4n099
Anl l5

4n116

AfiI02

4n096
4n103
4n110

Mathematics makes me feel uncomfortable and nervous.
Mathematics makes me feel uneasy and confused.
I have never liked mathematics and it is my most dreaded subject.
I would rather memorize a list of things than try to solve a
problem.
I have trouble with some of the terms and problems in
mathematics.
Mathematics is dull and boring because it leaves no room for
personal opinion.
Mathematics is enjoyable and stimulating to me.
I like mathematics because there is always a correct answer.
There is nothing creative about mathematics; it is just memorizing
formulas and procedures.

note: correlations for marker variables are in bold tvoe.

From an inspection of the items which have their highest loadings on factor one of

attitudes toward mathematics for males, it is apparent that the central theme is almost

identical to that for females. The first three items, though in slightly different order, are

the same. Of course, these items indicate a general enjoyment of mathematics. However,

the remaining items on factor one of attitudes toward mathematics for males are

somewhat different than those for females. Two of the three items that comprise factor

three for females are present as a sub-elements under factor one for males. Perhaps this is

indicative of a preference for the analytical side of mathematics for males. Overall,

though the interpretation of the factors is slightly different for females and males, factor

one of attitudes toward mathematics for males is termed Mathemøtics Enjoyment.
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Table 25 below contains the factor loadings and variables which underlie factor

two of attitudes toward mathematics for males.

Table 25. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 2 of Attitudes Toward Mathematics for Males.

Factor Two for Males

Factor Variable
Loading Name

Item
Statement

.737 Att100 I would like to develop my mathematical skills and study this
subject more.

.675 Attl09 Mathematics is needed in everyday life.

.642 Attr}7 All students should be required to take mathematics.

.632 Attl08 Mathematics helps to develop a person's mind and teaches him/her
to think.

.581 Att104 Mathematics has contributed greatly to science and other fields of
knowledge.

.52I Att098 I am interested and willing to use mathematics outside school on
the job.

.449 Attl13 Mathematics involves experiments, verification and research which
looks for patterns and connections.

.339 Att105 Mathematics is less important to people than art or literature.

note: correlations for marker variables are in bold type.

The items loading most highly on factor two of attitudes toward mathematics for males

reveal that this factor is primarily a valuation factor with some elements of enjoyment of

mathematics. While the highest loading item involves enjoyment of mathematics to the

extent that it is a subject which should be studied and developed more, the next three

highest loadings are clearly valuation items. Similar to factor two for females, this factor

for males involves valuation of mathematics on a personal level and in everyday life.

However, unlike females, items involving valuation of mathematics for civilization do
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not have their highest factor loadings on this factor. Despite these differences, this factor

still appears to measure a generic valuation of mathematics and this therefore named

General Mathematics VøIuøtion.

Factor loadings and variables comprising the final factor of attitudes toward

mathematics for males are in table 26 below.

Table 26. Salient Loadings, Variable Names and Corresponding ltems Comprising
Factor 3 of Attitudes Toward Mathematics þr Males.

Factor Three for Males

Factor Variable
Loadins Name

Item
Statement

.800 A11112 Mathematics is an increasingly vital tool for survival in a
technological society.

.772 Attl11 The workforce of the future must be flexible and capable of life
long learning.

.562 Attl06 Mathematics is not important for the advancement of civilization
and society.

.470 Att095 I enjoy going beyond the assigned work and trying to solve new
problems in mathematics.

note: correlations for marker variables are in bold tvoe.

Similar to the final factor of attitudes toward mathematics for females, the third factor for

males consists of fewer variables than the first two factors. However, the interpretation

of this factor is very different than that for females. For males, factor three of attitudes

toward mathematics is clearly a valuation factor referring to the value of mathematics for

its utility in the maintenance and advancement of society. As well, a sub-element of

enjoyment of mathematics is present under this factor. The placement of this item is

sensible since enjoyment of solving new problems in mathematics is related to surviving
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in a technological society. That is to say, solving new problems in mathematics is

important for the advancement of society. Hence, the third factor of attitudes toward

mathematics for males is labeled societal Mathemøtics vøluation.

In comparing the results of the separate factor analyses for the sampled females'

and males' attitudes toward mathematics, it is evident that these females and males are

more similar with respect to their attitudes toward mathematics than in their experiences

of mathematics anxietv.

Table 27. Comparative Table of Factors Resulting From Separate Exploratory Analyses
of Anitudinal Variables for Females and Males.

Factor FEMALES MALES

1.

2.

3.

Mathematics Enjoyment
General Mathematics Valuation
Creative Mathematics Valuation

Mathematics Enjoyment
General Mathematics Valuation
Societal Mathematics Valuation

For both females and males, the most important factor among the items analyzed

representing attitudes toward mathematics is Mathematics Enjoyment Moreover, these

dimensions explain similar levels of variance for both females and males. Females and

males in the sample also are very similar in terms of the second dimension of their

attitudes toward mathematics. For both females and males this factor concerns a general

valuation of mathematics. However, there is an interesting difference between females

and males in the third dimension. The third dimension of attitudes toward mathematics

for females involves one's ability to personalize and be creative with mathematics.

Conversely, the third factor for males encompasses the value of mathematics for its utility

in maintaining and advancing society. Based on the results of the separate factor analyses
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of attitudes toward mathematics for females and males, then, it is apparent that distinctive

dimensional differences do exist in the sample of female and male Brandon University

students. However, from the factor analyses, it would appear as though these differences

are relatively limited. As indicated above, three meaningful factors are present for both

groups, each of the respective dimensions explain similar levels of variance for females

and males and the first two factors for females and males are quite similar in their

meaning. Certainly, the female and male Brandon University students who were sampled

are not as divergent in their attitudes toward mathematics as they are in terms of their

experiences of mathematics anxiety. The operation of these attitudinal dimensions in the

production of university student mathematics anxiety, though, may be quite different.

The following analyses will investigate the nature of the relationships between the

intervening variables and the mathematics anxiety experienced by the sample of Brandon

University students.

BREAKDOWN ANALYSIS FOR FEMALES AND MALES

It is important to begin by noting that when females and males are compared in

terms of respective levels of mathematics anxiety, as measured by the MARS, females in

the sample report experiencing higher levels of mathematics anxiety than males.t3 The

average score on the MARS for females is 184.59 with a standard deviation of 53.2L For

males, the average MARS score is 169.56 with a standard deviation of 44.65.ra Further,

this gender difference in mathematics anxiety experienced is statistically significant at the

rr For the purposes of the breakdown analyses, the responses for every question on the MARS were
combined into one MARS score for each subject in the sample. The range of possible MARS scores for
any one subject, then, is from 80 to 400. Thus, the lower one's overall MARS score, the less mathematics
anxious is that person.

la It is necessary to recognize the importance of comparing data from a given study to normative data.
Such a comparison is difficult in the present study because the version of the MARS used was modified.
Normative data, based on the original 98 item version of the MARS, indicates a mean MARS score of
215.38 out of apossible 490 (Richardson and Suinn, 1972:552). The mean MARS score in the present
study for females and males combined is 178.42 out of a possible 400. The average MARS scores taken as
percentages of the total possible scores are 44 and 44.6 for the normative data and the data used in the
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Table 28. Breakdown of Intervening Variables on the MARS for Females.

Mean SD sig.

il.

I.

V. Faculty:
Arts
Science
Other

Math Background:
Less than 300 math
300 math or higher

Recency:
Winter, spr. or sum. 1991
I to 2 years ago
3 to 4 years ago
5 or more years ago

Enjoyment:
Low enjoyment
Moderate enjoyment
High enjoyment

Value:
Low value
Moderate value
High value

t4
85

45
38

T9

24r.t4
173.7r

164.77
204.33
169.67
215.79

230.27
174.05
168.00

226.33
r80.44
171.63

34.52
48.65

27.74 .0000

6.46 .000s

12.53 .0000

39
24

18

t9

47.86
5t.72
45.16
52.93

ru.

IV.

22
60
18

l2
69
19

42.05
45.22

61.65

46.48
5t.72
st.34

61.69
47.73
39.03

4.8s .0099

r93.78
r77.68
176.63

l.zt .3031

present study, respectively. Hence, based on this comparison, the average MARS scores for the data in the
present study are very close to the normative data.
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Table 29. Breokdown of Intervening variables on the MARSfor Males.

Mean Sig.SD

L Math Background:
Less than 300 math
300 math or higher

Recency:
Winter, spr. or sum.
7 to 2 years ago
3 to 4 years ago
5 or more years ago

Enjoyment:
Low enjoyment
Moderate enjoyment
High enjoyment

Value:
Low value
Moderate value
High value

V. Faculty:
Arts
Science
Other

5

64

r59.40
172.23

175.43
1 58.17
r77.13
179.s0

2rr.13
r70.32
t40.69

201.00
170.51

I43.ts

173.46
164.6s
175.00

23.r0
45.27

46.67
42.84
33.48

58.63

26.17
42.47
44.74

44.62
4s.t9
40.70

45.21

44.05
47.06

il.

n.

IV.

r99I 35
aa¿J

8

+

8
/l'7

13

10

47
13

22

34
15

.39 .5344

.83 .4812

7.r8 .0015

5.296 .0074

.39 .67s9
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.05 level with a value of .0530. Hence, the overall hypothesis of the study which states

that females are expected to experience higher levels of mathematics anxiety than males

is supported. However, the gender diflerence in level of mathematics anxiety does not

appear to be large.

The results of a breakdown for each independent variable in the study with the

MARS for females and males are presented in tables 28 and 29, respectively. The

majority of females sampled have at least 300 level mathematics. Those that do not have

300 level mathematics, though, report experiencing significantly higher levels of

mathematics anxiety (173.71 vs. 241.14). The association between mathematics

background and mathematics anxiety for females is highly signif,rcant (a:.0000).

Further, from scanning all of the mean MARS scores for each intervening variable, it can

be seen that for all of the intervening variables, females with less than 300 mathematics

have the highest average MARS scores. Similar to females, the majority of males in the

sample also have 300 or higher mathematics. However, the few males in the sample with

less than 300 mathematics actually report experiencing less mathematics anxiety than

those with higher levels (172.23 vs. 159.40). This, of course, may be due to the operation

of some other variable(s). Perhaps these males are mature students who, although their

educational level in mathematics is relatively low, may have tremendous practical

experience with mathematics. Based on these results, bearing in mind that only five of

the sampled males comprise the 'less than 300' group, it appears as though mathematics

background as measured in the present study is not a significant variable in relation to

mathematics anxiety experienced by males. The associated statistical significance level

for this variable is .5344. Hence, based on the breakdown analysis for the intervening

variable of mathematics background, the hypothesis that mathematics background is

more importantly related to mathematics anxiety for females than males is supported.

Looking at the breakdowns for the recency of mathematics education variable, it

is interesting to note the very similar numbers of females and males who report having
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enrolled in a mathematics course within two years of the time that the data were

collected. Indeed, 39 females and 35 males report enrolling in a mathematics course

within one year of data collection. Twenty four female s and, 23 males report enrolling in

a mathematics course within two years of the data collection. However, markedly more

females indicate that it has been more than two years since they last enrolled in a

mathematics course. Eighteen females report last enrolling in a mathematics course 3 to

4 years ago and 19 report thatit has been more than 5 years since they last enrolled in a

mathematics course. Conversely, only 8 males report that they last enrolled in a

mathematics course 3 to 4 years ago and only 4 report that it has been more than 5 years

since they last enrolled in a mathematics course. Females in the sample, then, do appear

to have somewhat less recency of mathematics education than males. For both females

and males, the relationship between recency of mathematics education and mathematics

anxiety is not completely clear. Females appear to generally follow the pattern that the

more recently they have completed a mathematics course the lower their level of

mathematics anxiety. However, sampled females who have not enrolled in a mathematics

course for 3 to 4 years actually report experiencing less mathematics anxiety (169.67)

than those who indicated it had been 1 to 2 years since they had enrolled in a mathematics

course (204.33). Overall, though, the intervening variable recency of mathematics

education is significantly related to experiences of mathematics anxiety for females with

a significance level of .0005. Furthermore, it is interesting to note that recency of

mathematics education is the variable for females which contains the lowest average

MARS score. That is, of all the intervening variables for females, those who had most

recently completed a mathematics course had the lowest average MARS scores. Males

appear to follow the same pattern as females except that for the sampled males, those who

report that they have not enrolled in a mathematics course for 1 to 2 years actually

experience lower levels of mathematics anxiety (158.17) than those who have taken a

mathematics course as recently as less than 1 year ago. However, with an associated
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significance level of .48T2, it can be concluded that the recency of mathematics education

variable is not significantly related to experiences of mathematics for males. Thus, the

hypothesis that recency of mathematics education is more importantly related to the

mathematics anxiety experienced by females than males does appear to be supported by

the data in the present study.

The relationship of mathematics enjoyment to experiences of mathematics anxiety

for both females and males in the sample is highly significant (.0000 and .0015

respectively).ls As well, the direction of the relationship is the same for females and

males. Those who enjoy mathematics report that they experience less mathematics

anxiety than those who report moderate enjoyment of mathematics. Concurrently, those

who report low enjoyment of mathematics experience the highest levels of mathematics

anxiety. Although the relationships are consistent for females and males, the actual levels

of mathematics anxiety reported for the two sub-groups are quite different. Females with

low enjoyment of mathematics experience higher levels of mathematics anxiety (230.27)

than males reporting low enjoyment of mathematics (211.13). It is interesting to note that

males reporting low enjoyment have the highest average MARS score of any other group

on the intervening variables. Hence, of all the male groups based on the intervening

variables, those reporting low enjoyment of mathematics have the highest average MARS

scores' Females reporting high enjoyment of mathematics still experience higher average

levels of mathematics anxiety (168.00) than males reporting high enjoyment (140.69). lt
is also interesting to note that males reporting high enjoyment have the lowest averase

15 For the purposes of breakdown analysis, the variables of enjoyment and value of mathematics were
grouped and recoded into the categories of 'High', 'Moderate', and 'Low'. These categories were created by
running the frequencies and calculating the mean and standard deviation for both variables. For each
variable, the 'Low' category includes all values that are more than one standard deviation below the mean.
The'Moderate' category includes all values that fall between one standard deviation below and above the
mean. The 'High' category includes all values that are more than one standard deviation above the mean.
Based on the Bell theory of normal distribution, this was deemed a reasonable method of dividing the
categories into 'High', 'Moderate'and'Low'. Hence, the categorical divisions for each variable are based on
statistically sound criteria.
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MARS score of any other intervening variable. The fact that the enjoyment variable for

males contains the highest and the lowest average MARS score of all the intervening

variables is probably indicative that enjoyment of mathematics is an important variable in

relation to the mathematics anxiety experienced by males. Overall, the data seem to

indicate that enjoyment of mathematics is a significant variable for both females and

males yet high enjoyment for both females and males does not mean equally low MARS

scores. However, the hypothesis that enjoyment of mathematics is more importantly

related to mathematics anxiety for females than males does not appear to be supported by

the data.

Similar to enjoyment of mathematics, value of mathematics is a highly significant

variable for both females and males (.0099 and .0074). As well, like mathematics

enjoyment, value of mathematics is similarly related for both genders with low enjoyment

related to higher scoring on the MARS. Females again possess higher average MARS

scores than males for each level of the valuation variable indicating their overall tendency

to experience higher levels of mathematics anxiety than males. As with the mathematics

enjoyment variable, the hypothesis that value of mathematics is more importantly related

to mathematics anxiety for females than males also does not appear to be supported by

the data.

With respect to the intervening variable of faculty choice, the breakdown analysis

shows that, as expected, females in the Faculty of Arts do report experiencing higher

levels of mathematics anxiety (193.78) than females in the Faculty of Science (177.68).

Moreover, females in the Faculty of Arts experience higher levels of mathematics anxiety

than males in the Faculty of Arts (173.46) and males in the Faculty of Science (164.65).

Interestingly, females in the Faculty of Science report experiencing higher levels of

mathematics anxiety than males in the Faculty of Arts. Hence, despite the presumption

that females in the Faculty of Science have higher mathematics backgrounds and more

recency in mathematics coursework than males in the Faculty of Arts, they still appear to
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experience more mathematics anxiety than these males. It must be noted, though, that the

actual differences in the faculty variable for both females and males are not statisticallv

significant.

A general inspection of the breakdown analyses for females and males reveal that

the intervening variables, as a whole, work better for females. This may be indicative

that the variables included in the study are more related to and offer more in the way of

explanation for the mathematics anxiety experienced by females. The correlation and

regression analyses should provide further information regarding the accuracy of this

finding.

CORRELATION ANALYSIS FOR FEMALES AND MALES

Similar to the factor analyses of the scale variables, prior to conducting

correlation analysis it was necessary to evaluate the extent to which non-interval variables

approximate interval level data. The same method of calculating Pearson r and Spearman

rho matrices and comparing the differences was again employed. The only ordinal level

variables in the analysis that have not been checked for acceptability in approximating

interval level data are mathematics background and recency of mathematics education. A

Pearson's correlation between the two variables is shown to have a value of -.296.

Spearman's rho for the same two variables is -.282. The difference between the pearson's

and Spearman's correlations is only -.014. This difference is not significant (<.05) and it

is therefore concluded that the variables of mathematics background and recency of

mathematics education approximate interval level data. It is important to note that, due to

being a non-interval variable, faculty choice is not included in the correlation analyses.

However, the faculty choice variable will be included in the dummy variable regression

analyses. It is also necessary to provide a word of caution about the following correlation

analysis. While providing useful insights, the major limitation of zerc order correlation

analysis is that relationships between variables may be spurious. That is, the relationship
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between any two variables may be affected by one or more extraneous variables which, in

turn, may lead to the occurrence of a misleading correlation coeffrcient. It is essential to

bear this in mind when interpreting correlations. The following correlation analysis will

give us a better idea in regard to the importance of the different variables operating in

experiences of mathematics anxiety for female and male university students. The actual

correlation matrices for females and males are located in appendix tables 4 and 5,

respectively.

Figure 3 below is a visual representation of significant associations among

variables in the study for females. It was created to illustrate the importance of the

variables related to experiences of mathematics anxiety for females. The figure does so

by showing which variables are significantly related to one another and with how many

other variables a given variable is importantly associated. As well, the pictorial

representation makes it easier to follow along with the interpretation of the correlation

coefficients. Otherwise, it is difficult to see these details simply by looking at the

correlation matrix.

As is apparent from looking at figure 3, a number of variables in the model for

females are significantly related to one another. Mathematics background is significantly

related to two intervening variables and three dimensions of the MARS.I6 All of these

associations involving mathematics background are as expected. The intervening

variable of mathematics background is negatively related to three dimensions of the

MARS for females. The most significant of these associations involves Mathematics

Course Anxiety. Pearson's Product Moment Correlation Coeffrcient for this association is

significant at the .01 level with a value of -.472. Amoderately strong association exists

16 As was discussed in the Materials and Methods chapter, the dimensions of the MARS for both females
and males were saved as factor scores. These factor scores are new variables for females and males which
represent the mathematics anxiety experienced by these two groups.
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Figure 3. Pictorial Representation of Significant Correlations among VarÌobles in the
Studyfor Females.

Evaluation

Math Background Math Course

Everyday
Applieation

Recency

Comprehension

Creative
Value

Problem-
Solving

for females between mathematics background and anxiety over both the anticipation of

being in, as well as the taking of, mathematics cowses. Further, this correlation is inverse

in nature. In the females sampled at Brandon University, low mathematics background is

associated with higher levels of mathematics course anxiety. This is clearly a reasonable

relationship since having extensive experience in mathematics implies enrollment in

several mathematics courses. Having completed several couÍses in mathematics, then,

should lead to greater comfort with the taking of courses in mathematics. In a similar

vein, mathematics background is negatively associated with General Evaluation Anxiety

(-'273) and Comprehension Anxiety (-.320). Both of these dimensions of the MARS for

females vary with mathematics background such that females with lower backgrounds in

mathematics experience higher levels of General Evaluation and, Comprehension Anxiety.
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From a quick inspection of figure 3, it is evident that of all the variables in the

model for females, MathematÌcs Enjoyment is significantly associated with the largest

number of other variables. Indeed, seven of the fourteen significant associations for

females involve enjoyment of mathematics. Mathematics background is directly

associated with the attitudinal dimension of Mathematics Enjoyment (.369). Hence, as

expected, for the sampled females the higher their mathematics background the higher is

their enjoyment of mathematics.

The recency of mathematics education variable is negatively associated with

Mathematics Enjoyment for females with the third highest of all the significant

associations between the variables in the study for females (-.404). The lowest code on

the recency variable indicates the most recency in terms of enrolling in mathematics

courses. Hence, a negative correlation between these two variables is interpreted as

meaning that, for the females sampled, the more recently it has been since one has

enrolled in a mathematics course the more likely is that individual to enjoy mathematics.

Mathematics Enjoymenl is significantly associated with five of the six dimensions

of the MARS for females. The sixth factor for females, Observation Anxiety, is not

significantly related to any intervening variables. Four of the five significant associations

between the dimensions of the MARS for females and Mathematics Enjoyment are as

expected. MathematÌcs Enjoyment is negatively associated with General Evaluation

Anxiety (-.460), Mathematics Course Anxiety (-.288), Comprehension Arxiety (.3 1a) and

Mathematics Problem-Solving Anxiety (-.287). For the sampled females, the more their

enjoyment of mathematics the less of these components of mathematics anxiety they

experience. Howeve4 Mathematics Enjoyment is positively associated with Everyday

Application Anxiety for females. The literal interpretation of this association would

suggest that those females who enjoy mathematics also experience anxiety over the use of

mathematics in everyday situations. It may be that these two variables are positively

related because the dimension of the MARS being correlated is, statistically speaking,
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insignificant. That is to say, since the Everyday Application Anxiety dimension of the

MARS for females is not statistically significant, the unexpected direction of the

association may be due to random fluctuation. It is possible, though, that females

indicating enjoyment of mathematics enjoy using mathematics in academic situations but

do not experience this enjoyment in everyday applications. On the other hand, females in

the sample who do not enjoy mathematics in an academic setting do not experience

anxiety over everyday applications of mathematics. The sampled females who report

enjoyment of mathematics, then, may experience Everyday Application Anxiety because

they enjoy mathematics courses but do not enjoy using mathematics in everyday tife.

Recency of mathematics education is significantly associated with two

dimensions of the MARS for females. The recency variable is positively associated with

Comprehension Anxiety (.319) and Mathematics Course Anxiety (.213) for females.

Recalling the manner in which recency is coded, these associations are interpreted to

mean that females who have recently enrolled in a mathematics course are less likely to

experience anxiety over being in a mathematics course as well as anxiety over

comprehending mathematics. Clearly, these are sensible associations. Finally, the third

attitudinal dimension for females, Creative Mathematics Valuation, is negatively

associated with Mathematics Problem-Solving Anxiety. Females who value mathematics

for its creativeness, then, are less likely to experience anxiety over solving problems with

mathematics. This is also a sensible association since solving problems with

mathematics does involve some creativity and dexterity of thought rather than just the

simple manipulation of numbers.
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X'igure 4. Pictorial Representation of Significant Correlotions Among Variables in the
Studyfor Males.
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Similar to figure 3, figure 4 for males visually illustrates significant associations

among variables in the study. Viewing figure 4, it is evident that almost as many

variables possess significant associations for males as for females. However, it is also

clear from a quick glance at the pictorial representation that fewer significant correlations

are present for males. Mathematics background is not significantly associated with any

variables for males. Recency of mathematics education is only significantly associated

with one variable, Mathematics Enjoyment (-.358). Simitar to females, the more recently

it has been since one has enrolled in a mathematics couïse, the more these males report

enjoying mathematics.

As is the case with females, Mathematics Enjoyment is the variable which has the

highest number of significant associations with other variables. As well as with the

recency variable, Mathematics Enjoyment is significantly associated with the General
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Evaluation Anxiety dimension (-.253), the Social Responsibility Anxiety dimension (-

.282) and the Everyday Problem-Solving dimension (.289) of the MARS for males.

Hence, for males, the higher their enjoyment of mathematics the lower their General

Evaluation and Sociøl Responsibility Anxiety. Of course, these are reasonable

associations. However, as with females, the relationship of enjoyment to one of the

dimensions of the MARS, in this case the dimension is Everyday Problem-Solving

Anxiety, would appear to be less interpretable. As indicated above, these variables are

positively related such that those males who enjoy mathematics are also more likely to

experience anxiety over solving mathematics problems in everyday situations. Again, the

direction of the association could be due to random fluctuation since the Everyday

Problem-Solving Anxiery dimension of the MARS for males is statistically insignificant.

Unlike females, the attitudinal dimension of General Mathematics Valuation is

significantly associated with another variable, Mathematics Course Anxiety (-.304).

Societal Mathematics Valuatioz is also negatively related to Mathematics Course Anxiety

(-.338). Males who possess both general and societal valuation of mathematics are less

likely to experience anxiety over the taking of mathematics courses.

Based on the two correlation analyses above, a number of general observations

can be made. First, it is observed that more of the variables in the study are significantly

related to the mathematics anxiety experienced by females as compared to males. The

intervening variables included in the study are related to more of the dimensions of the

MARS for females (5 out of 6) than for males (4 out of 8). Second, for females, only two

of the three attitudinal variables possess significant associations. For males, all three

attitudinal dimensions possess significant associations. While the first attitudinal

dimension, Mathematics Enjoymenr, is significantly related to several dimensions of the

MARS for females and males, this is more the case for females. Third, mathematics

background is significantly related to a number of variables for females whereas, for

males, this variable is not significantly related to any other variables. Fourth. it is
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generally observed that none of the variables are highly associated with one another. No

associations greater than .5 and .4 are present for females and males, respectively. While

the variables relate to one another significantly, they do not correlate so highly that they

are totally dependent on each other. For females as compared to males, the correlations

are higher and there are more of them. Overall, then, for males the variables in the study

do not appear to be as related to mathematics anxiety as for females. It would seem that

the variables in the study account for more of the variability in mathematics anxiety for

females than for males.

STEPWISE MULTIPLE REGRESSION ANALYSIS FOR FEMALES AND MALES

Correlation analysis investigates the nature of the relationships between variables

in the study with respect to direction and strength. As Ezekeil (1945:450) stated, "The

correlation analysis itselfcan never provide the interpretation ofcause and effect. It can

only establish the facts of the relations--for the meaning of those facts, the investigator

must look elsewhere." To establish the extent to which variables are explained by other

variables, it is necessary to use regression analysis.lT It is important to note that for the

variables in the study which are measured on a categorical level, faculty choice and

gender, dummy variables were created and employed in the regression analyses where

appropriate.ls

17 Path analysis would provide the best evaluation of causal relationships by taking into account the direct,
indirect, spurious and unexplained effects of the variables. A direct multiple regréssion was performed to
obtain the significance and beta weights for use in a path model. However, for each dimension of the
MARS for both females and males relatively few variables are significant. Based on these considerations,
the potential utility of path analysis for the present study was deemed to be minimal and the decision was
made not to employ that particular method of analysis.

18 Dichotomous variables for faculty choice and gender were created in SPSSX using compute and recode
commands. As Halli (198a:ß2) has noted, dummy variables have arbitrary metric values of I and 0 and
may thus be treated as interval variables which can be inserted into the regression equation. For faculty
choice two dummy variables, 'Arts' and 'Other Faculties' were created. "The inclusion of all dummies
created from a given variable would render the normal equations unsolvable because the nth dummy
variable is completely determined by the first n-l dummies entered into the equation." (19g4:192) The
dummy variables created from faculty choice, then, can be compared with the reference category of
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Stepwise Multiple Regression Models for Females

Table 30 below contains the results of the stepwise multiple regression analysis

on the General Evaluation Anxiety dimension of the MARS for females.le Stepwise

multiple regression is employed to assess which variables most significantly explain the

mathematics anxiety experienced by the sampled students. Since, in stepwise multiple

regression, the shared variance between variables is added to the more important variable,

this form of regression provides a better reflection of reality in terms of the importance

which the independent variables have on the dependent variables.2o Inspecting the table

below it is apparent that only one variable, Mathematics Enjoyment, was entered into the

regression equation. It follows that of all the independent variables in the analysis,

Mathematics Enioyment is the only one which offers statistically significant explanation

for the variance in the most important dimension of the MARS for females. The adjusted

r square for this variable is .204 indicating that 20.4o/o of the variance in the General

Evaluation Anxiety experienced by females is accounted for by their enjoyment of

mathematics. Indeed, this is an important explanatory variable for the General

Evaluation Anxiety experienced by females. The unstandardized slope for this

'Science' students. For hierarchical multiple regression, one dummy variable, 'Female', was created for
gender. It was then possible to compare this variable to the reference category 'Male'.

19 Aside from the assumption of interval level measurement, which has already been dealt with for the
variables in the study, other assumptions which must be met before the quantitative techniques to be used
in the study are employed are linearity, normality and homoscadasticity. These assumptioni were checked
using the analysis of residuals in the multiple regression procedure. It was found that none of the
assumptions are strongly violated and the data were deemed sound for analysis.

20 In direct multiple regression, the independent variables share the shared variance. However, two
variables that share variance may appear to be equally important when, in reality, one is more important
than the other' Stepwise multiple regression eliminates this problem by adding the shared variance to the
more important variable. Stepwise multiple regression, then, is a good method for exploring the
importance of independent variables in explaining a given dependent variable.
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Table 30. Stepwise Multiple Regression Analysis of Intervening Variables on the
Generol Evaluation Anxiety Dimension for Females.

Independent Adjusted
Step Variable R Square

R Square Sig.
Change F B

sig.
Beta T

Math Enjoy .204 .0000 -.439 -.461 ,0000

.05 limits reached

Variables not in the equation:
Math Back.
Recency
G. Valuation
Creative Value
Other Faculties
Arts

.4021

.6126

.5r87

.768s

.2520

.4701

variable is highly significant (a:.0000). Controlling for all other independent variables

in the regression equation, Mathematics Enjoyment has a strong independent effect in

determining the sampled females' experiences of General Evaluation Anxiety.

The results of the stepwise multiple regression analysis on the Mathemøtics

Course Anxiety dimension of the MARS for females are presented below in table 31.

Table 31. Stepwise Multiple Regression Analysis of Intervening Variables on the
Mathematic s Cour s e Anxiety Dimension for Females.

Independent Adjusted R Square Sig.
Step Variable R Square Change F B

Sig.
Beta T

I
2

Math Back.
Arts

.181

.227 .046
.0000 - 1.2s7
.0000 - .449

.436 .0000

.231 .0137

.05 limits reached

(Constant) 2.972
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Variables not in the equation:
Recency
Math Enjoy
G. Math Value
Creative M. Value
Other Faculties

.181s

.1 353

.3627

.5323

.2334

Viewing the output for the regression on the second dependent variable, it is apparent that

mathematics background is the first variable which stepped into the regression equation.

According to the adjusted r square, mathematics background explains 18.1% of the

variance in the Mathematics Course Anxiety experienced by the sample of females. The

independent effect of this variable, controlling for the effects of all other independent

variables, is highly significant (cr=.0000). The second variable that stepped into the

regression model is the dummy variable for faculty choice, called Arts. The Arts variable

also has a significant independent effect on the dependent variable (a:.0137). The

overall effectiveness of the whole model is 22.7o/o. Indeed, while the Arts variable is

significant it does not appear to have nearly as much of an effect on the Mathematics

Course Anxiety experienced by this group of females as the mathematics background

variable. An inspection of the r square change shows that faculty choice contributes only

4.6o/o to the overall effectiveness of the model.2l However, since Arts is a dummy

variable, its slope must be interpreted somewhat differently than non-dwnmy variables.

That is, the slope for the dummy variable Arts can only be interpreted with the reference

category which, in this case, is female students in the sample who are in the Faculty of

Science. The results of the dummy variable regression show that females in the Faculty

of Arts experience significantly more MathematÌcs Course Anxiety (-.44g) than do

females in the Faculty of Science. Being registered in the Faculty of Arts does make a

21 The adjusted r square change in the stepwise multiple regression analyses is calculated by hand by
subtracting the adjusted r square from the adjusted r square ofthe variable(s) preceding a given variable in
the regression equation.
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significant difference to sampled females experience of Mathematics Course Araiety.

However, it appears as though mathematics background is the variable in this study

which is most responsible for the Mathematics Course Anxiety experienced by the sample

of females.

Table 32 below contains the results of the stepwise multiple regression analysis

on the Everyday Application Anxiety dimension of the MARS for females.

Table 32. Stepwise Multiple Regression Analysis of Intervening Variables on the
Ev eryday Applic ation Anxiety Dimension for Female s.

Independent Adjusted R Square
Step Variable R Square Change

sig.
FB

sig.
Beta T

1 Math Enjoy .043

.05 limits reached

Variables not in the equation:
Math background
Recency
G. Math Value
Creative M Value
Other Faculties
Arts

.0260 .2r1 .231 .0260

.5832

.5153

.1393

.0980

.6s97

.8757

Similar to the first dimension of the MARS for females, Mathematics Enjoyment is the

one and only variable that stepped into the regression equation for the Everyday

Application Anxiety dimension for females. The independent effect of this variable is

signif,rcant at the .05 level but it does not offer as significant an explanation for the

Everyday Application Araiety dimension as for the General Evaluation Anxiety

Dimension' This is reflected in the fact that Mathematics Enjoymenl explains only 4.3yo

of the variance in the Everyday Application Anxiety dimension of the MARS for females.
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Since this variable is the only independent variable in the study that offers significant

explanation for the Everyday Application Anxiety dimension, it is clear that the variables

in the study offer little in the way of explanation for the Everyday ApplÌcation Anxiety

experienced by the sampled females.

Results of the stepwise multiple regression analysis on the Comprehension

Anxíety dimension of the MARS for females are exhibited in table 33 below.

Table 33. Stepwise Multiple Regression Anolysís of Intervening Variables on the
Comprehension Anxíety Dimension for Females.

Independent Adjusted R Square Sig.
Step Variable R Square Change F

sig.
Beta T

1 Math Enjoy .102
2 Math back. .136
3 Arts .164

.05 limits reached

(Constant) .645

Variables not in the equation:
Recency
G. M. Value
Creative Value
Other Faculties

.0011

.034 .000s

.028 .0003

-.327
-.663

.390

- .334 .0011

-.221 .0354
.192 .0474

.1877

.1960

.6711

.5246

Inspecting the regression output for the Comprehension Anxiez)., experienced by the

sampled females, it is apparent that Mathematics Enjoyment is, again the first variable

stepped into the regression equation. The effect of this independent variable controlling

for all other independent variables is highly significant (a:.0011). Further, Mathematics

Enioyment explains 10.2% of the variance in the Comprehension AnxÌefl experienced by

the sampled females. The second independent variable stepped into the regression
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equation is mathematics background. Looking at the relative importance (Beta), it is
clear that mathematics background is not as important as Mathematics Enjoyment in

terms of explaining the dependent variable Comprehension Anxiety for females. Indeed,

the independent effect of mathematics background is less significant (cr:.0354).

Moreover, the r square change is .034, meaning that the percent of explained variance

accounted for by mathematics background for this dependent variable, is 3.4o/o. The third

variable to be stepped into the regression equation is the dummy variable representing

females in the Faculty of A¡ts. Since the Arts variable is a dummy variable, with the

reference category of students in the Faculty of Science, the importance of the slope

indicates that Arts and Science students are significantly different in their experiences of

Comprehension Anxiety at the .05 level. Hence, the dummy variable regression analysis

shows that females in the Faculty of Arts experience significantly higher levels of

Comprehension Anxiety than do females in the Faculty of Science. Overall, these

independent variables explain a total of l6.4Yo of the variance in the Comprehension

Anxiety experienced by the sampled females.

Table 34 below contains the results of the stepwise multiple regression analysis

on the Mathematics Problem-solving dimension of the MARS for females.

Table 34. Stepwise Multiple Regression Analysis of Intervening Variables on the
Mathematics P roblem-solving Anxiety Dimens ion for Femare s.

Independent Adjusted R Square Sig. Sig.
Step Variable R Square Change F B Beta T

I
2

Math Enjoy .069
Creative Value .108 .039

.05 limits reached

Variables not in the equation:
Math back.

.0062 -.261

.0022 -.201
-.282 .0062
-.2r8 .0292
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Recency
G. M. Value
Other Faculties
Arts

.s638

.3496

.3507

.1224

The final dimension of the MARS for females in which at least one of the intervening

variables in the study offers significant explanation is Mathemotics Problem-Solving

Anxiety. Once again, Mathematics Enjoyment is the independent variable which offers

the most explanation for a component of the MARS for females. The independent effect

of this intervening variable on the Mathematics Problem-Solving Anxiety experienced by

the sampled females is significant (o:.0062). In terms of this dimension of the MARS

for females, Mathematics Enjoymezl is shown by the adjusted r square to explain 6.9Yo of

the variance. Interestingly, the second variable stepped into the regression equation is the

only valuation dimension that offers a statistically significant explanation in the

dimensions of the MARS for females. Creative Mathemøtics Valuation is shown by the

regression analysis to offer significant explanation (u:.0292) for the Mathematics

Problem-Solving Anxiety experienced by the sampled females. Clearly, though, an

inspection of the relative importance (Beta) shows this independent variable to be less

important in terms of explaining the dependent variable than the enjoyment variable. The

r square change shows that Creative Mathematics Valuation accotxtts for 3.9%o of the

explained variance in Mathematics Problem-Solving Anxiety for this group. Overall,

Mathematics Enjoyment and Creative Mathematics ValuatÌon together explain 10.8% of

the variance in the sampled females' Mathematics Problem-Solving Anxiety.

It is important to add that the Observation Anxiety dimension of the MARS for

females is not significantly explained by any of the intervening independent variables

included in the analysis. Thus, the intervening variables included in the study offer

significant explanations for five of the six dimensions of the MARS for females. On the
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other hand, as you will soon see, only four of the eight dimensions of the MARS for

males are significantly explained by the intervening variables included in the studv.22

Stepwise Multiple Regression Models for Males

Results of the stepwise multiple regression analysis on the Mathematics Course

Anxiety dimension of the MARS for males are presented in table 35 below.

Table 35. Stepwise Multiple Regression Analysis of Intervening Variables on the
Mathematic s C ours e Anxiety Dimension for Mal e s.

Independent Adjusted R Square Sig. Sig.
Step Variable R Square Change F B Beta T

1

2
Societal Value .103
G. M. Value .177 .074

.0053 -.342

.0009 -.286
-342 .00s3
-.293 .0t23

.05 limits reached

Variables not in the equation:
Math back.
Recency
Math Enjoy
Other Faculties
Arts

.8493

.s888

.0574

.4235

.7394

Looking at the output of the multiple regression performed on the Mathematics Course

Anxiety dimension of the MARS for males it is shown that the first intervening variable

stepped into the regression equation is Societal Mathematics Valuatioz. This variable has

a very signif,rcant independent effect on the Mathematics Course Anxiety experienced by

22 For both females and males, the low explained variance and lack of significant explanatory variables
beyond the first or second dimensions of the MARS may be the result of analyzing åinge factors. The
fringe factors are not well developed and they also represent different types of anxiety. Ii"n.", they may
not be responsive to the independent variables included in the studv.
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the sampled males (cr:.0053). The adjusted r square for this variable shows it to explain

10.3% of the variance in the dependent variable. The second intervening variable to be

stepped into the regression equation General Mothematics Valuation. The independent

effect of this variable is also quite significant (cr:.0123). Looking at the relative

importance (Beta), it is apparent that Societal Mathematics Valuation is more important

than General Mathematics Valuation. However, an inspection of the r square change

shows General Mathematics Valuation to explain 7.4% of the variance in the

Mathematics Course Anxiety experienced by the sample of males. Compared to the

explained variance of other variables in the study that entered on the second step, this

figure is quite high.

Table 36 below contains the results of the stepwise multiple regression analysis

on the General Evaluation Anxiety dimension for males.

Table 36. Stepwise Multiple Regression Analysis of Intervening Variables on the
Gener al Evaluation Anxiety Dimens ion for Male s.

Independent Adjusted R Square Sig. Sig.
Step Variable R Square Change F B Beta T

1 Math Enjoy

.05 limits reached

.04s .0498 -.249 - .244 .0498

.9262

.8736

.2001

.6756

.4601

.2066

Variables not in the equation:
Math back.
Recency
G. M. Value
Societal M. Value
Other Faculties
Arts
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Only one intervening variable, Mathematics Enjoyment, stepped into the regression

equation for the General Evaluation Anxiety dimension of the MARS for males. The

independent effect of Mathematics Enjoyment onthe dependent variable, controlling for

all other intervening variables, is barely statistically signif,rcant at the .05 level (a:.049g).

An inspection of the adjusted r square shows Mathematics Enjoyment to explain 4.5o/o of
the variance in the General Evaluation Anxiety experienced by sample of male university

students.

Results of the stepwise multiple regression analysis on the Social Responsibility

Anxiety dimension of the MARS for males are displayed in table 37 below.

Table 37 . Stepwise Multiple Regression Analysis of Intervening Variables on the
So cial Re sponsibility Anxiety Dimens ion for Male s.

Independent Adjusted R Square
Step Variable R Square Change

sie.
FB

sig.
Beta T

.05 limits reached

Variables not in the equation:
Math back.
Recency
G. M. Value
Societal M. Value
Other Faculties
Arts

Math Enjoy .062 .0257 .282 -.277 .0257

.2222

.2r50

.8498

.7252

.8684

.6111

Similar to the previous multiple regression analysis discussed for males, MathematÌcs

Enjoyment is the one and only variable stepped into the regression equation. However,

the independent effect of this intervening variable is more significant than for the

previous analysis (u:.0257 vs. .0498). The adjusted r square shows the Mathematics
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Enjoyment variable to explain 6.2%o of the variance in the Social Responsibitity Anxiety

experienced by the sampled males.

Table 38 below contains the results of the stepwise multiple regression analysis

on the Everyday Problem-solvÌng Anxiezy dimension of the MARS for males.

Table 38. Stepwise Multiple Regression Analysis of Intervening Variables on the
Everyday Pr obl em-Solving Anxiety Dimens ion for Mal e s.

Independent Adjusted
Step Variable R Square

R Square Sig.
Change F B

sig.
Beta T

.05 limits reached

Variables not in the equation:
Math Back.
Recency
G. M. Value
Societal M. Value
Other Faculties
Arts

Math Enjoy .069 .0t94 .303 .289 .0194

.94s1

.73s4

.7920

.3277

.3396

.t487

Akin to the previous two regression analyses for males, Mathematics Enjoymezl is shown

to be the one and only intervening variable that offers significant explanation for the

dimension of the MARS being analyzed. In this case, Mathematics Enjoyment has a

more significant independent effect than for the previous two dimensions discussed above

(cr:.0194). An inspection of the adjusted r square shows the Mathematics Enjoyment

variable to explain 6.90/o of the variance in the Everyday Problem-Solving Anxiety

experienced by the sampled males.

Based on the separate multiple regression analyses for females and males, a

number of observations can be made. It is evident that fewer variables in the study
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explain the dimensions of the MARS for males than females in the investigation.

Moreover, those variables that are significant seem to have more explanatory power for

females than for males. As well, for females in the study, the most meaningful variable

that explains the most important dimension of mathematics anxiety, General Evaluation

Anxiety, is Mathematics Enjoyment. On the other hand, for males the variables that

explain the most important dimension of mathematics anxiety, Mathematics Course

Anxiety, are Societal Mathematics Valuation and General Mathematics Valuation.

Clearly, the variables included in the study operate differently for females as compared to

males. Further, from an observation of the regression analyses for males, it is evident that

the Mathematics Course Anxiety dimension is the only one that is significantly explained

by a valuation dimension as well as by more than one intervening variable. The fact that

the two valuation dimensions are the only two variables which significantly explain the

Mathematics Course Anxiety experienced by the sampled males is very interesting,

bearing in mind thaf Mathematics Course Anxiety is the most important dimension of the

MARS for males in the sample. Also, compared to the other regression analyses for

males, the overall effectiveness of the model (I7.7%) is by far the highest. Hence, the

intervening variables in the study offer the most explanation for this dimension of the

MARS for males. Mathematics Course Anxiety is also the dimension of the MARS for

females in which the overall effectiveness of the model is the highest (22.7%). It is
interesting to note, though, that the variables which explain these respective dimensions

for females and males are completely different. For males the significant variables refer

to valuation while for females the significant variables are mathematics background and

faculty choice.

HIERARCHICAL MULTIPLE REGRESSION ANALYSIS

To see the effects of the gender variable on the mathematics anxiety experienced

by the sampled students hierarchical multiple regression was employed. Hierarchical
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multiple regression allows the forced entry of independent variables into the regression

model based on theoretical criteria. Thus, by entering all of the variables comprising the

intervening process into the regression equation initially these variables can capture as

much explained variance as possible. The subsequent entry of the gender variable will

thus allow us to see how much of the variance in the dependent variable is explained by

gender while controlling for the intervening process. Table 39 below contains results of
the hierarchical multiple regression analysis on the General Evaluation Araietv

dimension of the MARS for females and males combined.23

Table 39. Hierarchical Multiple Regression Analysis on the General Evaluation
Armtety Dimensionfor Females and Males Combined.

Independent Adjusted
Step Variable R Square

R Square
Change

sig.
F Beta

sig.
TB

1

2

Block
Female

.241

.248 .007
.0000
.0000 -.228 .It4 .t140

Initially, the variables representing mathematics background, recency of mathematics

education, the attitudinal dimensions and faculty choice were directly entered into the

regression equation and then the gender variable was entered. Since gender is a

categorical variable, it was necessary to create a dummy variable to satis$r the interval

level data requirement of multiple regression analysis. When the female variable is

23 Since the hierarchical multiple regression analyses are performed to assess the gender variable, it is
necessary to use factor scores saved from the combined factor analysis of the MARS for females and males
as the dependent variables. That is, since gender is being used as an independent variable in the regression
equation it is not desirable to use the separate dimensions of the MARS for females and males as the
dependent variables' Rather, it is necessary to use dependent variables that are pertinent to both females
and males.
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entered into the regression equation the adjusted r square change is shown to be .007.2a

Thus, controlling for all intervening variables, the intervening process, gender accounts

for .7%o of the explained variance in the General Evaluation Anxiety experienced by the

sample.

Results of the hierarchical multiple regression analysis on the Mathematics

Course Anxiery dimension of the MARS for females and males combined are disnlaved in

table 40 below.

Table 40. Hierarchical Multiple Regression Analysis on the Mathematics Course
Anxiety Dimensionfor Females and Males Combined.

Step
Independent Adjusted
Variable R Square

R Square

Change
sie.
F B Beta

sig.
T

1

2
Block
Female

.190

.188 -.002
.0000

.0000 .116 .0s8 .4388

Following the same procedure as in the first hierarchical multiple regression, all

intervening variables were directly entered into the regression equation and then the

female dummy variable was entered. As can be seen in the table above, the adjusted r

square change after the female variable is entered into the regression equation is zero.

Hence, controlling for the intervening process, gender does not account for any of the

explained variance in the Mathematics Course Anxiety experienced by the sample of

Brandon University students.

24 The adjusted r square change in the hierarchical multiple regression analyses is calculated by hand by
subtracting the adjusted r square for the entire block ofintervening variables from the adjusted r square of
the eender variable.
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Table 41 below contains results of the hierarchical multiple regression analysis on

the Everyday Application Anxiety dimension of the MARS for females and males

combined.

Table 41. Hierarchical Multiple Regression Analysis on the Everyday Application
Anxiety Dimensionfor Females and Males Combined.

Independent Adjusted R Square Sig. Sig.
Step Variable R Square Change F B Beta T

I
2

Block
Female

.082

.093 .011

.00s7

.0037 .267 .133 .0930

When all of the intervening variables were directly entered into the regression equation

and then the female dummy variable was entered for the Everyday Application Anxiety

dimension of the MARS, the adjusted r square change was shown to be .01 I . Therefore,

it can be concluded that controlling for the intervening process, gender accounts for Ll%o

of the explained variance in the Everyday Application Anxiety experienced by the

sampled students.

Therefore, based on the hierarchical multiple regression analyses, it can be

concluded that, taking out the effects ofthe intervening variables, gender alone accounts

for very little of the explained variance in the mathematics anxiety experienced by the

sample of Brandon University students. Among the explained variance in the study,

gender perse does not have a significant impact on mathematics anxiety. It would appear

as though the intervening process accounts for the majority of the variance in the gender

variable. That is, given all the limitations of the study and not including other important

measurement variables, gender perse does not significantly influence the mathematics

anxiety experienced by the sampled students. Thus, for the present study, the intervening
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process primarily is gender. It is reasonable to argue that, for the sampled students, being

a female or male has little to do with explaining experiences of mathematics anxiety.

Rather, it is differences in females' and males' mathematics background, recency of

mathematics education, attitudes toward mathematics and faculty membership which, to

some extent, explains differences in the mathematics anxiety experienced by these

groups. Hence, the hierarchical multiple regression in the present study reveals that it is,

to some extent, differences in socialization that are responsible for gender differences in

the mathematics anxiety experienced by the sampled females and males.
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CHAPTER VII

DtscusstoN

The first portion of the present chapter summarizes and engages in a discussion of

the results from the analyses in the previous chapter. The subsequent section consolidates

the findings in the context of the synthesis of the literature review outlined in Chanter II.

FINDINGS

According to the results of the breakdown analysis, the sampled female students

from Brandon University repof experiencing higher levels of mathematics anxiety than

males' The first hypothesis, that females are expected to experience higher levels of

mathematics anxiety than males, is supported by the data in the present study. As

discussed in an earlier chapter, investigators (Brush 1978;Betz1978; Dew et al. 1983;

Llabre and Suarez 1985; Eccles and Jacobs 1986; Wigfield and Meece 1988; Hembree

1990; Tocci and Engelhard 1991) have reported the presence of such an association.

Aside from some speculation about potential extraneous variables in this relationship,

simply reporting such a difference is as far as many previous investigations have taken

the analysis. Little is known, then, about why these differences occur. However, gender

disparities in mathematics anxiety are still operating, at the very least, in the sample used

for the present study. The central task ofthe present investigation is to acquire a greater

understanding ofthese gender differences than is currently available.

Dimensional Distinctiveness of Mathematics Anxiety for the Genders

The starting point for a better understanding of gender differences in mathematics

anxiety is in achieving a greater comprehension of the meaning of mathematics anxiety

for the genders. Initially, a factor analysis was performed on the MARS for females and
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males taken together. This was done to compare the results to the findings of other

studies, that is, to see how the mathematics anxiety of the students in the present study

compare to previously conducted investigations. The analysis showed that there are,

indeed, similarities in the mathematics anxiety experienced by the university students in

this study and the subjects used in previous research. There is another reason, though, for

the performance of the combined factor analysis. By looking at the results of the

combined factor analysis and comparing them to the separate factor analyses for the

genders, we can see how those who factor analyze females and males together are

missing distinct dimensional differences between the genders. That is, the meaning of

mathematics anxiety for females and males is being camouflaged by their mutual

inclusion in the analysis. Indeed, separate dimensional analyses for females and males do

show the presence of very definite distinctions.

The meaning of mathematics anxiety for females is quite different from the

meaning of mathematics anxiety for males. An initial indication of this distinctiveness is

given by the finding that females appear to be more homogeneous in terms of the

mathematics anxiety they experience. Based on the exploratory criteria, six dimensions

represent the mathematics anxiety experienced by females as opposed to eight

dimensions for males. As well, the first, and most important, factor for females accognts

for more of the explained variance than does the first factor for males. Moreover, the

sampled males make a distinction between the mathematics anxiety they experience in

everyday life and the anxiety they experience in school. Females, on the other hand, tend

to lump these two situational settings together. For instance, the fourth dimensions of the

MARS for both females and males are similar in that they involve anxiousness over

comprehension for females and anxiousness over competence for males, yet, for males

this anxiousness is limited to everyday situations. Similarly, both females and males

experience anxiety over problem-solving, but the problem-solving dimension split into

academic and everyday dimensions for males. This is indicative that females. more than
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males, may possess a more general experience of mathematics anxiety. That is,

regardless of whether they are in school or in everyday life situations, they will

experience Comprehension arrd Mathematics Problem-Solving Anxiety. Perhaps this is

reflective of differential gender-role socialization. The manner in which females are

socialized may lead to a more transcendental experience of mathematics anxiety for

females than males. Thus, the agents of socialization typically isolated, parents and

teachers, may be transmitting messages to females which lead them to possess a more

general experience of mathematics anxiety.

The most important dimension of mathematics anxiety for the sampled females

and males is clearly very divergent. Both of these factors, General Evaluation Anxiety

for females and Mathemotics Course Anxiety for males, are similar in that they each

involve components of mathematics anxiety suffered in academic situations. Hence, for

the sampled female and male university students, the mathematics anxiety suffered is

primarily in academic situations. This is reasonable given that the sample is comprised of

university students. However, from the analysis it would appear as though, when females

suffer from mathematics anxiety, they are reacting to situations where they are being

evaluated. These situations especially involve preparing for and writing mathematics

tests. On the other hand, males experience mathematics anxiety principally over the

anticipation of being in, and the taking of, mathematics courses. For females, then,

mathematics anxiety primarily involves woffy over anticipating an upcoming

mathematics test or actually writing a mathematics test. Conversely, males' experience of

mathematics anxiety primarily concems worry over anticipating having to take a

mathematics course or actually being in a mathematics corrse. Given that these two

factors are the most important components of the mathematics anxiety experienced by

females and males, this is an extremely acute distinction. Let us think about this for a

moment. Which of these two components of mathematics anxiety is potentially more

damaging to the university student? Recall, as well, that males report experiencing
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somewhat less mathematics anxiety than females. Hence, females are experiencing

General Evaluation Anxiety at slightly higher levels than males are experiencing

Mathematics Course Anxiety. Certainly, Mathematics Course Anxiety can be damaging.

Being anxious over, for instance, "Reading the word statistics or mathematics" may lead

to the avoidance of mathematics courses. However, these anxious feelings experienced

by males can probably be dealt with by these males without it affecting their overall

performance in mathematics couÍses. This may be especially true if they are still

socialized to be confident in mathematics, to view mathematics as a male domain and so

on. That is, these males may be socialized such that they have other strengths which will

aid them in coping with their mathematics anxiety. However, anxiousness over being

evaluated on mathematics work, particularly with reference to mathematics tests, can be

catastrophic to performance in mathematics courses. Experiencing anxiety over

anticipating and writing mathematics tests can be debilitating. This anxiety may interfere

with both test preparation and test performance. It follows, then, that grades received for

the mathematics work done by these females may be less than they are capable of

attaining. This could very well reinforce affective feelings of those females who have

been socializedto believe that they do not have a natural ability in mathematics. As well,

feeling anxious when writing a test of any kind is unpleasant. If females experience

anxiety specifically over the anticipation and writing of mathematics tests, this may

contribute to the avoidance of mathematics.

The factor analyses also have shown that each of these dimensions are important

for both females and males. That is, Mathematics Course Anxiety is also important for

females as is General Evaluation Araiety for males. Females and males are not wholly

different in their experiences of mathematics anxiety. Indeed, the third factor, Everyday

Application Anxiety, is very similar for both genders. Rather, it is the emphasis which the

genders place on the first two factors of the MARS which provides the greatest

distinction.
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The fifth dimension of mathematics anxiety for males involves anxiety over social

responsibility/accountability in mathematics. Given the notion that males anticipate that

they will be applying their abilities in mathematics to important tasks, this dimension is

sensible. If males are socialized to feel that they will be using mathematics to accomplish

important tasks, it is reasonable that they report experiencing this component of

mathematics anxiety. On the other hand, this dimension does not appear for females.

This is also in line with differential socialization theory. That is, females may not

experience anxiety over social responsibility because they may have been socialized that

they will not be using mathematics to accomplish socially important tasks.

Despite these differences, the last dimension of mathematics anxiety experienced

by the sampled females and males is the same. For both females and males, a component

of the mathematics anxiety they experience involves anxiety over being observed while

performing mathematical manipulations. Overall, though, the sampled females and males

express more differences than similarities in their experiences of mathematics anxiety.

Without doubt, the present study has demonstrated that separate dimensional assessments

for the genders shows that their experiences of mathematics anxiery are very distinct.

Dimensional Distinctiveness of Attitudes Toward Mathematics for the Genders

While the separate dimensional assessments of mathematics anxiety provide a

greater understanding of the meaning of mathematics anxiety for females and males than

previously offered, they do not tell us how these differences have come to be. As

discussed in Chapter II, attitudes toward mathematics have been pointed to as being

important determinants of mathematics anxiety. However, similar to mathematics

anxiety, the meaning of attitudes toward mathematics for females and males also appears

to be largely unstudied. Indeed, an investigation conceming the dimensionality of

auitudes toward mathematics gives some insight into their connection to gender-

stereotypical socialization and to experiences of mathematics anxiety.
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Overall, females and males appear to be more similar in terms of their attitudes

toward mathematics than in their experiences of mathematics anxiety. The explained

variance for each of the factors for females and males is similar and the first two factors

are also quite similar for these study groups. However, an interesting dimensional

difference is present in the third dimension for females and males.

The third dimension of attitudes toward mathematics for females, Creative

Mathematics Valuation, involves one's ability to personalize and be creative with

mathematics. Recalling gender-role socializationtheory, this value of mathematics for its

creative potential, or lack thereof, may be the product of being socialized to be creative.

That is to say, if females are expected to be creative, then it is not surprising that females

value mathematics for its creative potential or devalue mathematics for its lack of creative

possibilities. On the other hand, the third factor of attitudes toward mathematics for

males, Societal Mathematics Valuation involves the value of mathematics for its utility in

maintaining and advancing society. Similar to females, following gender-role

socialization theory, it is reasonable that males would value mathematics for this purpose.

For they are the ones, if socialized in a gender stereotypical manner, who will apply

mathematics to solve problems in the real world. Hence, if we consider the results of the

separate dimensional assessments of attitudes toward mathematics for the sampled

students in the context of stereotypical gender-role socialization, some signs of

differential leaming are present.

The Intervening Process

Initially, to assess how the intervening variables are related to the overall levels of

mathematics anxiety experienced by females and males, breakdown analyses were

performed. Following the breakdown analyses, correlation analyses were employed to

investigate the significant associations for females and males, in terms of direction and

strength, between the intervening variables and the dimensions of the MARS.
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Mathematics Background

The breakdown analysis shows that, as expected, mathematics background is

significantly related to the levels of mathematics anxiety experienced by the sampled

females but this is not the case for the sampled males. The correlation analysis shows

that mathematics background is significantly associated with several variables for females

but with no other variables for the sampled males. Thus, the present study indicates that

mathematics background is importantly related to both mathematics anxiety and to other

intervening variables for females but this is not the case for males. Moreover, these

associations are as expected such that less extensive mathematics background is

associated with higher levels of mathematics anxiety. Hence, as hypothesized,

mathematics background is more importantly related to mathematics anxiety for females

in the sample than males. Previous literature indicates that females, more than males,

tend to avoid participation in mathematics. A possible explanation for this is that parents'

and teachers' gender stereotypic expectations lead females to acquire affective feelings

that influence them to place less emphasis on taking mathematics courses. This, in turn,

may lead females to experience higher levels of mathematics anxiety when encountering

mathematics.

Recency of Mathematics Education

With respect to the intervening variable recency of mathematics education, the

breakdown analysis reveals that females in the sample have somewhat less recency of

mathematics education than males. Correlation analysis shows that this intervening

variable is significantly inversely related to Mothematics Course and Comprehension

Anxiety for females. Thus, the more recently a female has enrolled in a mathematics

course, the less of these elements of mathematics anxiety she experiences. However, in
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relation to the mathematics anxiety experienced by males, the recency of mathematics

education variable has no significant associations.

As hypothesized, then, recency of mathematics education appears to be more

importantly related to experiences of mathematics anxiety for females than males. This is

quite reasonable given that mathematics background is also more importantly related to

the mathematics anxiety experienced by females compared to males. That is to say,

females tend to avoid participation in mathematics more than males leading them to have

less recently enrolled in a mathematics course. As a result of having less recency of

mathematics education, these females witl be more likely to lack proficiency in

mathematics and possess feelings of inadequacy that lead them to experience higher

levels of mathematics anxiety. Indeed, the moderate inverse relationship for females

between recency and both Mathematics Course as well as Comprehension Anxiety

indicates that those females with low recency experience higher levels of these

components of mathematics anxiety.

Attitudes Toward Mathematics

Overall, both enjoyment and valuation of mathematics are inversely related to

experiences of mathematics anxiety for females and males. As expected, then, the lower

one's enjoyment and value of mathematics, the more mathematics anxietv thev

experience.

The breakdown analyses for females and males indicate that mathematics

enjoyment is an important variable for both of these groups but high enjoyment does not

mean equally low MARS scores. Females with high levels of mathematics enjoyment

still experience more mathematics anxiety than males with high levels of mathematics

enjoyment. The correlation analyses also show that enjoyment is signif,rcantly related to

a number of variables for both females and males. These associations are stronger for

females and there are more of them for females as compaÍed to males. Based on these
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analyses, though, the hypothesis that enjoyment of mathematics is more importantly

related to experiences of mathematics anxiety for females than males is not confirmed.

The same can be said for valuation of mathematics. The breakdown analyses

show mathematics valuation to be significantly related to mathematics anxiety for both

groups. Hence, the hypothesis that value of mathematics is more importantly related to

experiences of mathematics anxiety for females than males is also not confirmed. Again,

females possess higher avetage MARS scoïes than males for each level of the valuation

variable indicating their overall tendency to experience higher levels of mathematics

anxiety. However, the correlation analyses demonstrate that all three valuation

dimensions are significantly related to the mathematics anxiety experienced by males, but

only two of the attitudinal dimensions are so related for females. Indeed, the General

Mathematics Valuatior¿ dimension is not related to any variables in the model for

females. Hence, though valuation is an important variable for females, the correlation

analysis indicates that it is the Creative Mathematics Valuation component that is

significantly related to experiences of mathematics anxiety for females. In terms of

socialization, while enjoyment and valuation are significant for both females and males,

as previously discussed, the types of enjoyment and valuation of mathematics for females

and males may be the result of differential gender-role socialization.

Faculty Choice

The breakdown analyses for females and males on the faculty choice variable

reveal that, as hypothesized, females in the Faculty of Arts experience higher levels of

mathematics anxiety than their male counterparts or both females and males in the

Faculty of Science. Moreover, females in the Faculty of Science report experiencing

higher levels of mathematics anxiety than males in the Faculty of Arts. Though the

faculty variable for both females and males is not statistically significant, it does follow

the hypothesized direction. Despite the assumption that females in the Faculty of Science
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have more extensive mathematics backgrounds and more recency of mathematics

education than females and males in the Faculty of Arts, these females in the sciences still

report experiencing higher levels of mathematics anxiety than males in the Faculty of

Arts.

Explanatory Variables for Gender-Based Dimensions of the MARS: A Comparison

After conducting the breakdown and correlation analyses for females and males, a

pattem of associations are clearly apparent. For instance, mathematics background is an

important variable for females and more of the intervening variables in the study are

significantly related to the mathematics anxiety experienced by females. However, to see

more precisely which intervening variables effect which components of mathematics

anxiety for the genders, it is necessary to look at the results of the stepwise multiple

regression analyses. Tables 42 and 43 below contain the significant intervening variables

and the explained variance figures of each regression model for females and males,

respectively. Looking at table 42 it is clear that the dimensions of the MARS which are

explained by the intervening variables in the study to the greatest degree are the two most

important factors for females. The only intervening variable in the study which explains

the most important dimension of the MARS for females , General Evaluation Anxiety, is

the attitudinal dimension of Mathematics Enjoyment. An inspection of table 43 evinces

that this is also the case for males. That is, Mathematics Enjoyment is the only

intervening variable which offers significant explanation for the General Evaluation

Anxiety experienced by the sampled males. However, this intervening variable explains

only 4.5Yo of the variance in the General Evaluation Anxiety experienced by males in the

sample. Hence, Mathematics Enjoyment accovnts for much more of the General

Evaluation Araiety experienced by females.
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Table 42. Intervening Variables, Individual and Total Explained Variance for Each
Multiple Regression Equation for Female s.

Intervening
Variable

%o of
Explained
Variance Dimension

Total%o of
Explained
Variance

Math Enjoyment

Math. Background
Faculty Choice

Math Enjoyment

Math Enjoyment
Math Background
Faculty Choice

Math Enjoyment
Creative Value

20.4

18.1

4.6

4.3

r0.2
5.+

2.8

6.9

3.9

G. Evaluation

Math Course

Everyday Application

Comprehension

M. Problem-Solving

20.4

22.7

+.5

t6.4

10.8

In both of these cases, then, the only significant explanatory variable is an affective

intervening variable which encompasses enjoyment of mathematics. While the

breakdown and correlation analyses revealed enjoyment of mathematics to be

significantly related to the mathematics anxiety experienced by females and males, the

stepwise multiple regression analysis shows that mathematics enjoyment is a much more

important explanatory variable for the mathematics anxiety experienced by females.

Thus, as hypothesized, mathematics enjoyment is more important in relation to

experiences of mathematics anxiety for females than males.

As can be seen in table 43,the crucial variables in explaining the experiences of
mathematics anxiety for males in the study, at least with respect to the most important

dimension of the MARS for males, are intervening variables encompassing mathematics

valuation.
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Table 43. Intervening VarÌables, Individual and Total Explained Variancefor Each
Multiple Re gres sion Equation for Males.

Intervening
Variable

o/o of
Explained
Variance Dimension

Total%o of
Explained
Variance

Societal M. Value
G.M. Value

Math Enjoyment

Math Enjoyment

Math Enjoyment

10.3

7.4

4.5

6.2

6.9

Math Course

G. Evaluation

Social Responsibility

Everyday Problem-Solving

t7.7

4.5

6.2

6.9

Similar to the first dimension of the MARS for females, the most important explanatory

variables for the Mathematics Course Anxiety experienced by males are affective in

nature. However, these affective variables for males are, clearly, very different. Societal

Mathematics Valuation and General Mathematics Valuation arcthe variables in the study

which significantly explain the most important dimension of the mathematics anxietv

experienced by the males in the sample.

Considering only the first, and most important, dimension of the MARS for

females and males, then, we can see that the present study shows tremendous differences

in mathematics anxiety in terms of both meaning and explanations. Moreover, it would

appear plausible that these differences are capable of being related back to stereotypical

gender-role socialization. Recalling the correlation analysis for females, Mathematics

Enjoyment is shown to be negatively related to General Evaluation Anxiety. Females

with low enjoyment of mathematics are more likely to experience higher levels of anxiety

over being evaluated, particularly with respect to mathematics tests. It is possible that

this is a result of childhood socialization. If, as a result of differential expectations and

treatment by parents and teachers, young girls are affected in terms of their feelings about
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and usefulness for mathematics, and if these affective variables lead to lower participation

and performance in mathematics, then it is not surprising that females' enjoyment of
mathematics will be affected. And, according to the regression analysis, this lack of

enjoyment is important in explaining experiences of anxiety over being evaluated.

The result of socialization is quite different for males. While the variables that

affect experiences of mathematics arxiety for males are also affective, they refer to

valuation of mathematics. The correlation analysis shows that Societat and General

Mathematics Valuation arc negatively relate d to Mathematics Course Anxiety for males.

Males who do not value mathematics are more likely to experience higher levels of

anxiety over the taking of mathematics courses. In the context of differential gender-role

socialization theory, it is reasonable that these valuation variables offer significant

explanations for the most important dimension of mathematics anxiety experienced by

males. That is to say, males are cited in the literature as being socialized to view

mathematics as being useful (Fennema and Peterson 1985; Fennema I9B9; Meyer and

Schatz-Koehler 1990) and to see mathematics as a male domain (Fennema and Sherman

1978; cemen 1987; Hyde et al. 1990; Tocci and Engelhard r99l; Ethington 1992;

Lefevre et al. 1992) since the stereotypical perception is that males need mathematics for

their career, to survive. The possession of such feelings about the importance of

mathematics should make these males embrace mathematics, and this is demonstrated by

participation in mathematics courses. For whatever reasons, some males may not value

mathematics. It is reasonable to argue that males who do not value mathematics are still

pressured by the norTns and demands of society to take mathematics. Hence, when

confronted by societal pressrrres to acquire proficiency in mathematics, which involves

taking mathematics courses, their lack of valuation for mathematics leads these males to

feel anxious about mathematics corrses. However, unlike females, these males do not

appear to primarily suffer from evaluation anxiety. It may be that, even for males with

low Societal and General Mathematics Valuation,these males are still socialized to feel
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that they have some natural ability in mathematics so they do not fear being evaluated on

their mathematical ability as much as females. For males with low valuation of

mathematics, perhaps the most important dimension of mathematics anxiety results from

a feeling of being pressured to do something that they do not see the need to do.

It is interesting to note that the f,rndings being discussed are quite compatible with

the results of Cemen's (1987) qualitative investigation into the nature of mathematics

anxiety. As stated in Chapter II, Cemen found that females are exposed to the attitude

that they do not need to learn mathematical skills because they "have got a man" and

males are exposed to the attitude that they must learn mathematical skills because they

are males. Further, according to Cemen, this stereotyping of mathematics as a male

domain affects experiences of anxiety differently for females and males because of their

differential sex roles. On the one hand, females who are not encouraged to learn

mathematics, experience anxiety over mathematics. On the other hand, males experience

anxiety over mathematics because of the pressure placed upon them to leam it by virtue

of their being male. The findings of the present study hone this by indicating that, on the

one hand, females are anxious about mathematics evaluation, specifically mathematics

tests, because they do not enjoy mathematics. Signif,rcant associations with mathematics

background and recency of mathematics education with the enjoyment variable would

indicate that lack of preparation may be partially responsible for the low enjoyment

experienced by some females. On the other hand, males are socialized that it is important

for them to take mathematics by virtue of their being male and, as a result, some males

who do not possess this value of mathematics become anxious about having to take

mathematics courses.

Recall that the second factor and beyond of the MARS for both females and males

are not nearly as significant in terms of explained variance as are the first factors.

However, it is interesting to probe the explanatory variables of the less statistically

significant dimensions of mathematics anxiety for the study groups. Indeed, the multiple
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regression analysis on the second dimension of the MARS for females provides further

signs of differential gender-role socialization. Mathematics Course Anxiety is the second

most important dimension of the mathematics anxiety experienced by females. The

regression shows that, for females, it is not mathematics valuation which explains their

experiences of this component of mathematics anxiety. Rather, mathematics background

and being in the Faculty of Arts are the only two intervening variables in the study which

offer important explanations for the Mathematics Course Anxiety experienced by females.

This appears to be indicative of the widely reported avoidance of mathematics on the part

of females (Tobias 1976;Betz 1978; Hart Reyes 1984; Singer and Stake 19g6; Wigfield

and Meece 1988; Ferurema 1990a; Flessati and Jamieson 1991; Lefevre et al. 1992).

Indeed, the variety of affective feelings about mathematics caused by differential

expectations and the like may lead females to avoid participation in mathematics.

Avoiding participation in mathematics is directly reflected in the significance of the

faculty choice variable. If females register themselves in the Faculty of A,.1s to avoid

mathematics it is not surprising that they will report experiencing anxiety over situations

which involve mathematics courses. Similarly, avoiding participation in mathematics is

directly reflected in the meaningfulness of the mathematics background variable for

females. Avoiding participation in mathematics would certainly lead to less extensive

backgrounds in mathematics. For obvious reasons, less extensive backgrounds in

mathematics will make these females more prone to experience higher levels of
Mathematics Course Araiety. The significance of this for differential gender role-

socialization theory is in the fact that, while females do experience a similar component

of mathematics anxiety to males, based on the variables in the study the explanations are

very different for females and males and they can clearly be tied to affective views that

are the result of differential socialization.

The remaining stepwise regression analyses involve respective dimensions of
mathematics anxiety for females and males that are less comparable. However, some
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overall observations can be made. As can be seen by inspecting table 43, all of the

intervening variables that significantly explain the mathematics anxiety experienced by

males are affective in nature. For males the second, third and fourth dimensions for

which at least one intervening variable in the study offers significant explanation arc all

the same affective variable, Mathematics Enjoyment. However, in all three cases, the

explanatory power of this intervening variable for these dimensions of the MARS is quite

small. This indicates that some males may simply not enjoy mathematics leading them to

experience higher levels of some components of mathematics anxiety.

For females the situation is more complex. Affect is also important for females

but other intervening variables, mathematics background and faculty choice, are likewise

meaningful. This was indicated by the correlation analysis which showed that several

variables are significantly related to the mathematics anxiety experienced by females as

opposed to males. Females in the sample seem to have had experiences which lead the

mathematics background and faculty choice variables to be important to them. Indeed,

the correlation analysis shows mathematics background to be significantly positively

correlated with enjoyment of mathematics for females (.369). As well as offering

important explanations for Mathematics Course Anxiety, faculty choice and mathematics

background also significantly explain the Comprehension Anxiety experienced by

females. Being in the Faculty of Arts implies a less extensive amount of mathem atical

training. Hence, it is not surprising that the faculty choice and mathematics background

variables offer significant explanation for a dimension which encompasses anxiety over

comprehending mathematics.

The unique affective dimension to females, Creative Mathematics Valuation, does

offer some explanation for one of the components of mathematics anxiety experienced by

females. Indeed, the variables in the study that offer significant explanation for the

Mathematics Problem-Solving Araiety experienced by females are Mathematics

Enioyment and Creative Mathematics Valuation. Females appear to be socialized to
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value mathematics for its creative potential. Solving problems in mathematics is one of
the components of mathematics that does allow for a great deal of dexterity and creativity

of thought in terms of the approach used in solving a given problem. Hence, it is

reasonable that Creative Mathematics Valuation would, offer significant explanation for

Mathemat ic s P r o b I e m- S o lv ing Anxie ty.

As a whole, then, mathematics anxiety clearly has a different meaning depending

upon whether one is female or male. As well, attitudes toward mathematics represent

somewhat different entities for females and males. More pointedly, these attitudes

operate differently to explain the mathematics anxiety experienced by the sampled

females and males. Although Mathematics Enjoyment is a significant attitudinal

dimension for both females and males, this intervening variable is much more important

to our understanding of the mathematics anxiety experienced by females. On the other

hand, Societal Mathematics Valuation and General Mathematics Valuation are much

more important attitudinal dimensions with respect to our understanding of the

mathematics anxiety experienced by the sampled males. These differences in the

importance of the attitudinal dimensions provide insights into the socialization process

leading to differential experiences of mathematics anxiety for the genders. This is

supplemented by the fact that mathematics background and faculty choice are important

explanatory variables for females but not for males. Overall, though, none of the

regression models explain a sufficient amount of variance to allow the conclusion that the

variables in the study wholly explain the mathematics anxiety experienced by the

sampled females and males. It is important to note that these low levels of explained

variance are not necessarily a reflection of the quality of the model, but may be due to

some of the methodological limitations of the study.2s Nevertheless, even as the results

25 The low levels of explained variance for the stepwise multiple regression analyses could be the result of
using ordinal data in the factor analysis. The data were verified to approximate interval level data but we
can not be certain that it behaves exactly as interval data.
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are, this does not mean that the gender variable alone accounts for the gender differences

in mathematics arxiety.

To investigate the extent to which gender accounts for the variance in the

dependent variables, hierarchical multiple regression was employed. According to the

hierarchical multiple regression, taking out the effects of the intervening variables, gender

accounts for .7Yo of the explained variance in the General Evaluation Anxiety, none of the

explained variance in the Mathemotics Course Anxiety, and 1 .l%o of the explained

variance in the Everyday ApplÌcation Anxiety experienced by the university students in

the sample. Controlling for the intervening process, then, gender accounts for a minimal

amount of the explained variance in the mathematics anxiety experienced by the sampled

university students. While the intervening process does not explain a high percentage of

the overall variance for the mathematics anxiety experienced by the study group, it does

account for the majority of the variance in the gender variable. The gender variable does

not account for much of the difference in mathematics anxiety experienced by the sample

of students from Brandon University. Thus, for the present study, it can be stated that the

variables which are the result of socialization, instead of gender perse, are to some extent

responsible for the mathematics anxiety experienced by the sampled university students.

The findings of the present study conf,rrm what was suspected from the review of

the literature concerning gender differences in levels of mathematics anxiety. The

controversy over whether or not there are gender differences in levels of mathematics

anxiety may exist because those who find gender differences are not controlling for

important intervening variables that are the result of differential socialization. This is

substantiated, at least in the present study, by the finding that gender perse explains

minimal variance in the mathematics anxiety experienced by the sampled students from

Brandon University. Moreover, the majority of the hypotheses were confirmed indicating

that, for the sampled students, females and males are being differentially socialized such

that the intervening variables of mathematics background, recency of mathematics
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education, enjoyment of mathematics and faculty choice are operating in a marìner which

leads females to experience mathematics anxiety. Even in some studies which find no

gender differences in levels of mathematics anxiety, though, gender differences are vastly

reported in mathematics participation and achievement. Moreover, mathematics

achievement is consistently found to be negatively related to mathematics anxiety. The

present study indicates that, it may be differences in females' and males' experiences of

mathematics anxiety which provides the greatest insight into the connection of

mathematics anxiety to gender differences in mathematics participation and achievement.

SYNTHESIS

The main findings of the present study can be synthesized in the context of the

general socialization theory used in the past to explain gender differences in mathematics.

Figure 5 below is a pictorial depiction of the synthesis. It represents the findings of

previous research synthesized with the results from the present study regarding the

processes at work in the production of differential experiences of mathematics anxiety for

females and males. Recalling the discussion from the synthesis of the literature review in

Chapter II, previously conducted studies concerning gender differences in mathematics

indicate that teachers and parents are primarily responsible for socializing females and

males in such a way that they perform differently in mathematics. While times have

changed, it would appear that parents and teachers aÍe still socializing children in such a

way that they differ in mathematics by gender. Indeed, the finding that the sampled

females in the present study experience slightly higher levels of, and qualitatively

different, mathematics anxiety are indicative that something is still operating today which

is differentially affecting females'and males'experience of mathematics anxiety.

The hierarchical multiple regression demonstrates that, at least for the presenï

study, the gender variable itself is accounted for by the intervening process. Hence, it is

reasonable to state that the gender differences in the mathematics anxiety experienced by
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Figure 5. Process Modelfor Gender Dffirentiated Experiences of Mathematics
Anxiety.
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the sampled females and males are to some extent due to socialization. The result of

being differentially socialized leads to differences for females and males in the affective

domain. It is possible that females and males, as a result of differential socialization,

view mathematics as a male domain so that they feel that mathematics is, by nature, a

discipline for males. Findings with respect to viewing mathematics as a male domain

vary such that some studies find this variable to be more important for females (Ethington

1992; Lefevre et al. 1992), while other studies find that males view mathematics as a

male domain more than females (Fennema and Sherman 1978; Hyde et al. 1990; Tocci

and Engelhañ I99l). Cemen (1987) notes that viewing mathematics as a male domain is

important for both females and males. As well, females may feel less confident in

mathematics than males and they may not view mathematics as being as useful to them

(Fennema and Peterson 1985; Fennema 1989; Meyer and Schatz-Koehler 1990). Females

also may possess differing causal attributions for success in mathematics such that, unlike

males who may attribute their failure to lack of effort, they attribute their failure in

mathematics to lack of ability (Mura 1987;Meyer and Schatz-Koehler 1990). For both

females and males the self-fulfilling prophecy may be at work (Becker 1981). Females

may feel that they have little or no control over their success in mathematics. This

leamed helplessness may lead them to not try to succeed in mathematics. Indeed, females

show more of a tendency than males to avoid mathematics (Tobias 1976;Betz l97B;Hart

Reyes 1984; Singer and Stake 1986; V/igfield and Meece 1988; Fennema I990a; Flessati

and Jamieson 1991; Lefevre et al. 1992). As the findings of the present study would

indicate, this experience of socialization has led some females to experience low

enjoyment of mathematics. This lack of enjoyment for mathematics is shown in the

present investigation to play a large part in explaining the most important component of

mathematics anxiety experienced by females.

Males are also affected by socialization, but one would expect that the majority of

them are affected in a positive \May. As stated above, males may view mathematics as
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being a male domain even more than females, they also may view mathematics as being

useful to them, they may have more confidence in their ability to do mathematics and, in

turn, may attribute their failures in mathematics to a lack of effort rather than a lack of

ability. The self-fulfrlling prophecy may also be at work for males, then, such that

interrralization of these feelings will actually help males to achieve in mathematics.

However, accompanying this socialization is, probably, a certain amount of feeling

pressured to take mathematics. That is, these males may feel that they must take

mathematics in order to obtain a career and succeed in the world. The findings of the

present study indicate that males are socialized to value mathematics in general and for

the contribution that it makes to society. Some males, though, may not value

mathematics. It is difficult to speculate why this may be the case aside from stating the

obvious. That is, perhaps these males simply do not like mathematics and, therefore, do

not value it. The present study has shown that low valuation of mathematics is

meaningful in explaining the most important component of mathematics anxiety

experienced by males. The reaction to mathematics for these males involves anxiety over

the anticipation of being in and the taking of mathematics courses. Though these males

do not value mathematics as much as other males, they still feel pressured to take

mathematics and, thus, experience Mathematics Course Anxiety.

Contrary to males, females' low enjoyment of mathematics is important in

explaining the most significant component of the mathematics anxiety they experience,

General Evaluation Anxiety. Females anxious reaction to mathematics primarily involves

arxiety experienced over being evaluated, especially in terms of mathematics tests. It is

reasonable to argue that this anxiety reaction is more debilitating than the anxiety over

being in a mathematics course experienced by males. In all likelihood, anxiety over

evaluation and tests will be reflected in lower levels of academic performance for females

because it may interfere with test preparation and test performance as well as contribute

to further avoidance of mathematics. On the other hand, the Mathematics Course Anxiety
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of males may not only be experienced at lower levels, but is probably also less

debilitating. Anxiety over such situations as reading the word "statistics" or

"mathematics" does not seem to be as threatening or potentially damaging as the anxiety

experienced by females. Moreover, since males are socialized to have a positive affect,

these males with low mathematics valuation may possess a general positive affect for

mathematics which allows them to more effectively cope with the mathematics anxiety

they experience than do females.26 Indeed, not only do females experience a more

debilitating type of mathematics anxiety than males, but this anxiety probably reinforces

their negative affective domain regarding mathematics. The result may be that females

are less able than males to cope with the anxiety they experience thus intensifuing their

mathematics anxious experiences. These contrasting processes sometimes show up in

higher reported levels of mathematics anxiety for females than males. It is easy to see,

then, why some females shy away from mathematics and mathematics related careers

creating an injustice in both the academy and the work force.

26 It is important to note that there are particular techniques involving coping strategies in the
psychological literature. However, in the context of the thesis, coping with anxietyìs teing uràd to simply
refer to anxiety management.
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CHAPTER VIII
CONCLUSION AND IMPTICATIONS

The present study has investigated the mathematics anxiety experienced by a

sample of female and male Brandon University students. Some previously conducted

studies have identified a trend toward females experiencing higher levels of mathematics

anxiety than males. Mathematics anxiety is important because of the consequences

associated with it. Mathematics anxiety may lead to low levels of mathematics

achievement and the avoidance of further participation in mathematics. Several

investigations on mathematics anxiety which find a difference between the genders

indicate that this difference is most prominent at the college level. Thus, females may be

most likely to be affected by mathematics anxiety in terms of the academic options, and

subsequent career options, that are open to them. But, few of these researchers looking

into gender differences in mathematics have rigorously investigated gender differences in

mathematics anxiety. It is contended that such an analysis of gender differences in

mathematics anxiety was needed to arrive at a more accurate understanding of the

contribution of mathematics anxiety to creating gender inequities in mathematics. The

present study has shown that, at least for the sampled students at Brandon University,

gender disparities in favor of males are still operating with respect to mathematics

anxiety. Simply noting which gender experiences quantitatively more mathematics

anxiety, as do many studies, does not provide us with any indication of the underlying

process that is operating to create this difference. The present study has gone far beyond

noting simple differences in levels of mathematics anxiety and gives us an indication that

females and males, at least those sampled, are very divergent in their experiences of, and

explanations for, mathematics anxieW.
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Throughout the analysis, females consistently show themselves to be more

homogeneous in their experiences of mathematics anxiety. This is reflected in their

possessing fewer dimensions of the MARS than males, the major reason for which

appearing to be that females do not make as much of a distinction as males between the

mathematics arxiety they experience in academic and everyday situations. Focusing on

the first, and most significant, dimension of the MARS for the sampled females and

males isolates their most consequential divergence. Females' experience of mathematics

anxiety primarily involves anxiety over evaluation while, for males, the anxiety concerns

the anticipation of being in, and the taking of, mathematics courses. Moreover, the

General Evaluation Anxiety experienced by females would seem to be more debilitating

in nature than that experienced by males. The attitudes of the sampled university students

appear to be more similar than their respective anxiety, yet signs of differential gender-

role socialization are apparent in the valuation dimensions with females being socialized

to value mathematics for its creativity and males being socialized to value mathematics

for its worth to society.

Overall, sampled females and males are significantly different in levels of

mathematics anxiety experienced in favor of males. However, differences in levels of

mathematics anxiety experienced by the genders do not appear to be large. Mathematics

background and recency of mathematics education are significantly related to

mathematics anxiety for females but not for males. Females are shown to experience

more mathematics anxiety than males, regardless of faculty membership. While these

differences among faculties are not statistically significant, the dummy variable

regression shows faculty choice to be a significant explanatory variable for some

dimensions of the mathematics anxiety experienced by females but this is not the case for

males. Similarly, while the mathematics enjoyment variable is significant for each

gender, the stepwise multiple regression clearly shows that this intervening variable is

more important in explaining the mathematics anxiety experienced by females than that
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experienced by males. For the mathematics valuation variable, though, the hypothesis

was not supported. Mathematics valuation would appear to be more importantly related

to experiences of mathematics anxiety for males than females. However, upon close

inspection of the valuation dimensions and the results of the multiple regression, this

finding is believed to be understood. All the findings in the study are reasonable thus

allowing their synthesis in the context of socialization theory. Indeed, the findings of the

hierarchical multiple regression indicate that socializationis primarily responsible for the

mathematics anxiety experienced by the sampled students. The study shows that we

should look to how agents of socialization influence the affective domains of females and

males.

It would appear that females are being socialized to possess a negative affect over

mathematics while males are being socialized to have a positive affective domain. These

affective differences then seem to reifr themselves through the self-fulfilling prophecy.

As a result, some females may avoid mathematics and experience low enjoyment of

mathematics. According to the present study, this lack of enjoyment plays alargerole in

leading females to experience anxiety over evaluation, especially concerning mathematics

tests. On the other hand, males feel pressured to take mathematics, and for those who do

not value mathematics, this pressure creates feelings of anxiety over the taking of

mathematics courses. However, given the negative affective domain possessed by

females and the positive affective domain possessed by males, as well as the fact that

females'anxiety is more debilitating in nature, males are probably more able to cope with

their arxiety than females. As well, it is likely that fewer males will experience anxiety

because they have been socialized with a positive affective domain. Overall, these

differences may culminate in higher reported levels of mathematics anxiety for females.

More importantly, being anxious over the anticipation and writing of mathematics tests

may make it more diffrcult for these females to study for, and write, mathematics tests.

Mathematics anxiety, then, may contribute more toward low mathematics performance
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for females than males. This, in turn, may contribute to further avoidance of mathematics

for females.

For the long-term, we must encourage the transmission of views which will lead

to more egalitarian affective domains for females and males. 'We 
must omit the image

that mathematics is a male domain. Females must be socialized as males to view

mathematics as being useful and to be confident in terms of their ability in mathematics.

Previously conducted studies indicate that these disparities are the result of differential

treatment from parents and teachers. The present study has only been able to speculate

that this is the case. If these are, indeed, the agents responsible for the gender

stereotypical socialization that causes affective differences for the genders, then we must

make them more aware of the role they are playing and the negative consequences of

their behavior. Undoubtedly, this will take time.

For the short-term, the study raises some possibilities. Similar treatment of

females and males beginning at an early age is desirable to obtain the long-term goal

discussed above. However, similar treatment of females and males who are well

entrenched in their experiences of mathematics anxiety will not lead to the egalitarian

results desired, minimal anxious experiences for both genders. Rather, to attain equity, at

least in terms of mathematics anxiety, we must consider what the problem is for females

and males. Based on that, we can decipher what females and males need to effectivelv

deal with their mathematics anxiety.

The present study indicates that what is needed for females is to diminish the

anxiety they experience over evaluation. Specifically, work has to be done to lower

females' anxiety over mathematics tests. According to this study, at least part of the

solution for this problem may involve taking measures to increase females' enjoyment of

mathematics. It would seem that more research into females' lack of enjoyment over

mathematics is needed to provide fruitful insights into how to maximize enjoyment.

Based on the review of the literature regarding affective variables and mathematics,
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perhaps teachers could make a greater effort to increase the self-confidence of females in

the mathematics classroom, assert that mathematics is not a male domain and

demonstrate that mathematics is useful to both females and males. It is important to add

that increasing females enjoyment of, and participation in, mathematics is not only

important in terms of having a career and earning a living. As Fennem a (1990a:2) has so

poignantly stated,

Mathematics is a unique product of human culture. Permitting females
to understand this culture is important both for their own appreciation
of the beauty of mathematics and the transmission of this culture to future
generations.

Mathematics is an important science for one's self-development. This is reason enough to

encourage females to both participate in, and enjoy, mathematics.

The problem of mathematics anxiety appears to be less important for males, both

in terms of levels and consequences. However, this does not mean that the problem

should be ignored. The present study indicates that dealing with the mathematics anxiety

experienced by males may involve educating males that those who do not value

mathematics, those that do not want to have a career which relies heavily on mathematics,

can obtain a number of occupations that will allow them to earn a living and contribute to

society which do not hinge on mathematics. Of course, this is not to downplay the

crucial importance of knowing some mathematics to everyone in society, but just to

transmit the message that many occupations do not require one to demonstrate extensive

abilities in mathematics.

The thesis has provided another domain to the study of gender and mathematics.

In assessing the dimensionality of mathematics anxiety for females and males, isolating

the intervening process, and assessing the effects of the intervening variables on

experiences of mathematics anxiety for females and males, the present study has

furthered our understanding of gender differences in mathematics anxiety. If we can
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work toward diminishing gender-based inequities in mathematics, then, as Fennema and

other researchers have noted, one of the major barriers to the egalitarian participation of

females in education and society will be eliminated. It is hoped that the present study

will, at the very least, provide some novel insight and ideas to others in the area. The

thesis indicates that there is a need for more research. Interestingly, the major findings of

the thesis are consistent with, and complement, Cemen's (1987) qualitative findings

concerning the nature of mathematics anxiety. This indicates the utility of both

quantitative and qualitative approaches in the study of mathematics anxiety. Hence, there

would appear to be room for both quantitative and qualitative investigations for further

work in the area.

Future studies need to be more comprehensively planned. Included in such

studies should be the age variable. It would have been useful to control for age in the

present study but the data set used contained no age variable. Recency of mathematics

education may work as a proxy for age but it is not a full replacement. Future research

should certainly control for causal linkages dealing with age. As well, future studies

should advance more comprehensive concepts including those of learned helplessness

and the self-fulfilling prophecy. Such efforts should lead to the development of definite

causal iinkages and comprehensive strategies for coping with mathematics anxiety.

The present study engaged in exploratory comparisons of females and males with

respect to experiences of mathematics anxiety. Future studies should also employ

comparisons of social science and natural science students in an effort to investigate not

only levels of mathematics anxiety, but also sources of mathematics anxiety. To some

extent, these two groups could work as experimental and control groups. By controiling

for intrinsic and external factors which could otherwise effect the results. such

comparisons would prove more useful for investigating causal linkages.

'While much of the attention with respect to mathematics anxiety is given to its

effects on females, the thesis indicates that further investigation into the mathematics

150



anxious experiences of males may be warranted. Clearly, though, the present study

demonstrates, as do many others, that the problem of mathematics anxiety is most

importantly related to females. Based on the results of the thesis, a model representing

the process leading to gender differences in mathematics anxiety has been created. It

would be desirable to test this model, particularly with measures of the socialization

variables to see more precisely how socialization agents are related to the formation of

specific affective variables and how these affective variables lead to differential

experiences and levels of mathematics anxiety. In the final analysis, it is hoped that the

contribution to our understanding of gender differences in mathematics anxiety provided

by the study will lay another brick in the road leading to equity and justice in

mathematics, and ultimately, society.
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APPENDIX -A- (i5B)

MATHEMATTCS AN)ilETY RÄTING SCALE

The items in this questionnaire refer to things and experiences which may cause tension or
apPrehension. Foi each item, please place ã check ( ) in the circle undei the column rhat.ihdicates 

how much you would be maãe anxious by the situation or circumstance described.

How anxious.... Not at A A fair
All little amount

Very
Much muih

1. Deciding how much change pu should
get back from buying several items.

2. Having someone watch you as you add
up a column of numbers.

3. Having someone watch you as you divide
a five digit number by a two digit number.

4. Being asked to add up 976 + 777 in your
head.

5. Figuring out a simple percent¿ge, like the
sales tax on something you buy.

6. Listening to a person explain how
your share of the eryenses on a trip was
figued out (including meals, housing, etc.).

7. Having to f,rgure out ho',v much it will cost
to buy a product on credit (including
interest charges).

8. Adding up a bill for a meal when you think
you have been over-charged.

9. Telling the cashier that you think the bill
for the meal was wrong and watching the
cashier add up the bill again.

i0. Being treasuer for a club.

11. Adding up 1/5 + 213 on paper.

12. Doing a word problem in algebra.

13. Solving a problem such as: If x = 11,
and y: 3, then what is x/y- expressed as
a decimal?

14. Solving a problem such as: Il x = 12,
and y = 4, then what is the ratio of x to y?

15. Figuring out your grade point average
(G.P.A.) for the previous term.

16. Being asked to guess how many people
have attended a large gathering.
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o

o

o

o

o

o

o
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o
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How anxious....

17. Purchasing your math textbook at the
bookstore.

18. Scanning your math textbook prior to
attending class.

19. V/atching someone work with math tables.

20. Watching a professor work out an algebra
problem on the blackboard.

21. Signing up for a math course.

22. Listening to another student explain a

Not at
All

o

o

A A fair
little amount

oo
Very

Much much

oo
o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
math formula.

23. Walking into a math class. O

24. Having to figure out the gas consumption/ O
kilometer for a car.

25. V/atching someone work with a calculator. O

26. Looking through the pages of a math text O

27. Working on an income tax form. O

28. Preparing a statement of annual earnings O
and expenses.

29. Studying for a math tesl O

30. Starting to read a new chapter in a math O
teK.

31. Thinking about beginning a math
assrgnment.

32. Meeting your math professor outside of O
the classroom.

33. Reading the word "statistics" or O
"mathematics".

34. Sitting in a math class and waiting for the O
professor to begin.

35. Solving a mathematics problem involving O
fractions.

36. Signing up for a course in geometry. O

37. Checking over your monthty bank statemenl O

38. Taking the math section of a standardized O
tesl like an achievement or admissions test

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
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o

o

o

o

o

o

o

oo
oo
oo

o

o

o

o

o

o

o
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How anxious.... Not at
All

39. Having someone explain bank interest O
rates while describing savings accounts.

40. Raising your hand in a math class to ask a O
question about something you do not
understand-

41. Reading and interpreting graphs or cha¡:ts.

42. Figuring out the G.S.T. for something you
might purchase.

43. Reading a formula in chemisury.

44. Listening to a lecrure in a social science
class where the teacher is commenting
on some figures, like the percentage of
each socioeconomic group voting Liberal.

45. Taking a quiz or test in a math course.

46. Taking a final examination in a math course.

47. Hearing rs/o of your friends talking about
the best way to figure out a mathematics
problem.

48. Having someone ask you to recheck the
numbers in a simple calculation, such as
division or addition.

49. Being asked by a friend to answer the
question: 'flow long will it take to get to
the shopping mall if I drive 50 kms./hour?"

50. Studying for a d¡iver's license test and
memorizing the figures involved, such as
the distances it takes to stop a car going
at different speeds.

51. Having a friend teach you how to do a math
problem and finding that you cannot
understand what is being said.

52. Juggling class times around at registration
to determine the best schedule.

53. Deciding which courses to take in order to
come out with enough credit hours for
graduation.

54. Working out a concrete, everyday application
of mathematics that has meaning to you, eg., O
ñguring out how much you can spend on
recreational activities after paytng other bills.

A A fai¡
little amount Much

ooo
Very
much
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How anxious....

55. Working on a math problem which seems
less irhportant in your life, such as 'If x =
outstanding bills, and y = total income,
calculate how much is left for recreational
purposes.

56. Being given a set of algebra problems to
solve.

57. Picking up your textbook ûo begm working
on a homework assignmenL

58. Being given a homework assignment
involving many math problems, which is
due the next class.

59. Thinking about an upcoming math test one
week in advance.

60. Thinking about an upcoming math test one
dayin advance.

61. Thinqng about an upcoming math test one
hour before it begins.

62. Thinking about an upcoming math test five
minutes before it begins.

63. Waiting to get a math test returned on which
you elpect to do well.

64. Waiting to get a math test returned on which
you expect to do poorly.

65. V/alking to a math class.

66. Realizing that you have to take a certain
number of math courses to meet the
graduation requirements.

67. Pic\ing up a math textbook to begin a
difficult reading assignment

68. Being called upon to answer a question in
a math class on a topic you do not fully
understand.

69. Not knowing the formula needed to solve
a particular test/exam problem.

70. Waiting.for your fînal math grade ar rhe
eno oI tne telIn.

71. Opening a math or statistics text and seeing
a fulIpage of problems.

Not at
All

A fair
amount

A
little

Verv
Much muóh
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o
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How anxious.... 
Yh"t

72. Getting ready to study for a math tesr O

73. Listening to a lecture in a math class. O

74. Figudng out your monthly budger O

75.Inærpreting a computer output O

76. Having to use the tables in the back of your O
math teÉ to solve a problem.

77. Interpreting probability statemenrs. O

78. Asking your math instn¡ctor to help you O
with a problem that you do not undeistand.

79. Being.asked to explain how you anived at O
a particular answer to a problem.

80. Presenting the results of a sun¡ey or poll. O

A A fair
Iittle amount

oo
oo
oo
oo
oo

Very
Much muih

oo
oo
oo
oo
oo
o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Finallyr- I -ruuld ask that you provide me with your student number. f hasten to add
that this information will hot Ío be used to idèntify any personal details from your
student records or files , but rather to match your sêores bn this index with thoõe
on a second questionnaire wtrich will followin the near future.

Please indicate your student number
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MATH ATTITUDE INVENTORY

This survey is designed to gather datâ concerning your orientations to study in general,
and mathematics, in particular. Please answer the questions as cårefully as possible and
if you do not understand the meaning of statement, do not hesitate to seek clariflrcation.

AIso, could you indicate your sfudent number in the space provided below. This informa-
tion will only be used to match this portion of the study to the earlier section on mathe-
matics anxiety.

Student Number

L WHY ARE YOU HERE?

Rate how important each of the following statements were to your decision to enroll in
this statistics/methodolog¡r course.

Scale: 1234
Very Fairly Fairly

Unimportant Unimportant Undecided Important

1. It is a requirement for my degree/program
2. To improve my math skills
3. To improve my confidence in math
4. To meet job requirements
5. To improve my employment oppornrnities
6. Counsellors/instructors encouraged me to take

a math course
7. I am changing careers
8. I have taken this course previously, but I wanted

to improve my grade
9. Other: please specify

IL GENERAL LEARNING PREFERENCES AND PRACTICES

Rate how well each of the following statements describes you in
Iearnin g/study preferences:

Scale:

5
Very

Important

relation to your general

E
Very
Typical
Of Me

r2345
t2345
t23 4 5
r23 4 5
t2345
r23 4 5
r2345
r2345
1,2345

ABC
Not at all Not very Somewhat
Typical Typical Typical
OfMe OfMe OfMe

10. I chose my present courses largely with a view to the
job situation, rather than out of intrinsic interest to me.

11. I ñnd that at times studying gives me a feeling of deep
personal satisfaction.

12. I want top grades in most or all of my courses so that I
will be able to select from among the best positions
available when I graduate.

13. I think that browsing around is a waste of time, so I only
study seriously what is given out in the class.

D
Fairly

Typical
Of Me

AB CDE

ABCDE

ABCDE

ABCDE
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Scale:ABCDE
Not at all Not very Somewhat Fairly Very
Typical Typical Typical Typical Typical
Of Me Of Me Of Me Of Me Of Me

14. While I am studying, I often think of real life situations to
which the material that I am learning could apply. A B C D E

15" I summarize suggested readings and include these as part of
mynotesonatopic. A B C D E

16.I am discouraged by a poor mark on a test and worry about
how I will do on the next tesL A B C D E

17. While I realize that truth is forever changing, I feel compelled
to discover what appears to me to be the truth at the time. A B C D E

18. I have a strong desire to excel in all of my studies. A B C D E
19.I learn some things by rote, going over and over them until I

rememberthenbyhea¡r A B C D E
20.In reading new material, I often find that I am reminded of

things I have read./heard before and see them in a new light" A B C D E
2L.I ty to work consistently throughout the term and review

regularly when the exams are close. A B C D E
22. Whether I like it or not, I can see that further education is a

good way for me to get a well-paid or secure job. A B C D E
23.I feel that virn¡ally any topic can be highly interesting once I

gêtintoir A B C D E
24.I see myseif as basically an ambitious person and want to get

to the top in whatever I do. A B C D E
25" I tend to choose subjects with a lot of factual content rather

than theoretical kinds of courses. A B C D E
26.I find that I have to do enough work on a topic so that I can

form my own point of view before I am satisfied A B C D E
27.Iry to do all of my assignments as soon as possible after they

aregivenout A B C D E
28. Even when I have studied hard for a test, I worry that I may

not be able to do well. A B C D E
29. I find that srudying academic topics can at times be as exciting

asagoodnovelormovie. A B C D E
30. If I had to, I would be prepared to sacrifice immediate

populariry with my fellow students for success in my studies. A B C D E
31. I generally restrict my study to what is specifically set as I

think it is unnecessary to do anything extra- A B C D E
32.Ity to relate what I have learned in one subject to that

inanother. A B C D E
33. After a lecture or lab I reread my notes to make sure they

are legible and that I understand them" A B C D E
34. Lecturers should not expect students to spend signif,rcant

amounts of time studying material everyone knows will
notbeexamined- A B C D E

35.I usuaily become increasingly absorbed in my work as I go
along (that is, as I do more). A B C D E

36. One of the most important considerations in choosing a
course is whether or not I wiil be able to get top marks in ir A B C D E

37.I learn best from lectu¡ers who work from carefully prepared
notes and outline major points neatly on the blackboa¡d- A B C D E
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Scale: ABCD
Not at all Not verv Somewhat Fai¡lv
Typical Typical Typical Typicäl
OfMe OfMe OfMe OfMe

E
Very
Typical
Of Me

38.I find most new topics interesting and often spend extra time
trying to obtain more information about them. A B C D

39.I test myself on important topics until I understand
themcompleæly. A B C D

4O.I almost resent having to spend a further three or four
years studying after leaving school, but I feel that the end
results will make it all worthwhile. A B C D

41.I believe strongly that my main aim in life is to discover my
own philosophy/belief system and act strictly in accordance
withir A B C D

42.I see getting high grades as a kind of competitive game and I
playtowin. A B C D

43. I f,rnd it best to accept the statementVideas of my lecturers
and question them only under special ci¡cumstances. A B C D

44. I spend a lot of my free time finding out more about interesting
topics which have been discussed in different classes. A B C D

45. I make a point of looking at mosr of the suggested readings that
gowithlectures. A B C D

46. I am at college/university mainly because I wilt be able to find
a better job if I have some form of qualification/degree. A B C D

47.My studies have changed my views about such things as politics,
religion and my philosophy of life. A B C D

48. I believe that society is based on comþetition a¡rd schoois /
universities should reflect this. A B C D

49. I am very aware that lecturers know a lot more than I do and
so I concentrate on what they say is important, rather than rely
on my own judgemenl A B C D

50, I try to relate new material, as I am reading it, to what I already
know about the topic. A B C D

51. I keep neat, well-organized notes for most subjects. A B C D
52. I must understand why something is imporunt before I can

learnir A B C D
53. I like to experiment and learn by trial and error. A B C D
54. I am very interested in new ideas if they are useful. A B C D
55. I learn best when I study by mysetf. A B C D
56. I usually read my textbooks as part of the study process for

all of my courses. A B C D

IIL MATHBMATICS LEARNING PREFERENCES

Rate how well each of the following statements describes you in relation to your
mathematics learning/stuay preferences.

57. I get bored when a math professor includes all the detailed
steps when explaining a marh problem. A B C D

58. I learn math more easily when I work wirh a study parrner. A B C D
59. I enjoy working in a group to solve difficult problems. A B C D
60. I need to learn how to take good math notes A B C D

E

E

E

E

E

E

E

E

E

E

E

E
E

E
E
E
E

E
E
E
E
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ABCDE
Not at all Not very Somewhat Fairty Very
Typt.ul fWic_at Typicat Tl,picâl Typiäal
Of Me Of Me Of Me OfMe ói tute

61. I learn best when I see the professor do examples on the
board-

62.It helps me when the professor provides an opportunity
to practice new concepts in class.

63. My learning would improve if I had the opportunity to
master one unit or technique before moving on to the next

64.I often do other things instead of completing my math
homework.

65. I find math assignments more time consuming than
homework on other subjects.

66. I find the explanations in my math rextbook(s) helpful.
67" I can learn math if I have help when I get stuck. ^

68. I can learn math if I spend time working out the
problems"

69. When I have difficulry understanding math l find hetp.
70. I can understand math if I have a good teacher.

tV. YOUR MATH REFLEX

Rate how well each of the foltowing statements describes you.

71. I get shaky and feel uncomfortabie when atrempring marh
problems.

72.I worry that I will fail marh courses.
73-r get discouraged because algebra does not make sense ro me.
74.I rarcLy get nervous taking tests in any of my courses.
75.r get more nervous taking math tests than any other tests.
76. I can do my math homework, but I get nervoüs and

confused when I take the tesl
77. I take advantage of opportunities to use math.
78. I do not like to studv math.
79. I feel quite conf,rdent and secure about my abilry to

do algebra.
80. I do not know how to studv math.
81. Algebra frightens me.
82. I dislike working with numbers.

V. EFF'ECTS OF VARIOUS FACTORS ON PERFORMANCE

Rate how important you belÍeve each of the following is in your success in this course.

Scale:

ABCDE
ABCDE
ABCDE
ABCDE

ABCDE

ABCDE

ABCDE
ABCDE
ABCDE
A.BCDE
ABCDE
ABCDE

ABCDE
ABCDE
ABCDE
ABCDE
ABCDE

ABCDE
ABCDE
ABCDE
ABCDE

L2345
__ Yrty Fairly Fairly Very
unimportant unimportantundecided Imporiant Important

83. Attending math class.
84. Reading rhe marVstatisúcs rextbook
85. Computarional skills (adding, multiplying, etc.).
86. Using a calculator.

12345
r 23 4 5
12345
12345
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Scale: 1

Very
Unimportant

87. Style of instruction.
88. Helpfulness of professor.
89. Encou¡agement of friends.
90. Tutorial/lab support ourside of class.
91. Writing down all steps on assigned problems in an

organized way.
92. Encouragement of family.
93. Completing homework assignments on time.
94. Practice tests.

VI. ATTTTUDES TOWARDS MÄTHEMATTCS

Rate the degree to wtrich you agree with each of the following statements.

Scale: SAAUDSD
Strongly Strongly
Agree Agree Undecided Disagree ' Disagree

I enjoy going beyond the assigned work and trying to solve
new problems in mathematics. SA A U
Mathematics is enjoyable and stimulating ro me. SA A U
Mathematics makes me feel uneasy and confused. SA A U
I am interested and willing to use mathematics outside
school and on the job. SA A U D99. I have never liked mathematics and it is mv most dreaded'subject. SA A U D

100. I would like to develop my mathematical skills and. study
this subjecr more. SA A U

101. ,Mathematics makes me feel uncomfortable and nervous. sA A u
102. Mathematics is dull and boring because it leaves no room

for personal opinion. SA A U
103. I like mathematics because there is always a correct answer. sA A u
LM. Mathematics has contributed gearly ro science and. other

fields of knowledge. SA A U
105. Mathematics is less important to people than a¡t or

2345
Fairly Fairty Very

Unimportant Undecided Important Important

r2345
r2345
12345
12345
I2 3 4 5
t2345
12345
t23 4 5

DSD
DSD
DSD

95.

96.
97.
98.

DSD
DSD

DSD
DSD

SAAUDSD
SAAUDSD
SAAUDSD
SAAUDSD

SD

SD

SD

SD

SD

SD

DSD

106.

t07.
108.

literature.
Mathematics is not important for the advancement of
civilization and sociew.
All students should bó required to take mathematics.
Mathematics helps to develop a person's mind and teaches
him/her to think.

109. Mathematics is needed in everydav life.
110. There is nothing crearive aboui mâthemarics; it is just

memorizing formulas and procedures.

SAAUDSD

SAA UD
111. The work force of the future musr be flexible and

capableoflifelonglearning. SAA UD
112. Mathematics is an increasinglyvital tool for survival

in a technologicat society. SA A U D
113. Mathematics involves experiments, verification and

research which looks for patterns and connections. sA A u D
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Scale:SAAUDSD
Strongly Strongly
Agree Agree Undecided Disagree Disagree

114. Women are as capable in mathematics as men.
115. I would rather memorize a list of things than try to solve

a problem.
116. I have trouble with some of the terms and svmbols in

mathematics.

VIL BACKGROUND INFORMÄTION

Choose the most appropriate answer(s) for each of the following questions

117. Which of the following types of formal education have you experienced.?
(Indicate as many as apply.)

a)less than grade 12 matriculation:
specify grade leve[

b)grade twelve/high school diploma
c) G.E.D.
d)Community college/technical school:

please specify
e) Some university
f) University degree: please specify
g) Other: please specify

118. What was the last math class you took in high school?
(Please specify name and number if possible.)

119. If your most recent math class has been completed in university, please
indicate the name and number below.

170. How long has it been since you last enrolled in a math class/course?

a) winter, spring or summer session of 1991
b) 1 to 2 years ago
c) 3 to 4 years ago
d) 5 to 9 years ago
e) 10 or more years ago: please specify

l2t. How long has it been since you were en¡olled in school (high school or
college/university)?

a) winter, spring or summer session of 1991
b) 1 to 2 years ago
c) 3 to 4 years ago
d) 5 ¡o 9 years ago
e) 10 or more years ago: please specify

SAAUDSD
SAAUDSD
SAAUDSD
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122. }Jow many credit hours have you successfully completed as of the end of summer
session, 1991?

a) 24 credtt hours or less
b) 25 to 54 crcdit hours
c) 55 to 90 credit hours
d) more than 90 credit hours

123. What is your approximate cumulativeG.P.A.?

a) less than 2.0
b) 2.0 to 2.45
c) 2.5 to2.95
d) 3.0 to 3.45
e) 3.5 or greater

124. How many credit hours are you enrolled in for this term (between September
and December of 1991X

a) 3 credit hours (or 1 course)
b) 6 to 9 credit hours (2 to 3 courses)
c) more than 9 credit hours (4 or more courses)

I25. In which facutty/degree/program are you currently registered or intending to
register?

a) Arts
b) Science
c) Nursing @.ScN)
d) Nursing (R.N/R.P.N.)
c) General Studies
d) Education
e) Music
Ð Other: please specify

126. What is(are) your major(s) and minor(s)?

Major(s) Minor(s)

127. What is your gender?

a) Femaie
b) Male



Appendix -B-

Table 1. Comparison of Pearson's r and Spearmon's rho for Selected Items from
Respective Correlation Matrices of the MARS.

MARS1 w/ MARS23
MARS1 w/ MARS1S
MARS2 wi MARS32
MARS3 w/ MARSl9
MARS4 \¡// MARS33
MARS5 w/ MARS24
MARST w/ MARS29
MARST w/ MARS38
MARS9 w/ MARS32
MARS1O w/ MARS26
MARS12 w/ MARS22
MARS 13 wl MARS29
MARSl4 w/ MARS38
MARS15 w/ MARS17
MARS16 w/ MARS32
MARSl7 w/ MARS22
MARSl8 W MARS42
MARS19 w/ MARS25
MARS2O w/ MARS32
MARS21 w/ MARS37
MARS23 w/ MARS27
MARS23 w/ MARS34
MARS24 w/ MARS29
MARS25 w/ MARS34
MARS26 wi MARS4O
MARS27 w/ MARS3O
MARS28 wi MARS36
MARS29 w/ MARS42
MARS3O W MARS35
MARS3l w/ MARS39
MARS34 wi MARS38
MARS35 W MARS42
MARS36 w/ MARS39
MARS37 wi MARS43
MARS39 w/ MARS42
MARS46 \¡// MARS35

.1818

.4r72

.2305

.2985

.2821

.5368

.3030

.3244

.3527

.3388

.3930

.3669

.3547

.2231

.1475

.394r

.2585

.5412

.3772

.2706

.2773

.5548

.1831

.4386

.3036

.3755

.2384

.2092

.5363

.4397

.3106

.4684

.3s50

.1586

.s866

.4020

.r195

.3519

.2297

.2942

.2517

.4376

.3095

.3543

.3664

.2948

.3967

.3784

.3362

.2873

.t707

.3832

.3243

.4143

.378s

.2918

.26t3

.s452

.2t82

.4070

.2746

.3683

.2256

.2734

.4589

.4380

.4280

.4690

.3170

.1744

.5861

.3998

.0623

.1193

.0008

.0043

.0304

.0992
-.0065
-.0299
-.0137

.0440
-.0037
-.0115

.0185
-.0642
-.0232

.0109
-.0658

.1269
-.0013
-.0212

.0160

.0096
-.0351

.0316

.0290

.0072

.0128
-.0642
.0774
.0017

-.1t74
-.0006

.0380
- .0158

.000s

.0022
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MARS5I w/ MARS34
MARS51 w/ MARS38
MARS53 \¡// MARS36
MARS57 w/ MARS35
MARS61 w/ MARS6
MARS63 w/ MARS34
MARS67 w/ MARS27
MARS7l w/ MARS16
MARS75 w/ MARS44
MARS77 w/ MARS45
MARS78 w/ MARS6
MARSSO w/ MARS34
MARSSO w/ MARS73
MARSSO w/ MARS56

.r6t3

.4033

.1079

.4703

.t422

.2465

.3026

.2r67

.3444

.5210

.1328

.2732

.3267

.4031

.r7t8

.4284

.t203

.47t6

.1447

.2434

.3083

.1698

.4033

.5315

.24r4

.2664

.3679

.3971

-.0105
-.0251
-.0124
-.0013
-.0025

.0031
-.0057

.0469
-.0s89
-.0105
-.1086

.0068
-.0412

.0006

Table 2. comparison of Peørson's r and spearman,s rho for selected ltems from
Respective Correlation Matrices of Variables Representing Enjoyment of Mathematics.

Atr95 wl Att9g
An95 w/ Anl15
/ifi96 w/ An100
4t196 wl AftI}2
Att97 wi Att100
Att97 w/ An98
An98 w/ An100
Att98 wl AttIlí
Att99 wl Att102
Attl01 wi Att103
Attl01 wl Attllí
Atr103 w/ Anl15

.3548

.2212

.s3s9

.7073

.3433

.5240

.3994

.4t52

.5395

.4386

.6324

.3r93

.3687

.2t03

.5679

.6940

.3576

.s360

.4528

.4223

.5427

.4399

.6449

.3293

-.0139
.0109

-.0320
.0133

-.0t43
-.0120
-.0534
-.0071
-.0032
-.0013
-.0125
-.0100

t7l



Table 3. comparison of Pearson's r and spearman,s rho for selected ltems from
Respective Correlation Matrices of Variables Representing Value of Mothematics.

Atrl04 w/ Atrl06
Attl}4 wi Attl08
4n104 w/ Anl11
4n105 ø Anl08
4n105 w/ Anl13
4n106 wi Anl10
Attl}7 wl Attttz
4n108 w/ Anl09
4n110 w/ Anl11
Attl10 wl Attll3

.4344

.3581

.2767

.3480

.1603

.20t5

.r972

.5152

.0404

.3127

.2997

.3009

.3328
3264
.1572
.1520
.2418
.4079
.1 087
.3075

.1347

.0572
-.0s61

.0216

.0031

.0495
-.0446
.1073

-.0683
.0052

t72



Table 4. Pearson Correlation Matrix for Females.

Variables

Math Background
Recency
M. Enjoyment
General M. Value
Creative M. Value
General Evaluation
Math Course
Everyday Application
Comprehension
M. Problem-Solving
Observation

\ì(¡)

1.000 -.382**
1.000

* Significarft af the .05 level
** Significant at the .01 level

.369*x .035

.404** -.012
1.000 .000

1.000

.100

.T74

.000

.000
1.000

-.273**
.191

-.460**
-.106

.029
1.000

-.472** .131

.21,3* -.157
_ .288+* .219*
- .111 - .097
-.020 .167
.000 .000

1.000 .000
1.000

-.320**
.319* *

- .314r*
.r34
.078
.000
.000

.000
1.000

10

-.104 .083

.0s9 .073
-.287*+ -.166
-.078 -.119
- .272* -.059
.000 .000

.000 .000

.000 .000

.000 .000

1.000 .000

1.000



Table 5. Pearson Corcelation Matrix for Males.

Variables

Math Background i.000
Recency
M. Enjoyment
General M. Value
Societal M. Value
Math Course
General Evaluation
Everyday Application
Everyday Competence
Social Responsibility
Everyday Problem-Solving
Academic Problem-Solvins
Observation

!Þ

.006 .140 .057 - .060
1.000 -.358** .076 .092

1.000 .000 .000
1.000 .000

1.000

* Significant atthe .05 level
** Significarttatthe .01 level

.042 - .008

.039 .097
- .209 - .253*
- .304* - .155
-.338*+.061
1.000 .000

1.000

.120 .109
- .074 - .068
- .124 - .t24
.153 -.141

- .085 - .227
.000 .000
.000 .000

1.000 .000
1.000

10

- .169 .02r
- .060 - .078
- .282* .2gg*
.024 - .034
.058 - .123
.000 .000
.000 .000
.000 .000
.000 .000

1.000 .000
1.000

T2

- .001 .119
.030 - .0s7

- .208 - .101

.004 - .070
- .130 - .100

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

1.000 .000
1.000

13


