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.. 

ABSTRACT .. 

The purpose of this study was to examine the 

relationship between the attitudes of high school students 

toward mathematics and· their achievement in mathematics. 

Also examined were the variables of the stUdents curriculum 

track, sex and ethnicity. 

students' attitudes were measured through the Fennema-

Sherman Mathematics Attitudes Scales (MAS), attitude tests 
" 

given to the students in 19 high school mathematics 

classes. The sample consisted of 40 students, with 

equitable representation between the sexes and distributed 

proportionally throughout the three curriculum tracks. They 

represented all four high school grades and were enrolled in 

the various mathematics classes offered at the school·. The 

measure for achievement was the Stanford Achievement Test. 

These scores along with the ethnicity of the students was 

obtained by the researcher from student record files. 

The data treatment confirmed the appropriateness of the 

instruments used through reliability and validity test~. 
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· ... .. 

Findings included significant differences between attitude 

and achievement in mathematics as well as s~ne significant 

differences among curriculum tracks and between sexes and 

ethnic categories. 

Th~ study's most significant relationship demonstrated 

that confidence in learning or a positive self-concept 

results in higher achievement in mathematics. '1'his 

confidence in learning was not reflected similarly 

throughout all curriculum tracks, so to the degree that 

counseling and teacher support can bolster confidence, 

especially in lower track students, mathematics achievement 

may be enhanced. Also, the study indicates that teachers 

play a significant role in attitude development, and 

consequently, achievement. Further, the study showed that 

perceptions of mathematics as a male domain differed 

significalltLy between sexes, ethnic groups and curriculwn 

tracks. An unexpected finding was that males showed higher 

levels of mathematics anxiety than females, contrary to 

previous research findings. 

Future research, according to the study, is warranted 

in attitudes and achievement in higher trAr.k students with 

further examination of gender and ethnic differences. 

,Addi tionally, it would be beneficial for future 

investigations to use different measures of attitude and 

achievement. 

viii 



Chapter One 

Introduction 

Arithmetic is where numbers fly like pigeons 
in and out of your head. 

Arithmetic is numbers you squeeze from your 
head to your hand to your pencil to your paper 
till you get the answer. 

Arithmetic is where the answer is right and 
everything is nice and you can look out of the 
window and see the blue sky - - - or the answer is 
wrong and you have to start allover and try 
again and see how it comes out this time . 

ARITHMETIC 
Carl Sandberg 

Carl Sandberg's verse reflects the lighter side of a 

serious problem in American education: negative attitudes 

toward one's ability to learn mathematics. These attitudes 

often are born out of past experiences in mathematics 

education that result in feelings of confusion or 

embarrassment. Just when this anxiety begins varies with 

each individual and may not even be a conscious memory. It 

may originate from a traumatic incident in a mathematics 

classroom, perhaps at the chalkboard, in an oral recitation, 

a timed test, or other involvement in which mathematics is 

associated with feeling inadequate, lost and helpless. This 

discomfort with mathematics acquired early in school can 

develop into a syndrome of anxiety and avoidance by the time 

1 
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one has graduated and gone to work (Tobias, 1978). 

Although there are those who successfully work through 

the mental and emotional frustrations of learning 

mathematics, many others are limited in their achievement by 

their attitudes toward mathematics. 

Studies and programs in math education have 
shown that succeeding with math problems is more 
often determined by one's attitude and feelings 
toward the subject than any innate aptitude for 
math (Crawford,1980). 

More than ever before in American education, today 

those who are limited in mathematics skills suffer. 

Knowledge of mathematics is required across all levels of 

the workforce. Sheila Tobias (Tobias, 1987) stresses that 

mathematics is no longer just an entry level prerequisite 

for engineering, the physical sciences and statistics. "Its 

principles and techniques have become part .of almost all 

areas of work; and its logic is used in thinking about 

almost anything" (p. 4, 1987). 

The gravity of this problem is underscored by the 

changing nature of the workplace, a change that will require 

greater proficiency in mathematics at all levels. 

A Pratt & Whitney plant in Columbus, Georgia, 
produces aircraft engine parts totally under 
computer control. In addition, about 50 robots 
play major roles in the plant in the automatic 
inspection of parts and in parts-transfer 
operations. 
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Clearly, this is not traditional 
manufacturing with traditional manufacturing 
employees. While this operation will not 
necessarily require a college level engineering 
background, it will require people with the 
electronic literacy necessary to keep this highly 
automated facility operating and its equipment 
serviced. There will be a great need for these 
types of technicians, as well as for engineering 
college graduateG, as more and more companies 
automate their operations (Missimer, 1984). 

The labor force steadily is losing its traditional 

manufacturing base and is being replaced by jobs in computer 

and computer-related fields. ~he next two decades will see a 

drop in traditional Joanufacturing employment from 21 percent 

to less than 10 percent (Missimer, 1984). 

Even traditional "bluecollar" occupations have 

mathematics proficiency requirements that range from basic 

arithmetic to more technical mathematics and ~roblem 

solving. A major electric power company requires that their 

line construction employees and electr0nics technicians pass 

a mathematics test covering fundamentals through basic 

algebra (Nultemeier, 1987). 

At the same time the need for mathematics proficiency 

has increased in the workplace, public school districts have 

required more mathematics courses for graduation. A state by 

state survey in 1980 showed that 35 states required only one 

year of mathematics for a diploma (Nation at Risk, 1983). 

Mary Kay corbitt, editor of Results from the Second 
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Mathematics Assessment of the NAEP in 1981 suggested: "If we 

are going to improve the national performance of high school 

graduates significantly, we must ensure that they continue 

to take mathematics throughout their high school program," 

(Corbitt, p. 149, 1981). The National Commission on 

Excellence in Education recommended in 1983 that all 

students seeking a high school diploma be required to take 

three years of both mathematics and science (Nation at Risk, 

1983). Since then, mathematics requirements for graduation 

have been increased in 42 states; in 26 states from one to 

two years, in six states from two to three years, in two 

states from one to three years, and eight states have 

requirements for the first time (Pipho, 1986). 

On the university level, remedial mathematics courses 

increased by 72 percent between 1975 and 1980, and now 

constitute about one-quarter of all mathematics courses 

taught at these institutions (Nation at Risk, 1983). The 

economic and psychological costs of this remediation are 

very high, and the success rates are low. Most two-year 

colleges and many comprehensive universities are being 

forced to reteach junior high and high school mathematics to 

large numbers of entering students. The skill diversity of 

these entering students produces stress on college 

departments. University professors of mathematics feel that 
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they should not have to spend their time and effort 

reviewing the basics fo"r students coming out of high school 

unprepared to take college level courses (Steen, 1986). 

The Scholastic Aptitude Test is an indicator of 

mathematics achievement on the national level. Although the 

average mathematics scores on the SAT show a slight increase 

(up 9 points since 1981), they remain almost 30 points below 

their highest level in 1963 (The College Board National 

Report, 1986). Clearly, our nation is underachieving. 

Some educators attribute the slight increase in SAT 

scores to changes in mathematics curriculum, but this 

explanation may be too simple and might suggest an easy 

solution that is not to be found (Howe, 1985). George 

Hanford, President of the College Board, called the increase 

"encouraging," but stated that after a seventeen-year 

decline, the rise gives little reason for complacency about 

educational quality in the United States. He also pointed 

out that the SAT measures reasoning skills that develop over 

many years, so recent curricular changes would not be 

reflected in the scores (Biemiller, 1984). 

Even those outside the workforce need a mastery of 

fUndamental mathematics skills. In the course of daily 

living, facility in mathematics aids in such household 

management tasks as budgeting, calculating taxes and. 



6 

gratuities, interpreting utility bills, understanding 

newspaper charts and graphs, working with measurements and 

everyday problem solving (Crawford, 1984). 

Underachievf3ment in mathematics hurts not only 

individuals but also our nation. Coupled with the changing 

nature of the labor force is the problem of insufficient 

numbers of professionals trained in engineering and science, 

disciplines requiring solid math backgrounds. Major 

industrial nations competing with the United States in the 

world market have two to three times as many scientists and 

engineers in the workforce (UNESCO Statistical Digest, 

1986). 

In Japan, 20 percent of all baccalaureates and 40 

percent of all masters degrees were granted to engineers 

compared with about 5 percent at each level in the United 

States (Gregory, 1984). Moreover, Japanese students normally 

have more mathematics by the ninth grade than do most u.S. 

high school graduates. Calculus, probability, and 

statistics are taught in high school in Japan, while half of 

all United States high school students take no mathematics 

at all after the tenth grade (Gregory, 1984). 

Understanding the problem of mathematics 

underachievement and developing successful educational 

strategit.;;:_~ to meet the problem requires an appreciation of 
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demographic changes over the past 25 years. Students taking 

SAT tests and going on to college today include more women 

and minorities compared to the high-achieving students 25 

years ago. 

Both women and minorities have made substantial 

increases in numbers of college students, graduates and 

professionals. In 1970 women were awarded 41 percent of all 

baccalaureate degrees while minorities received less than 1 

percent. By 1982 women received just over half of all 

baccalaureate degrees and minorities received nearly 10 

percent (Monthly Labor Review, 1985). 

Sheila Tobias notes that these new entrants into higher 

education and the professions more commonly experience math 

anxiety. 

I have interviewed hundreds of "math anxious" 
college students. They can all remember the moment 
when they began to doubt that they had what it 
takes to learn math. In some cases, it was because 
someone told them girls don't do math, or blacks 
don't become engineers (Tobias, 1987). 

Math underachievement is rooted in part by attitudes 

which inhibit learning. Discovering the relationships 

between attitudes and mathematics achievement throughout all 

curriculwlt tracks can provide valuable insight into 

curriculum design, teacher training and parental support. 

Discovering how attitudes affect achievement among women and 

minorities, the new entrants into higher education and the 
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can provide further insight professions, 

development 

strategies. 

of successful teaching and 

into the 

counseling 

Rationale 

Most students enrolled in a comprehensive high school 

in the United States today choose to be in one of three 

mathematics curriculum tracks. They do so under the guidance 

of parents, teachers, and school counselors. 

Recognition of the increased impor~ance of mathematics 

in the future of all students implies a need for further 

study of the obstacles to learning relative to students in 

all three curriculum tracks, especially women and 

minorities. This study differs from other research on the 

subject in that the students' curriculum tracks are taken 

into consideration. Pamela Byrd suggested that "further 

research (related to math anxiety) is needed including a 

closer and more comprehensive examination of possible 

antecedents" (Byrd, lSa2). Clearly, the relationship between 

mathematics attitudes held by students in the three 

curriculum tracks and mathematics 

study. 

achievement warrants 

The debate on how mathematics achievement is affected 
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by attitudes toward mathematics is still very much alive. 

Constance Holden (1987) wrote recently that "it remains a 

matter of debate whether observed sex differences in math 

and science achievement are 

speculating that perhaps " 

explained by differential 

unmeasured (p. 661, 1987). 

significant." She continued by 

. the discrepancies can be 

course-taking or by factors yet 

Examining the antecedents of curriculum track, sex, and 

ethnicity will provide a valuable measure of the 

relationship between mathematics attitude and achievement. 

Statement of the Problem 

This study will examine the relationship between 

attitudes of high school students toward mathematics and 

their achievement in mathematics. Further, the academic 

variable of curriculum track as well as the personal 

variables of sex and race/ethnicity will be examined. 

Research Questions 

The following questions will provide guidance for the 

study. 

1. Is there a relationship between mathematics 

attitude and mathematics achievement among high school 
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students? 

2. Is there a difference in mathematics attitude and 

mathematics achievement across the three curriculum tracks? 

3. Is there a difference in mathematics attitude and 

mathematics achievement between males and females? 

4. Is there a difference in mathematics attitude and 

mathematics achievement across different ethnic groups? 

Assumptions 

For the purposes of this study, the following 

assumptions will be made: 

1. The sample is representative of the national student 

population. 

2. The students in the sample will provide honest 

responses to the questionnaire. 

3. The Fennema-Sherman Mathematics Attitudes Scales are 

a valid and reliable measure of mathematics attitudes. 

4. The school records from which the achievement test 

scores, seXf and race/ethnicity data will be obtained are 

accurate and complete. 

Limitations 

1. The sample will be drawn from one moderate-sized 

high school in southern Arizona. 
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2. The report of race/ethnicity will be restricted to 

the existing school records. 

3. The sample will be restricted to the students in 19 

mathematics classes of 

approximately a third 

varying 

of the 

levels which represents 

students enrolled in 

mathematics courses in the particular school. 

Definition of Terms 

The following terms are defined for this study: 

1. Curriculum Track I the two-year non-algebra 

sequence of courses taken by students who do not plan to 

attend college and are satisfying the requirements for 

graduation from high school. These courses include general 

mathematics, consumer mathematics, technical mathematics, 

etc. 

2. Curriculum Track II - the three-year regular college 

prep sequence of courses taken by students who plan to go on 

to college or junior college, but who do not plan majors in 

mathematics or science-related areas. These courses include 

pre-algebra, algebra I, geometry, and algebra II. 

3. Curriculum Track III the four-year, advanced 

college prep sequence of courses taken by students who plan 

college majors in mathematics or science-related fields. 

These courses include the same courses as in Curricul~ 
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Track II with the addition of the most advanced courses such 

as analysis, trigonometry, statistics and calculus. 

4. Math AnXiety - the feelings of tension, anxiety or 

panic that interfere with mathematics computation, 

understanding of mathematics concepts and solving 

mathematics problems in a variety of academic and orctin~ry 

life situations. 

5. Math Avoidance - the evading of mathematics whenever 

possible whether in academic or daily life situations. 

6. Math Attitude - the feelings about mathematics and 

the feelings about oneself as a learner of mathematics. 

7. Spatial Visualization the ability to develop 

mental pictures and manipulate mental pictures of geometric 

shapes. 



Chapter Two 

Review of the Literature 

The review of the literature includes research in five 

sections. The first section reviews some of the major 

research related to math anxiety. The second section 

analyzes the relationship between attitudes and achievement, 

specifically in mathematics. The third and fourth sections 

discusses sex and ethnicity differences and their influence 

on math-related achievement. The final section examines the 

practice of tracking in mathematics curricula. 

Over 

educators 

inhibit 

Math Anxiety 

the past several decades, many researchers and 

have investigated attitudes and fears which 

the learning of mathematics. Gough (1954) found 

that pronounced fears in the presence of arithmetic and 

other negative attitudes toward mathematics could be 

explained by the result of certain experiences specific to 

the learning of mathematics. The manner in which significant 

others, such as teachers and parents, 

mathematics is a primary determinant 

toward the subject. 

instruct children in 

of their attitudes 

Aiken (1961) found that mathematics attitude scores 

13 
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made a significant contribution to the prediction of final 

grades in math courses and that math attitudes are 

positively correlated with numerical ability. Anecdotal 

accounts suggest that the onset of anxiety can occur as 

early as the third grade and as late as graduate school or 

beyond. Early adolescent years are particularly critical 

because that is the point at which mathematics becomes more 

abstract. 

Sells (1972) stated that the significance of 

mathematics avoidance is evidenced not only from the math 

dropouts in high school, but also in the narrowed 

occupational alternatives. Mathematics is clearly a 

vocational filter. People who are steered away from 

mathematics early in their career have their options 

severely restricted later. 

Mathematics is not only a vocational filter for college 

graduates. It has been estimated that knowledge of 

elementary algebra and geometry alone may make a difference 

of up to 25 percent in scores on entry level tests for civil 

service and industrial jobs. 

Suinn and Richardson (1972) reported that mathematics 

anxiety exists among many individuals who do not ordinarily 

suffer from any other tensions. This anxiety may prevent 

students from passing fundamental courses in mathematics 
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that, but for their apprehension, they would have been able 

to pass. This anxiety also may prevent the student from 

pursuing advanced courses in mathematics or related fields. 

Some of the early participants in math anxiety treatment 

were graduate students who had difficulty with the small but 

significant amount of mathematics in their area of 

specialization such as zoology or business. Suinn and 

Richardson (1972) stated also that among non-students math 

anxiety may be a contributor to tension during the routine 

of everyday life activities such as handling 

money, evaluating sales prices, or formulating work 

schedules. 

Betz (1978) found that math anxiety occurs frequently 

among college students and is more likely to occur among 

women than men, and among students with inadequate math 

backgrounds in high school. She also found that math anx~ety 

was negatively related to achievement test scores in 

mathematics. In addition, she said that evidence of a high 

incidence of math anxiety among college students could be 

found in the fact that most colleges and universities 

require a basic remedial mathematics course of all their 

students. Today more and more students lacking in basic math 

proficiency are going to college. For those who plan majors 

or careers that require an extensive math background, the 
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anxiety may playa larger part. Brush (1978) documented in 

her research that physical science majors are the least 

anxious concerning mathematical situations, followed by 

social science majors and finally by humanities majors, as a 

result of taking fewer math courses. 

Math anxiety is sometimes called mathphobia because 

some of its characteristics are similar to those of other 

phobias. The fear, tension, even nausea experienced by the 

claustrophobic or acrophobic victim is very much like the 

helplessness felt by many people when involved in math

related tasks (Crawford 1980). 

These people are prone to panic at the sight of a math

related question. Percentages and ratios baffle them, and 

the mere thought of subjects like trigonometry or calculus 

is terrifying. Extreme anxieties such as these prevent 

people from thinking clearly or even taking the first step 

toward solving their problem. 

For some, the anxiety 

consist of vague feelings of 

may not be as severe. It may 

self-doubt concerning their 

abilities in mathematics and any success in this area may be 

attributed to luck or other external cause. The frustrations 

associated with the inability to do math are compounded by 

the fact that one is forced to rely on others for various 

daily tasks. This just adds to an already poor self image 



17 

and increases the self-defeating attitude toward 

mathematics (Crawford, 1980)0 

Resnick (1982) suggested that the results of his study 

support previous findings that math anxiety is not limited 

to females, but is a phenomenon found extensively among 

students who are not adequately prepared in mathematics. 

Math anxiety appears to be related to academic orientation 

and math interest, according to Resnick. Those students who 

consider themselves to be more academic and interested in 

mathematics are more likely to have lower levels of anxiety. 

Silverblank (1972) found that high school students who 

are talented in mathematics tend to be less sociable than 

those with natural abilities in English or social studies. 

The recognition of math anxiety as a widespread problem 

led to the development of intervention strategies. One of 

the original architects of the math anxiety intervention 

movement came upon the notion and problem of math anxiety 

from a social science background. Sheila Tobias, while an 

associate provost at an elite men's college that had just 

become co-educational, became concerned that women and 

members of minority groups were avoiding the study of 

mathematics at a great personal disadvantage. In reviewing 

student transcripts, she discovered a trend of math 

avoidance in course selection among bright young women and 
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minority men who, by choice, were opting themselves out of 

three-fourths of the college's majors and eventually 

limiting their. career mobility. She then interviewed the 

mathematics faculty and the students in the math-avoiding 

category. The math professors explained the phenomenon by 

saying that the students were either too "dwnb" or" too lazy 

or just did not have a mathematical mind. The students' 

interviews provided the real insight. They too assumed that 

they did not have the mathematical mind necessary for 

college level work. They repeated causes for their anxiety 

involving early school trauma. They felt exposed and 

ignorant in front of their classmates. Many had difficulty 

coping with time pressure. Many of the young women thought 

that mathematics was a male domain and their gender would 

help to explain their less than adequate performance in 

mathematics. While these students did not lack the cognitive 

ability themselves, they had little sense that this subject 

was open to their intellectual control. In the environment 

at the time of the 1976 Tobias interviews, lay people and 

math instructors alike believed that students had to have a 

special talent, one not generally distributed over the 

population to do even elementary college level math. Tobias 

argued that it is better to believe ourselves to be 

"anxious" or "traumatized" than "dumb." At least something 
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can be done about the emotional static that intrudes upon 

our concentration. Reformulating the problem as one of 

anxiety instead of incompetence was the first step toward a 

solution (Tobias, 1987). 

Auslander (1977) found success in intervention 

strategies aimed at reducing math anxiety. She studied the 

effects of a math anxiety clinic on students' math 

attitudes. Before the clinic, there were significant sex 

differences in the levels of anxiety, 

average more anxious than men. Upon 

with women being on 

completion of the 

course, the students' differences 

related to gender. This was due to 

in math anxiety. were not 

a rear ked decrease in 

anxiety for the women with very little change in the men. 

Auslander concluded that placing more emphasis on the 

atmosphere in the mathematics classroom even at the expense 

of covering less material, facilitates the changing of 

attitudes and the lessening of anxieties that interfere with 

learning (Auslander, 1977). 

Much of 

Attitudes and Achievement 

the literature related 

achievement has its base in attribution 

to attitudes and 

theory. Attribution 

theory, an "investigation of common sense psychology," 
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according to its acknowledged founder, Fritz Heider, 

focuses attention on the human drive to understand why 

things happen. Man's ability to survive is related to 

understanding 

environment. 

environment 

and, therefore, having control 

The drive to understand the 

produces affects or feelings 

over his 

surrounding 

based on 

perceptions or understandings of causal relationships. 

As Heider arq~ed, finding. sand on one's desk is likely to 

begin a thought process that goes beyond the mere 

irritation of a gritty desk. The sand, like most information 

with which we are presented, is but a symptom of other 

forces at work. There must be a cause for the sand on the 

desk such as a crack in the roof or other problem. The 

search to find causal relationships, then, guides much of 

the reasoning that is at the root of human behavior (Heider, 

1958). 

Heider, like most motivational psychologists, 

maintained that human behavior serves to maximize pleasure 

and minimize pain; however, most behavior is influenced by 

emotional affects rooted in perceived understandings of 

causal relationships. Several attribution theorists have 

looked at causal relationships as explanations for the way 

people behave and learn. 

Bernard Weiner (1972) studied the relationship between 
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the locus and the attribution of cause and the ensuing 

feelings or emotions that result, and found common outcomes 

or feelings related to the causes for success and failure. 

Weiner was one of the first to link attibution of cause to 

the development of lasting feelings or emotions, an idea 

that forms the basis for much math anxiety theory. He found 

that specific emotions are linked to whether success or 

failure is perceived to be internally caused (i.e. related 

to ability or effort) or externally caused (i.e. related to 

others or luck). Table I shows the relations between causal 

attributions and feelings and the relations between the 

locus of causality and feelings (Weiner, 1972). 



Table 1. 

Relations Between Causal Attributions and Feelings 

ATTRIBUTION OUTCOME 

*Success *Failure 

Ability confidence incompetence 
competence 

Effort relaxation guilt (shame) 

Others/Difficulty gratitude anger 

Luck surprise surprise 

Relations Between Locus of Causality and Feelings 

LOCUS 

Internal 

External 

OUTCOME 

i'rSuccess 

pride 
confidence 
competence 
satisfaction 

grateful 
thankful 

*Failure 

guilt 

anger 
surprise 

22 
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The internal/external or locus of causality dimension 

indicates whether the cause is controlled within the person 

or outside the person. Ability is internal since it is 

determined within the individual. Success related to ability 

results in feelings of confidence and competence; failure 

related to ability results in feelings of incompetence. 

External causes of success or failure are such things as the 

quality of the instructor or the difficulty of the problems 

on a class assignment. Success related to external causes 

results in feelings of gratitude whereas failure results in 

feelings of anger. Success due to effort results in feelings 

of relaxation, while failure results in guilt and shame. 

Both success and failure related to luck result in feelings 

of surprise. 

In achievement contexts, Weiner said that there is a 

clear mapping between causal thoughts and both positive and 

negative feelings. Weiner captured sentiments common to math 

anxious individuals in summing up the relationship between 

attribution theory and positive and negative feelings toward 

achievement: 

In achievement-related contexts the actor 
might progress through various cognition-emotion 
scenarios, such as (a) "I just received a D on the 
exam. That is a very low grade." (This generates 
intense but relatively fleeting feelings of being 
frustrated and upset.) "I just received this grade 
because I did not try sufficiently hard."(This is 



followed by feelings of 
something lacking in me." 
self-esteem or lack of 
probably always will 
helplessness.) 
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guilt.) "There really is 
(This is ensued by low 
worth.) "What I lack I 

lack." (This produces 

Alternatively, there is (b) "I just received 
an A on the exam. That is a very high grade." 
(This generates happiness.) "I received this grade 
because I worked very hard during the entire 
school year." (This produces contentment and 
relaxation.) "I really do have some positive 
qualities that will persist in the future." (This 
is followed by high self-esteem, feelings of self
worth and optimism(Weiner,1980). 

These patterns have been used for much research and 

analysis. Ickes and Layden (1978) found that people high in 

self-concept tend to attribute positive outcomes internally 

and 

negative outcomes externally. In contrast, people with low 

self-concepts more often ascribe positive outcomes to 

external causes while tending to attribute negative outcomes 

to internal causes. Deaux (1976) found that males and 

females differ in 

their patterns of attribution. Females hold lower 

expectations of their performance than do males. Females 

tend to attribute their own success to external causes and 

their failures to internal causes. The opposite is true of 

males who tend to attribute success to ability and search 

for external causes to explain failure. 

Attribution theory has provided much insight into how 
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students develop confidence and self-concept. Fennema and 

Sherman (1977) found confidence in math to be related to 

achievement in mathematics and to students' decisions to 

continue or not continue math courses. Laurie Hart Reyes 

(1980) found a variety of factors influencing high school 

students as they make decisions about how much mathematics 

to take in high school and beyond. Her research identified 

attitudes and feelings as key factors in student decisions 

about course selection. William Purkey (1970) found a 

persistent and significant relationship between confidence, 

self-concept and academic achievement. "Academic success or 

failure in mathematics is at least as much a function of 

self-concept as it is mental ability." (p. 14, 1970). Fink 

(1962) concluded that there is a significant relationship 

between self-concept and academic underachievement and that 

the relationship appears stronger in boys than in girls. 

Attitudes and attribution playa strong role in student 

confidence and achievement, but also in the influence of 

teachers upon students. Bernard Weiner found that teacher 

attributions of student failure are reflected in emotional 

responses of teachers. If a student fails and the teacher 

shows pity, the implication is that the teacher attributes 

failure to a lack of ability which is uncontrollable. But if 

a student fails and the teacher shows anger, the implication 
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is that the teacher attributes failure to a lack of effort 

which is controllable. Weiner. (1980) concludes that "it is 

unlikely that a teacher will publicly tell students 

that they are unable However, such private 

attributions may become public through the interpretation of 

affective displays," (p. 9, 1980). Krulick and Weise (1975) 

discussed the importance of the role of teachers in 

developing positive attitudes. As students develop feelings 

of anxiety, tension or uneasiness, they begin to feel 

"turned off" in certain subject classes. When a mathematics 

teacher begins by saying, "It is obvious that the product of 

these expressions is zero," he automatically causes some 

students to slump over in their seats in defeat; it is not 

"obvious" to them. Threats of failure cause these same 

feelings of anxiety. Sending a student who doesn't 

understand something to the chalkboard and forcing him to 

work through a problem under constant beratement by the 

teacher is not designed to give him the feelings of comfort 

and ease he desires. Krulick and Weise (1975) also discussed 

the problems generated by a teacher who inadequately 

prepares the background for a new subject area. Students ask 

questions, and often these are confused questions. 

Sometimes these questions are met with angry retorts such as 

"Don't you even know what you want to ask?" or "If you paid 
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more attention, you wouldn't need to ask that?" (p. 34, 

1975). Inadequate teacher preparation, negative teacher 

responses, teacher disregard for differing levels of ability 

within class, and boring teaching strategies all contribute 

to negative feelings and anxiety toward mathematics. 

Teachers also play a vital role in developing 

student attitudes about the perceived usefulness of 

mathematics. (Reyes, 1980) Students vary in how useful they 

view mathematics to be, both for their current needs and for 

the future. These perceptions greatly influence whether 

students will elect to take mathematics classes. In 

addition, these perceptions probably affect how much effort 

they will expend in mathematics classes. This factor becomes 

important as girls and boys progress through middle school 

into high school. Some students enjoy mathematics; other do 

not. Many of the latter students elect to take three or 

four years of mathematics in high school, even if they 

particularly do not like it, if they know that mathematics 

is necessary for their career goals. However, without 

specific career goals or information about the levels of 

mathematical knowledge necessary for reaching these goals, 

many students ~ including disproportionately large numbers 

of female and minority students take only the minimum 

mathematics required in high school. Reyes (1980) stresses 
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that the role of the teacher in providing information about 

the usefulness of mathematics cannot be overstated. 

Sex Differences 

"She told me it was a girl, and I turned my 
head away and wept. "All right," I said, "I'm glad 
it's a girl and I hope she'll be a fool - - that 
is the best thing a girl can be in this world, a 
beautiful little fool." 

Daisy in The Great Gatsby 
(F. Scott Fitzgerald, 1925) 

This passage from The Great Gatsby illustrates one of the 

most influential, powerful and widely-held beliefs in human 

history, regardless of whether it has any real basis in 

fact. The views of one of the great shapers of Western 

intellectual thought, Martin Luther (1569), would be in 

direct conflict with the modern heritage of equality of 

opportunity when he said, "Men have broad shoulders and 

narrow hips and accordingly they possess intelligence. Women 

ought to stay at home; the way they were created indicates 

this, for they have broad hips and wide fundament to sit 

upon." The idea of the physical and intellectual inferiority 

of women is not difficult to find in a wide range of 

literature; however, it is often difficult to distinguish 

statements of fact from statements of belief. Grace Burton 
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(1978) said that "there is available an enormous range of 

pontification from a wide variety of people concerning the 

suitability of intellectual endeavors for females. Much of 

it confuses what is known with what is felt," (p. 56, 1978). 

With the rise in importance and stature of science in 

the 19th century, scientific explanations for supposed 

female intellectual inferiority became popular. One of the 

more commonly advanced theories asserted that women were 

intellectually inferior to men because their brains are 

smaller (Ellis, 1908). Subsequently brain size, when normal 

gender size differences are taken into account, has been 

found to be uncorrelated with intelligence. Besides there is 

no. support today in science for a direct relationship 

between brain size and intellectual capacity (Steven Jay 

Gould, 1981). Another common belief was that the 

reproductive systems of women draw energy from the brain 

(Clark, 1873). Though this notion, too, is not supported by 

fact today, it does contain the implication that 

intellectual work might damage women's reproductive 

capacity and general good health. In this way, it has served 

as a rationale to keep women away from education and 

intellectual work "for their own good "(Sherman, 1977). 

Clearly, there are differences in male and female 

development. Males mature more slowly from birth onward, 

and, in fact, are more vulnerable to the environment during 
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the prenatal period and throughout life (Maccoby and 

Jacklin, 1974). While few would overtly state, many still 

believe that mathematical ability is a province of the male 

gender, and some do believe that there may be biological 

reasons for male superiority in one facet of mathematical 

ability, that of spatial visualization. Spatial 

visualization involves the ability to manipulate geometric 

objects in the mind and to orient oneself or other objects 

in space. While these abilities may be of importance in 

solving problems in certain areas of mathematics, e.g. 

geometry, there are many other areas of mathematics in which 

they are not. Even in areas where spatial visualization is 

helpful, lack of such ability is often compensated for by 

verbal ability in females and males. Two people who solve a 

geometric problem, for instance, may utilize different 

strategies, one visualizing the problem and its solution, 

and the other "talking the problem through "(Burton, 1978). 

Currently, there are two biological reasons advanced to 

explain spatial ability differences between the sexes. One 

theory suggests the existence of a re~essive gene on the x

chromosone which enhances spatial ability and that this 

recessive gene is found twice as often in males as in 

females. However, this theory offers no explanation for how 

this difference takes place through genetic probability 
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(Sherman, 1977). 

Another biological argument relates to the effects of 

male sex hormones on brain development. A recent study found 

an unexpected collection of physiological traits among 

mathematical geniuses. In addition to being found more often 

in the male population, math geniuses are likely to be left

handed and to suffer from allergies and myopia (Stanley, 

1987). Though these findings may seem puzzling, they fit 

well with other findings of the effects of male sex hormones 

on brain development. A similar pattern has been found in 

other studies, most notably by the late Norman Geschwind, a 

neurologist at Harvard Medical School. According to Dr. 

Geschwind (1985), exposure to the male sex hormone 

testosterone in the growing human fetus slows the 

development of the left hemisphere of the brain. As a 

result, according to this theory, the right hemisphere 

compensates by becoming stronger, enhancing those areas of 

intellect it controls. While the left hemisphere is the seat 

of verbal intelligence in most people, the right hemisphere 

tends to be specialized for certain tasks essential to 

mathematics, most particularly spatial ability. This skill 

is most commonly employed in the study of geometry, a high 

school class in which males more commonly excel. 

Though there is strong evidence for a biological 
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explanation for a difference in spatial ability between 

males and females, there are many who would downplay the 

importance of this difference and would attribute 

achievement differences to social causes as well. It is one 

thing to report that there is a preponderance of male math 

geniuses and quite another to conclude that girls are 

inferior to boys in their abilities to learn mathematics, 

according to Dr. Benbow and Dr. Stanley. Their studies of 

gifted junior high school students have shown that there are 

about 13 male math geniuses for every female. "This does not 

mean that girls can't do math, just that there are fewer 

math whizzes who are girls. A given girl could be 

outstanding in math" (Benbow and Stanley, p. 542, 1987). 

Dr. Elsie Moore (Moore, 1986) attributed the 

differences in spatial ability to the differences in the 

ways boys and girls are raised and educated socially. "Girls 

and boys are treated differently practically from birth. 

Girls typically get doll houses and cuddly toys; boys get 

building blocks and construction sets. The blocks help 

develop spatial skills; dolls do not" (p. 32, 1986). As boys 

and girls experience adolescence another social influence is 

added. They begin to interact socially. Studies have found 

that boys do not like smart girls, especially girls who 

excel in math. Even among girls who are gifted in math, 
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research shows that the fear of peer rejection has been 

found to be a major factor in decisions not to enroll in 

advanced math. Moore (1987) relates the experiences of many 

mathematically talented girls who avoided math study because 

"real women do not solve equations "(p. 37, 1987). 

Some critics remain unconvinced by biological or 

social-pressure theories. One argument maintains that the 

scientific search for biological differences in the 

mathematical abilities of males and females has been an 

attempt to justify the status quo opportunities of males and 

females. One of the harshest critics of biological and 

social differences, Eleanor Smeal (1987), former president 

of the National Organization for Women, charged that tests, 

specifically the S.A.T., are made intentionally more 

difficult for women "because something had to be done to 

make it look objective rather than discriminatory in 

excluding women from scholarships and other educational 

opportunities despite the fact that women and girls had 

better grades (p. 42, 1987). Paula Selkow (1987), a 

psychologist and author of "Assessing Sex Bias in Testing," 

found that in 74 different psychological and educational 

tests that she reviewed, references to men outnumbered those 

to women two to one. And on items in which famous people 

were described, men outnumbered women eight to one. 
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Though there is still a lively debate regarding the 

biological and environmental influences on male and female 

achievement in mathematics, the popular consensus and 

evidence points to a male superiority in actual mathematics 

achievement. For some time, research has concluded that, 

although sex-related differences in mathematics is not 

prevalent in young children, male superiority is evident by 

the time students reach junior high school. As a result, 

many researchers conclude that boys are better achievers in 

higher level cognitive tasks such as mathematical reasoning. 

A 1964 study, Project Talent, assessed the mathematics 

achievement of a large sampling of high school students in 

the united States. The data showed little sex-related 

differences at the 9th grade level, but significant 

differences by the 12th grade. These differences may have 

been related to ability, but also may have been related to 

course selection because no attempt was made to control for 

the courses taken. Higher percentages of males had taken 

higher and more mathematics courses, so, in the study, a 

group of males with more mathematics background was compared 

with a group of females with less background in mathematics 

(Flannagan, 1964). 

One of the longest studies of male and female 

mathematical ability has produced sUbstantial evidence of 
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inherent male superiority, unrelated to course selection. 

Psychologists Camilla Benbow and Julian Stanley of Johns 

Hopkins University have been testing mathematically gifted 

junior high school students since 1971 in their Study of 

Mathematically Precocious Youth (SMPY). Their project is a 

continuing search to identify youngsters whose ability would 

permit them to be accelerated into earlier advanced work in 

mathematics and science. Students in the 7th, 8th and 9th 

grades were invited to volunteer for the project if they had 

scored at or above the 95th percentile on the numerical 

subtest of an ingrade standardized achievement test. These 

students were then given the mathematics test on the SAT-M, 

a test designed for high school juniors and seniors. The 

results were startling. Ten percent of the boys scored 

between 660 and 790, higher than the average Johns Hopkins 

University student had scored as a high school junior or 

senior. The highest score for a girl was 600. Although 44 

percent of the participants were female, nineteen percent of 

the boys scored higher than the top girl (Stanley, 1973). 

Subsequent tests by SMPY produced similar results. As of 

1983, more than 65,000 students has been tested with 

essentially equal participation of both sexes. These tests 

have consistently shown boys to score in the highest ranges 

on the SAT-M even though the girls were matched with boys by 
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intellectual ability, age, grade and voluntary 

participation. Substantial attitude and environmental 

differences between boys and girls have not been found. As a 

result Benbow and Stanley (1983) concluded that males 

dominate the highest ranges of mathematical reasoning 

ability even before the onset of the social and course 

selection influences of adolescence. 

Other research has confirmed the conclusions of Benbow 

and Stanley. When the Education 

tested 1,800 high school 

Commission 

seniors, 

of 

the 

the States 

boys did 

significantly better than the girls in mathematics, and this 

difference was still significant even when an allowance was 

made for the number of mathematics courses taken. 

Benbow and Stanley (1983) do not deny that social 

conditioning plays a role in the differences between males 

and females in mathematics achievement, but these influences 

cannot explain all the differences in achievement. Both have 

concluded that there must be a significant biological 

explanation because, as Camilla Benbow said recently, "After 

fifteen years of research looking for an environmental 

explanation and getting zero results, I gave up," (Benbow, 

p. 542, 1987). 

The results of the Benbow Stanley study captured much 

media attention (The New York Times, 1980), (Newsweek, 
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1980), (Science,1980) , (Time, 1980), (The Washington Post, 

1980). The implications of the Benbow Stanley Study were 

extensive. Some suggested that, if the study was indeed 

valid and correct, there well might be little point in 

enriching girls play, encouraging them in mathematics or in 

demanding affirmative action programs for women seeking 

technical jobs (Tobias, 1982). But Tobias and her colleague, 

Carl Tomizuka, have offered several explanations for the 

results of the Benbow Stanley Study (1981). The first factor 

was that males outnumbered females in every year the study 

was conducted. Another colleague agreed, saying that it 

would be difficult to get talented girls to agree to 

participate in meetings and testing sessions that they found 

"dull" with boys they found to be -- in their own words-

"little creeps" (Fox, 1978). Another factor that might 

explain the sex difference findings of the Benbow Stanley 

study, according to Tobias and Tomizuka (1981), related to 

out of class experiences. Boys are involved in building or 

taking things apart, playing strategy or memory games, 

engaging in sports activities utilizing spatial concepts or 

other activities that may enhance the development of 

mathematical reasoning abilities. A third, and perhaps most 

important factor, is that junior high school students, 

however interested they are in mathematics, are experiencing 
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sudden and intense awareness of their sexuality, sex roles 

and expected behaviors. Th~se young people are very much 

aware of the values attached to masculinity and femininity, 

and are aware that their peers and, indeed, the general 

public associates mathematics with masculinity (Tomizuka and 

Tobias, 1981). 

Tobias (1981) and other colleagues argue that the 

a biologically based male Benbow Stanley 

superior math 

suggests that 

conclusion 

ability is 

while the 

of 

premature at best. This argument 

Benbow Stanley study favors a 

biological explanation, their data do not provide a test of 

that hypothesis. Further, a problem arises when the impact 

of the Benbow Stanley conclusion is considered. This concern 

may be justified considering the over-generalization of the 

Benbow Stanley findings by the popular media. "It is 

virtually impossible to undo the harm that the 

sensationalized coverage has done (Schafer and Gray, 1981). 

This does not suggest that biological influences are not 

important, rather that the nature and magnitude of these 

processes and influences are not understood (Tobias and 

Tomizuka, 1981). They concluded that social factors are the 

major cause of sex differences not only in mathematics 

achievement, but also in the development of attitudes toward 

learning mathematics. They argued that there is probably no 
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way to conduct a true study of male/female mathematical 

aptitude so controlled for self image, out of class 

experiences and teacher/parent reinforcement that aptitude 

truly can be sorted out from performance. They believe that 

attitudes toward learning 

therefore, "boys and girls 

ability . the Benbow 

will become outdated •. " 

1981) 

mathematics can be changed, and 

could be equivalent in math 

Stanley data are important, but 

(Tobias and Tomizuka, p. 6, 

Ethnicity and Achievement 

A common goal in American education is that schools 

provide equal opportunity for all students. However, results 

from The Second Mathematics Assessment show American 

education falling short. This 1981 study indicates that 

serious inequities exist in the education of black and 

Hispanic students. The results show that the performance of 

both black and Hispanic students is significantly below that 

of the national average. The study found that parental 

education and occupational status may account for some of 

the disparity in minority achievement. The assessment also 

showed that the strengths and weaknesses of blacks and 

Hispanic students parallel those of students in general. 

Although the study found black students having a positive 
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outlook about mathematics and themselves as learners of 

mathematics, they actually took fewer courses. (Corbitt, 

1981) This discrepancy was corroborated by Patricia Campbell 

(1986) who found that black and Hispanic students take fewer 

math and science courses and are clustered at the lower 

levels. "Controlling for the number of math courses taken 

does not eliminate ethnic and sex differences in mathematics 

achievement but it does significantly reduce them," 

(Campbell, p. 516, 1986). 

Holly Knox (1985) found that black and Hispanic 

students take fewer algebra and geometry courses than white 

students and are enrolled in fewer advanced and honors 

mathematics courses. She also noted that minorities are 

heavily concentrated in low-income areas in school districts 

where the level of learning in math and science is the 

lowest. 

The bottom quartile in math performance in the study 

done by the National Association of Educational Progress 

(1981) included 18 percent of the white students, 49 

percent of the Hispanic students, and 50 percent of the 

black students. By 1990 almost one-third of the school- age 

population will be non-white and, in some states, this group 

will make up 50 percent of the population (Corbitt, 1981). 

The best thing we can do is to equip students with the 



41 

basic building blocks for a variety of new careers. These 

include much more instruction in mathematics, science, 

language and computers. This means attacking the myth, 

still visible in classrooms today, that the world of 

technology is white and male (Knox, 1985). 

Curriculum Tracks 

Prescribed, formal curriculum tracking has been 

shunned an an unfair and illlegal practice for 20 years 

(Hobson v. Hansen, 1967). But curriculum tracking does exist 

as an informal, voluntary and de facto practice, and the 

reasons for its current existence legally can be found in 

the decision of Hobson v. Hansen which proscribed its formal 

practice (The Harvard Law Review, 1968). The school 

officials who were challenged in the Hobson case made a 

tracking decision early in each child's education. Track 

division began in the fourth grade for most children and 

some retarded children were placed in the lowest track as 

early as first grade. Nationally standardized tests were 

crucial in determining track placement. Although tracking 

theory envisiaged the continual re-evaluation of students 

and movement from track to track, in practice, the system 

became quite rigid and the initial track placement was 

likely to be permanent. The court emphasized in the Hobson 
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case that its decision was triggered by the fact that track 

enrollment correlated with socio-economic status and race: a 

relatively large percentage of lower-class black children 

were enrolled in the lower tracks while middle-class white 

children were overrepresented in the upper tracks. The court 

also emphasized the unfairness of the diluted "blue collar" 

education in lower tracks, the absense of cross-tracking, 

the early age at which placement was made, and the practical 

irrevocability of the initial placement. This emphasis 

suggested that the court might accept a more flexible 

tracking system if adequate compensatory programs were 

initiated. As a result, more flexible, voluntary curriculum 

tracking has not been challenged successfully in the courts 

in the two decades since the court's decision proscribing 

formal tracking. 

Though informal, voluntary curriculum tracking has not 

been challenged successfully in the courts, it has not 

been without its critics: 

Where do American Schools stand with respect 
to curriculum tracking? We have compromised. Our 
rhetoric, our commitment to the comprehensive 
school, and our provision in most schools of an 
undifferentiated high school diploma all suggest a 
decision against tracking. However, in reality we 
have considerable tracking in our high schools 
even if it is not always formally so labeled 
(Resnick and Resnick, 1985). 

Resnick and Resnick (1985) note that although all 
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students are required to have the minimum number of Carnegie 

units in order to graduate from high school, there are 

several different tracks or programs that students may 

follow, each with their own set of requirements. The most 

commonly found curriculum tracks include college preparatory 

course work, vocational programs and the general curriculum. 

They note that those in the college prep or higher track are 

usually the better students who enjoy school and are well

behaved. They demonstrate the academic and social skills 

that are valued by school and society, leading to 

credentials that maximize life options. But they also note 

that the achievement of college prep students has been the 

focus of recent criticism about falling standards in our 

schools. Not only is the amount of academic work required of 

this group considerably less than the amount required in 

other industrialized nations, it is also less than we used 

to require in our own high schools. 

As a result, many schools have developed advanced 

placement courses, especially in mathematics to better 

prepare graduates for college level courses. Harlan Hanson 

(1985) stated that high school students involved in college 

level studies or advanced placement courses are more prone 

to be ready to meet the challenges of the more difficult, 

higher level university courses. Educators are realizing 
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that an effective local school like an effective local 

hospital is defined not by its minimal services offered to 

all, but rather by the adequacy of its varying responses to 

the individual's separate needs (Hanson, 1985). 

The vocational curriculum in most high schools 

contains little or no mathematics according to Resnick 

(1985). Students typically take either a business math 

course or a class vocational trades math, both of which are 

non-algebra, low-track math classes. These low-track math 

courses, however, are not able to instruct students in 

skills that are immediately useful in the workplace as well 

as companies that train young people on the job. Also, with 

the rapid obsolescence of technical equipment in the 

workplace, schools face a real difficulty in maintaining the 

latest equipment for student training (Resnick, 1985). 

Perhaps the biggest problem in preparing students in 

the vocational track for the workplace is the problem of 

youth subcultures. William Pink (1984) found distinct youth 

subcultures related to ability grouping or tracking. High

track students, the "academic" subculture, are the good 

students. Low-track students, the "delinquent" subculture, 

do poorly academically, dislike school and are generally 

troublesome. These students are separated not only by course 

selection but by social interaction. Pink (1984) found few 
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cross-track friendships and even open hostility between 

students in high and low tracks. While high-track students 

demonstrate academic and social skills valued by school and 

society, low-track students lack the skills, academic and 

social, which translate into success in the workplace. 



This chapter 

the design of the 

Chapter Three 

DESIGN OF THE STUDY 

defined the procedures that were used in 

study and is divided into six sections: 

procedures, population, sample, instuments, hypotheses and 

treatment of data. 

Procedures 

The attitude test (Fennema Sherman Mathematics Attitude 

Scales) were administered to the students in 19 mathematics 

classes of various levels during the first half of the class 

period. The classes for testing were selected based on 

which teachers had volunteered their classes for the study. 

The tests were be administered by the teachers and volunteer 

proctors specifically trained by the researcher. 

Instructions concerning demographic information (name, 

grade, curriculum track level, sex) as well as directions 

for marking the test were read to the students and were 

also in written form to ensure clarity. The achievement test 

scores (Stanford Achievement Test) and the students' 

ethnicity data were collected by the researcher from student 

record files. 

46 
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Population 

This study was conducted in a moderate-size school 

district in a metropolitan city in the southwestern s·ection 

of the United States. The selected high school, one of two 

in the district, is made up of a heterogeneous student 

population which represents a wide range of socio-economic 

status and is predominantly white (79 percent), with a 

substantial Hispanic group (15 percent), and a scattering of 

blacks (three percent), American Indians (two percent), and 

Asians (three percent). The total school enrollment at the 

time of the study was 2,555. 

Sample 

The sample consisted of approximately 407 students, 

with equal representation between the sexes, distributed 

proportionately throughout the three curriculum tracks. The 

students participating in the study were from all four high 

school grades and were enrolled in the various mathematics 

classes offered at the school. Students were asked to 

participate through their classroom teacher. 

Instruments 

Instrument: Attitude 

The instrument used to measure students' attitudes 
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toward mathematics was the Fennema-Sherman Mathematics 

Attitude Scales (1974). This is a series of nine domain

specific, Likert-type scales that are designed to measure 

attitudes related to learning mathematics. Each scale 

measures a separate attitude that has been theorized to be 

associated with the study of mathematics. The researcher 

chose seven of the nine for use in this study. Those omitted 

were the Mother and Father scales, designed to measure 

students' perception of their mother's and father's 

interest. encouragement and confidence in the student's 

ability to learn mathematics. This omission was made because 

the researcher wanted to focus on only those attitudes that 

the school might influence directly. The seven scales used 

were: 

1. Confidence in learning mathematics scale(CL)i 

2. Teacher perception scale(T)i 

3. Effectance motivation in mathematics scale(EM)i 

4. Attitude toward success in mathematics scale(AS)i 

5. Mathematics as a male domain scale(MD)i 

6. Usefulness of mathematics scale(UM)i and 

7. The mathematics anxiety scale(MA). 

Each scale is made up of six positive and six negative 

statements with five choices for student response: strongly 

disagree, agree, undecided, disagree, and strongly disagree. 



Each response is given a 

scale except the male domain 
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score of 1 to 5 and, on every 

scale, a weight of five is 

given to the response that has a positive effect on learning 

mathematics. The mathematics as a male domain scale is 

weighted differently in that the less a student stereotypes 

mathematics, the higher the score. The student's score is 

the cummulative total and the higher the score, the more 

positive the attitude. 

The confidence in learning mathmatics scale assesses 

confidence in one's ability to learn or perform well on 

mathematical tasks. Confidence in oneself is related to what 

one is willing to attempt in the way of intellectual 

activities. 

The teacher scale was developed to assess the students' 

perceptions of how their teachers feel about them as 

learners of mathematics. Included in this is the teachers' 

interest, encouragement, and confidence in their students' 

ability. 

Effectance motivation assesses attitudes related to 

problem solving. The effectance motivation scale in 

mathematics assesses the extent to which students enjoy the 

challenge of and are stimulated by mathematics problems. 

This scale ranges from lack of involvement in mathematics to 

active participation and appreciation. 
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The attitude toward success in mathematics scale 

measures the extent to which students anticipate positive or 

negative consequences as a result of succeeding in 

mathematics. 

The mathematics as a male domain scale shows the extent 

to which boys and girls are likely to perform better on 

intellectual tasks that arc perceived to be appropriate to 

their sex. So if mathematics is perceived to be masculine, 

girls may be less willing to pursue studies in that field. 

The mathematics usefulness scale measures students' 

beliefs concerning the usefulness of mathematics in their 

lives both currently and as it might pertain to their future 

education or career. 

The mathmatics anxiety scale assesses feelings of 

anxiety, dread and nervousness and associated physical 

symptoms related to doing mathematics. These sensations 

range from feelings of comfort to those of distinct anxiety. 

The reliabilities for these seven different scales has 

been found to range between .22 and .66. The split-half 

reliabilities range from .86 to .93 (Fennema and Sherman, 

1974). 



51 

Instrument: Achievement 

The instrument that was used to measure mathematics 

achievement is the Stanford Achievement Test (1986). This 

test was used because it is administered each spring by the 

high school from which the sample was drawn and because the 

results were easily obtained by the researcher. The 

mathematics section of the Stanford Achievement Test is 

divided into three parts: number concepts, computation and 

applications. 

The numbers concept section assesses the student's 

understanding of basic n~bers concepts. Included in this 

are concepts concerning whole numbers, rational numbers, 

integers, and their operations and properties. 

The computations slibtest evaluates the student's skill 

in calculating 

percents, as 

equations. 

with whole numbers, fractions, decimals, and 

well as solving proportions and linear 

The mathematics applications section measures the 

student's ability to apply their concept and computation 

skills to problem-solving situations. Also included here are 

graph interpretation, and principles of geometry and 

measurement. 
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Hypotheses 

The following null hypotheses were tested: 

H 1: 

There will be no relationship between mathematics 

attitude and mathematics achievement among the high school 

students in the sample. 

H 2: 

There will be no difference in mathematics attitude and 

mathematics achievement across the three curriculum levels. 

H 3: 

There will be no difference in mathematics attitude and 

mathematics achievement between males and females. 

H 4: 

There will be no difference in mathematics attitude and 

mathematics achievement across the different ethnic groups. 

Treatment of the Data 

Before testing the hypotheses, several tests were 

conducted to ensure that the measures selected for this 

study were appropriate for examining the proposed research 

questions. Specifically, Cronbach (1951) alpha coefficients 

were generated for each of the seven subscales of the 
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estimates were 

within each of 
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Mathematics Attitudes Scales. These 

employed to assess internal consistency 

the separate subscales. Additionally, 

estimates of convergent-discriminant validity were found by 

using Pearson correlation coefficients between all seven 

subscales and scores on the Stanford Achievement Test, The 

coeeficients that resulted were applied to identify the 

most appropriate statistical tests for examining the 

research hypotheses. Assuming low to moderate correlations, 

one-way analyses of variance strategies were used to test 

each hypothesis. Had these correlations been substantial, 

appropriate multivariant techniques would have been applied. 

To date, the relationship between attitudes and actual 

behavior has been elusive; therefore, the proposed analyses 

were based on the assumption of low to moderate correlations 

between knowledge (as measured by the Stanford Achievement 

Test) and attitudes (as measured by the seven subscales of 

the Fennema-Sherman Mathematics Attitudes Scales). 

To test the first hypothesis, the Pearson correlation 

coefficients were used between scores of each of the seven 

subscales of the Fennema-Sherman instrument and the scores 

on the Stanford Achievement Test. The null hypothesis, 

r = 0, was tested at the .05 level of significance. Because 

·seven correlation coefficients were generated for this 
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hypothesis, only one significant r was necessary for 

rejection.' 

The second hypothesis used eight separate, but 

identical, one-way analyses of variance. Specifically, for 

each of these, curriculum track represented the th~ee-factor 

independent variable, and the scores on the seven subs cales 

of the Fennema-Sherman instrument and the Stanford 
. 

achievement test constituted the dependent variables. 

If significant differences was found from this analysis, 

appropriate post hoc tests (Tukey, 1984) were generated 

to find where the differences occurred (i.e., between 

curriculum tracks 1 and 2, 2 and 3, or 1 and 3). 

As in hypothesis 2, one-way analysis of variance 

techniques were employed to test for sex differences. 

Again, the scores of the seven subscales of the Fennema-

Sherman instrument and the Stanford Achievement Test scores 

were entered separately in the analysis as the dependent 

variables, with sex representing the the two-factor 

independent variable. Because only two categor~es existed 

for the independent variable, post hoc tests were not 

necessary. 

A frequency distribution was generated to examine cell 

sizes ~or each of the ethnic categories represented in this 

sample. If cell sizes had allowed for it, specific 
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minorities would have been examinied. However, because there 

were insufficient numbers of specific minorities, two groups 

(Anglo and non-Anglo) were identified to test hypothesis 4. 

Once again, one-way analyses of variance were generated 

where the scores on each of the seven subscales of the 

Fennema-Sherman instrument and the scores of the Stanford 

Achievement Test were dependent variables and ethnic 

category the independent variable. If more than two ethnic 

categories would have been used, appropriate post hoc tests 

would have been generated to isolate differences (Tukey, 

1984). 

As mentioned previously, these analyses were based on 

the assumption that hypothesis 1 would be retained. Should 

analyses have indicated differently, MANOVA (multivariate 

analysis of variance) techniques would have been substituted 

for the one-way analyses, and ANCOVA (analysis of 

covariance) methods would have been employed as post hoc 

tests. 



56 

CHAPTER 4 

Results of the Study 

This chapter presents the findings from the study. 

Prior to discussing these findings, it is necessary 

however, to review the several psychometric tests conducted 

to ascertain the appropriateness of using selected measures 

with the sample in the study. These analyses served to lay 

the foundation for hypothesis testing. 

The selected measures, the Fennema-Sherman Mathematics 

Attitudes Scales and the Stanford Achievement Test, were 

found to meet acceptable statistical tests for reliability 

(internal consistency). 

Table 2 presents estimates of reliability and 

inter scale correlations for all measures used in the study. 

The diagonal elements are estimates of internal consistency 

(Cronbach alpha coefficients) for the Fennema-Sherman 

subscales. As shown, these estimates ranged from .82 on the 

Teacher Scale, to .92 on both the Confidence in Learning 

Mathematics Scale and the Mathematics Anxiety Scale. The 

median coefficient was .88 on the Effectance Motivation 

Scale. Generally, coefficients of this magnitude are 

indicative of strong internal consistency for each subscale, 
I 

56 
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attesting to the appropriateness of these scales for 

addressing the research hypotheses. 

Table 2: 
Reliability estimates and inter scale correlations for 
subscales of the Fennema-Sherman f.7athematics Attitudes 
Scales and the Stanford Achievement Test 

-----------------------------------------------------------
1 2 3 4 5 6 7 8 

1 CL ( .92) 
2 AS .07 ( .85) 
3 T .53 .22 ( .82 ) 
4 MD .11 .37 .18 ( .87 ) 
5 UM .38 .30 .40 .19 ( .90 ) 
6 MA .75 .00 .41 .05 .32 ( .92 ) 
7 EM .53 .15 .46 .05 .50 .49 ( .88 ) 
8 SAT .42 .16 .29 .29 .21 .28 .10 ( * ) 

KEY: 1 CL: Confidence in Learning Mathematics 
2 AS: Attitude Toward Success in Mathematics 
3 T: Teacher Scale 
4 MD: Mathematics as a Male Domain 
5 UM: Usefulness of Mathematics 
6 MA: Mathematics Anxiety 
7 EM: Effectance Motivation in Mathematics 
8 SAT: Stanford Achievement Test 

*Only the total scores were available for the Stanford 
Achievement Test; consequently, the alpha coefficients could 
not be calculated. 

The off-diagonal elements in Table 2 are Pearson 

correlation coefficients (r) within and between all scales. 

These figures, when squared, represent the amount of shared 

variance between scales, and 1-r~ equals the amount of 

variance unique to each scale. These calculations are useful 

for estimating convergent-discriminant validity. Generally 

the coefficients presented in the off diagonal in Table 2 
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are indicative of more discrimination (uniqueness) than 

convergence (similarity). 

The correlation coefficients ranged from r = .00 for 

the Attitude Toward Success in Mathematics Scale with the 

Mathematics Anxiety Scale, to r = .75 for the Confidence in 

Learning Mathematics Scale with the Mathematics Anxiety 

Scale. By squaring these coefficients, we find that the 

greatest amount of convergence occurred between the 

Confidence in Learning Mathematics Scale and the Mathematics 

Anxiety Scale, 56.3 percent. This is 

that showed more similarity than 

the only relationship 

difference. The next 

highest percentages of shared variance or convergence were 

28.1 percent between the Confidence in Learning Mathematics 

and the Teacher Scales and 28.1 percent between the 

Confidence in Learning Mathematics and the Effectance 

Motivation Scales. With one exception, i.e. the Confidence 

in Learning Mathematics with the Mathematics Anxiety Scales, 

all relationships between scales were more divergent than 

convergent, an indication of discriminant validity. 

Therefore, all seven scales were employed separately to test 

hypotheses because they each provide measurements of unique 

attitudes and perceptions. 

The bottom row in Table 2 depicts correlations between 

scores on the seven subscales and the Stanford Achievement 
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Test score. The lowest correlation coefficient, (r = .10), 

occurred between the Effectance Motivation Scale and the 

Stanford Achievement Test. The square indicates that 1 

percent of variance within the Effectance Motivation Scale 

is common with the variance in the Stanford Achievement 

Test. The highest correlation coefficient, (r = .42), 

indicates 17.6 percent of the variance in the Confidence in 

Learning Mathematics scores is shared with the Stanford 

Achievement Test scores. Similar to the seven Fennema

Sherman subscales, the Stanford Achievement Test and 

subscale relations present more evidence of unique 

measurement than similar measurement, a strong justification 

for the proposed data analysis. 

Hypothesis 1: 

The test of hypothesis 1 (H 1: There' will be no 

relationship bewteen mathematics attitude and mathematics 

achievement among high school students in the sample), is 

found in the bottom row of Table 1. For each of the Fennema

Sherman subscales, the corresponding correlation 

coefficients with the stanford Achievement Test are 

statistically significant at the .05 level. Specifically, 

the scores on the Confidence in Learning Mathematics Scale 

correlated with the Stanford Achievement Test scores at 

r = .42 (p <.05); the scores on the Attitude Toward Success 
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Achievement Test scores 
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correlated with the Stanford 

at r = .29 (p ~ .05); the 

Mathematics as a Male Domain Scale correlated with Stanford 

Achievement Test scores at r = .29 (p <. .05) ; the Usefulness 

of Mathematics Scale correlated with Stanford Achievement 

Test scores at r = .21 (p <. .05); the Mathemati,~s Anxiety 

Scale correlated with Stanford Achievement Test scores at 

r = .28 (p < .05) ; the Effectance Motivation in Mathematics 

Scale correlated with Stanford Achievement Test scores at 

r = .10 (p < .05). For all comparisons, the hypothesis that 

r = 0, i.e. that there would be no correlation, was rejected 

and the alternative hypothesis that r ~ 0 was accepted. 
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Figure 1: Stanford Achievement Test SCores by curriculum 
track, gender and ethnic category. 

Hypothesis 2: 

The second hypothesis involves the relationship between 

the Fennema-Sherman Mathematics Attitude Scales, the 

Stanford Achievement Test, and the three curriculum tracks. 

To test the second hypothesis (H 2: There will be no 

difference in mathematics attitude and mathematics 

achievement across the three curriculum tracks), eight 



separate but identical one-way analyses of variance were 

used. Results of these analyses are presented in Table 2. 

62 

As shown, significant curriculum track differences were 

evident for six of the eight comparisons. The non

significant differences occurred with the Attitude Toward 

Learning Mathematics Scale and the Effectance Motivation in 

Mathematics Scale. The students in curriculum track 3 scored 

slightly higher (X = 37.08) than students in curriculum 

tracks 2 (X = 35.21) and 1 (X.= 35.80) on the Effectance 

Motivation in Mathematics Scale, but as previously 

indicated, differences were not statistically significant. 
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TABLE 3: 
Means, standard deviations and analysi.s of variance results 
depecting the relationship between Fennema-Sherman subscale 
scores, SAT scores and Curriculum Track 

CURRICULUM TRACK 
Track 1 Track 2 Track 3 

X SD X SD X SD F 
1 CL 37.37 11. 00 40.46 9.88 45.77 8.19 25.03* 
2 AS 45.75 7.55 47.76 7.54 47.40 6.85 1. 70 
3 T 39.53 6.81 41.03 7.47 43.36 6.59 9.01* 
4 MD 46.88 8.72 49.93 7.87 51. 64 6.23 10.22* 
5 UM 43.70 9.45 44.78 8.71 46.56 8.09 3.37* 
6 MA 35.63 11. 99 35.94 10.36 39.99 8.98 8.70* 
7 EM 35.80 9.82 35.21 9.03 37.08 8.42 1. 95 
8 SAT 684.10 40.74 734.20 42.34 777.73 44.73 119.44* 

Key for the first column dependent variables: 
1 CL: Confidence in Learning Mathematics 
2 AS: Attitude Toaward Success in Mathematics 
3 T: Teacher Scale 
4 MD: Mathematics as a Male Domain 
5 UM: Usefulness of Mathematics 
6 MA: Mathematics Anxiety 
7 EM: Effectance Motivation in Mathematics 
8 SAT: Stanford Achievement Test 

*Indicates statistical significance (p < .05) 
Note: d.f. 's for all analyses = 2 , 402 

For significant comparisons, Tukey post hoc tests were 

needed to isolate group differences. These tests are 

described for each scale. An alpha level of .05 was employed 

as the criteria for significance. The post hoc tests 

indicated that on the Confidence in Learning Mathematics 

Scale, curriculum track 1 (X = 37.37) was significantly 

different from track 3 (X = 45.77), and track 2 (X =40.46) 
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was different from track 3; however, tracks 1 and 2 were not 

different from one another. On. the Teacher Scale, the 

curriculum tracks showed the same differences as on the 

Confidence in Learning Mathematics Scale, with track 1 

(X = 39.53) being significantly different from track 3 

(X = 43.36), track 2 (~ = 41.03) being significantly 

different from track 3, and tracks 1 and 2 not differing 

from one another. On the Mathematics as a Male Domain Scale, 

curriculum track 1 (X = 46.88) differed from track from 

track 2 (X = 49.93) and track 3 (X = 51.74), however tracks 

2 and 3 did not differ from one another. On the Use·fulness 

of Mathematics Scale, curriculum tracks 1 (X = 43.70), 

2 (X = 44.78) and 3 (X = 46.56) did not differ 

significantly from 'one another. On the Mathematics Anxiety 

Scale, curriculum track 1 (X = 35.63) significantly differed 

from track 3 (X = 39.99), track 2 (X = 35.94) significantly 

differed from track 3, and track 1 differed from track 3. In 

other words, all of the curriculum tracks differed 

significantly from one another. On the Stanford Achievement 

Test, curriculum track 1 (X = 684.10) differed from track 2 

(X = 734.20) and track 3 (X = 777.73), and track 2 was 

different from track 3. Once again, all of the curriculum 

tracks were significantly different from one another. 

In summary, the second hypothesis received partial 
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support in the analysis because five of the seven Fennema

Sherman subscales and the Stanford Achievement Test showed 

significant differences when compared with the subjects' 

curriculum track. The scales supporting the second 

hypothesis were the Confidence in Learning Mathematics 

Scale, the Teacher Scale, the Mathematics as a Male Domain 

Scale, the Usefulness of Mathematics Scale, the Mathematics 

Anxiety Scale and the Stanford Achievement Test. Non-
. 

significant differences emerged for the Attitude Toward 

Success Scales and the Effectance Motivation Scale. 

Generally, the students in curriculum track 3 obtained 

higher scores on the attitude measurement scales and the 

achievement test. 
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Figure 2: Fennema-Sherman attitude scales by Curriculum 
traclt. With the exception of the Confidence in Learning 
~1athematics Scale in track 3, there was a relatively uniform 
pattern of attitude results across all curriculum tracks. 
The Effectance Motivation scale is not shOt~ here because it 
sho~ed no significance in any of the reliability tests. 

Hypothesis 3: 

The third hypothesis involves the relationship between 

the Fennema-Sherman Mathematics Attitude Scales and the 

Stanford Achievement Test and gender. There were significant 
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differences in mathematics attitude and mathematics 

achievement between males and females in four of the 

Fennema-Sherman subscales. 

To test the third hypothesis (H 3: There will be no 

difference im mathematics attitude and mathematics 

achievement between males and females), eight separate but 

identical one-way analyses of variance were used. Results of 

these analyses are summarized in Table 3. 

TABLE 4: 
Means, standard deviations and analysis of variance results 
depicting the relationship between Fennema-Sherman 
subscales, Stanford Achievement Test and subject gender 

RESPONDENT GENDER 
:VJale Female 

X -SD X SD 
1 CL 43.85 9.34 41.21 10.15 
2 AS 46.30 7.10 48.38 7.23 
3 T 42.25 6.87 41. 62 7.33 
4 I>'1D 48.29 7.68 52.56 6.43 
5 UM 45.82 8.92 45.12 8.20 
6 MA 38.93 9.52 36.69 10.75 
7 EM 36.51 9.01 35.88 8.74 
8 SAT 752.50 57.28 743.13 51. 03 

Key for the first column dependent variables: 
1 CL: Confidence in Learning Mathematics 
2 AS: Attitude Toward Success in Mathematics 
3 T: Teacher Scale 
4 MD: Mathematics as a Male Domain 
5 UM: Usefulness of Mathematic~ 
6 MA: Mathematics Anxiety 
7 EM: Effectance Motivation 
8 SAT: Stanford Achievement Test 

*Indicates statistical significance (p <. .05) . 
Note: d.f.'s for all analyses = 1 , 403 

F 
7.46* 
8.48* 

.81 
36.37* 

.68 
4.95* 

.52 
2.99 
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As shown in Table 4, four of the eight comparisons 

yielded statistically significant differences between males 

and females. For the Confidence in Learning Mathematics 

Scale and the Mathematics Anxiety Scale, males (C-L: 

X = 43.85, M-A: X = 38.93) obtained significantly higher 

mean scores than females (C-L: X = 41.21, M-A: X = 36.69). 

Females (A-S: X = 43.38, M-D: X = 52.56) obtained 

significantly higher means than males (A-S: X = 46.30, 

M-D: X = 48.29) on the Attitude Toward Success Scale and 

the Mathematics as a Male Domain Scale. For remaining 

comparisons, the Teacher Scale, the Usefulness of 

Mathematics Scale, the Effectance Motivation in Mathematics 

Scale, and the Stanford Achievement Test, males obtained 

slightly higher mean scores than females; however, as noted 

differences were not statistically previously, these 

significant. Cell 

in Table 4. 

means for these comparisons are presented 

To summarize the analysis of hypothesis 3 , 

significant differences were evident for four of the eight 

comparisons. These were the Confidence in Learning 

Mathematics Scale, the Attitude Toward Success in 

Mathematics Scale, the Mathematics as a Male Domain Scale 

and the Mathematics Anxiety Scale. Scales not differing 
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significantly were the Teaeher Scale, the Usefulness of 

Mathematics Scale, the Effectance Motivation in Mathematics 

Scale and the Stanford Achievement Test. Again, partial 

support for the hypothesis was received in this analysis 

FENNEMA-SHERMAN SUBSCALE SCORES 
(BY SJuwecr GeMQZR) 
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Figure 3: Fennema-Sherman attitude scales by gender. r·1ale 
repondents' scored significantly higher in the Confidence in 
Learning and r·7a.thematics An..uety scales. Female respondents 
scored significantly higher in the Attitude TOward Success 
in £·1athematics and the £>ia.thematics as a r.aa.le ])mnain scales. 
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Hypothesis 4: 

The fourth hypothesis involves the relationship between 

the Fennema-Sherman Mathematics Attitude Scales and the 

Stanford Achievement test and ethnic category. Examination 

of the frequencies for the ethnic categories revealed that 

Anglos represented the bulk of the sample (72.6 percent), 

while blacks comprised 2.2 percent, Hispanics 12.8 percent, 

Asians 5.2 percent, Indians .2 percent and unknowns 6.9 

percent. Therefore, blacks, Hispanics, Asians, Indians and 

unknowns were combined into one group called non-Anglo, with 

Anglos being the second group. 

To test the fourth hypothesis (H 4: The~e will be no 

difference in mathematics attitude and mathematics 

achievement across the different ethnic groups), eight 

separate but identical analyses of variance were used. 

Results of these analyses are summarized in Table 4. As 

shown, only one of the Fennema-Sherman subscales and the 

Stanford Achievement Test yielded significant differences 

across the comparisons. Anglos obtained significantly 

higher scores on the Mathematics as a Male Domain Scale 

(X = 50.81) when compared to non-Anglos (X = 49.02). 

Likewise, scores on the Stanford Achievement Test were 

significantly higher for Anglos (X = 755.36) than non-Anglos 

(X = 728.71). Subjects in the non-Anglo group 
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(U-M: X = 45.96, E-M: X = 36.61) scored slightly higher on 

the Usefulness of Mathematics Scale and the Effectance 

Motivation in Mathematics Scale, but Anglo subjects 

(U-M: X = 45.31, E-M: X = 36.06) scored higher on all other 

scales of Table 4. As noted however, with two exceptions, 

comparisons were not significant. 

TABLE 5: 
Means, standard deviations, and analysis of variance results 
depicting the relationship between Fennema-Sherman 
subscales, Stanford Achievement Test and subject ethnicity. 

SUBJECT ETHNICITY 

Anglo Non-Anglo 

-X SD X SD 
1 CL 42.73 10.01 42.25 ----g:-)1 
2 AS 47.61 7.03 46.41 7.68 
3 T 42.08 7.26 41. 60 6.63 
4 MD 50.81 7.11 49.02 8.09 
5 UM 45.31 9.12 45.96 6.97 
6 MA 38.23 10.39 36.90 9.54 
7 EM 36.06 9.31 36.61 7.65 
8 SAT 755.36 52.66 728.71 54.95 

Key for first column dependent variables: 
1 CL: Confidence in Learning Mathematics 
2 AS: Attitude Toward Success in Mathematics 
3 T: Teacher Scale 
4 MD: Mathematics as a Male Domain 
5 UM: Usefulness of Mathematics 
6 MA: Mathematics Anxiety 
7 EM: Effectance Motivation 
8 SAT: Stanford Achievement Test 

*Indicates statistical significance (p< .05) 
Note: d.f. 's for all analyses = 1 , 403 

F 
20.15 
2.22 

.38 
4.72* 

.47 
1. 39 

.31 
20.15* 

In summary, only the Mathematics as a Male Domain Scale 

of the Fennema-Sherman Mathematics Attitude Scale and the 
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Stanford Achievement Test yielded significant differences 

between the two ethnic categories. Therefore, Hypothesis 4 

was supported only partially. 
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Figure 4: Fennema-Sherman attitude scales by ethnic 
category. The only significant difference between the two 
groups was in the Mathematics as a Male Domain scale where 
Anglo respondents scored significantly higher. 
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Summary of Findings 

Tests for the first hypothesis showed that all seven 

subscales of the Fennema-Sherman Mathematics Attitude Scale 

significantly correlated with the Stanford Achievement 

Test; therefore, the null hypothesis (r = 0) was .rejected, 

and it was concluded that relationships exist. 

The test of the second hypothesis yielded significant 

differences on 

differences on 

how the tracks 

five 'subscales and non-significant 

two subscales. Tukey post hoc tests showed 

differed in the five scales that produced 

significant differences. 

The test of the third hypothesis showed significant 

differences in four of the Fennema-Sherman subscales and 

non-significant differences in the other three subscales and 

the Stanford Achievement Test. 

The test of the fourth hypothesis produced significant 

differences in one of the Fennema-Sherman subs cales and the 

Stanford Achievement Test and non-significant differences in 

the other six subscales. 

The composite findings of the hypothesis testing 

yielded some significant differences whose implications are 

discussed in Chapter Five. 



Chapter Five 

Summary and Implications 

This chapter briefly summarizes the study, with further 

elaborations of the findings. The aim was to investigate how 

attitudes correlate with achievement in mathematics across 

high school curriculum tracks, and, among these tracks, the 

roles played by gender and ethnicity. 

The introduction presented the problem of negative 

attitudes toward learning mathematics and its hindering 

effect on achievement and success in higher education, as 

well as competence in the workforce. Clearly, students, 

workers, and average consumers with limited mathematics 

skills suffer. This problem affects not only the welfare of 

individuals but also the productivity and competitiveness of 

American industry. As the need for greater proficiency in 

mathematics has increased, so have mathematics requirements 

in high schools, colleges and in the workforce. As a result, 

the search for the root causes of underachievement in 

mathematics has intensified. 

The second chapter reviewed research on factors which 

may affect achievement, especially in mathematics. These 

factors include math anxiety, attitudes and achievement, sex 

differences, curriculum tracks and ethnicity. Today there is 
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much research and discussion in the literature .related to 

mathematics anxiety; and attitudes and achievement,as well 

as sex differences, in learning and succeeding in 

mathematics. Major contributors to this field include 

prolific research and writing by Sheila Tobias, and research 

and the development of attitude measurement instruments by 

Elizabeth Fennema and Julia Sherman. 

The design of the study began with a discussion of the 

procedures employed. This sec~ion explained the process for 

administering the Fennema-Sherman Mathematics Attitude 

Scales as well as the collection of other pertinent data. 

The next section discussed the study's population and 

sample. The popul,~ti~n from which the sample was drawn was 

heterogeneous, predominantly Anglo, and represented a wide 

range of economic status. The sample was made up of 405 

students, enrolled in a variety of mathematics classes, with 

rough equivalency between sexes and representation from all 

four grade levels and all three curriculum tracks. The 

following section described the instruments used to test the 

students. The instrument used to measure attitude toward 

mathematics was the Fennema-Sherman Mathematics Anxiety 

Scales. To measure achievement, composite scores on the 

mathematics sections of the Stanford Achievement Test were 

employed. A fifth section listed the four null hypotheses 
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employed in this study. The final section which described 

the design of the study involved an outline of the processes 

for treating the data. 

The results of the study included a discussion 

confirming the appropriateness of the instruments used 

through reliability and validity tests. The first finding, a 

rejection of Hypothesis 1, indicated a significant 

relationship between attitude and achievement in 

mathematics. 

Partially in support of Hypothesis 2, the second 

finding indicated significant differences in five of the 

seven attitude scales and the achievement test when compared 

with students' curriculum track. 

The third finding partially supported Hypothesis 3 as 

well by indicating a significant difference in four of the 

eight attitude scales when compared with students' gender. 

The fourth finding, marginally in support of Hypothesis 

4, indicated a significant difference in one attitude scale 

and the achievement test when compared with students' ethnic 

category. 

Implications of the Study 

There are several important implications of this study. 

First, the study's most significant relationship 

demonstrated that confidence in learning or a positive self-
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concept results in higher achievement in mathematics. 

Furthermore, confidence .in learning was not reflected 

similarly throughout all curriculum tracks. Therefore, to 

the degree that counseling and teacher support, especially 

in tracks one and two, can bolster student confidence, 

mathematics achievement may be enhanced. Next, results of 

this study indicate that teachers play a significant role in 

attitude development, and consequently, achievement. 

Further, given the relationship between attitudes and 

achievement reflected in this study, perceptions of 

mathematics as a male domain differed significantly between 

sexes and ethnic groups. These differences were found 

throughout the curriculum tracks; and therefore, may be 

related to common socialization processes. These attitude 

differences may diminish over time as societal attitudes 

change and as society becomes more accepting of women and 

minorities in higher mathematics education, industry and the 

sciences. 

There were some important, unexpected findings related 

to mathematics anxiety in this study. Contrary to the 

findings of Sheila Tobias and others who have found 

significantly more mathematics anxiety among females than 

males, this study found just the opposite. Here males scored 

significantly higher, i.e. were more anxious, than femaies 
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on the Mathematics Anxiety subscale. Unlike previous 

studies, this study included an advanced placement college 

preparatory track, comprised in part, of a number of 

capable, confident females who might have shown far less 

anxiety towards mathematics than typical high school 

females. Also, it is possible that males in the highest 

track have uncommonly high goals and expectations, 

contributing to a higher level of anxiety. Females in this 

track still see mathematics as a male domain; consequently, 

they may not feel the same degree of pressure to succeed. 

The school from which this sample was drawn is quite 

heterogeneous, with students from a wide range of socio

economic backgrounds. Socia-economic information was 

unavailable for this study, so it is not possible to know to 

what degree socia-economic status affected attitudes. 

The study of how attitudes affect achievement could be 

enhanced by further analysis of mathematics attitudes among 

high school students in the advanced college preparatory 

track. Moreover, within each track, an examination of gender 

differences might provide some enlightenment as to where 

specific variations lie. 

The relationship between attitudes and achievement 

remains elusive; therefore, it would be beneficial for 

future investigations to use different measures of attitude 



79 

and achievement in order to provide a broader base of 

information from which to draw conclusions. More research is 

needed on the relationship between ethnic categories, 

attitudes and achievement. A most interesting study has 

suggested, for example, that students from oriental 

backgrounds are above average in mathematics achievement 

(Jensen, 1973). It would be helpful to know' .what 

environmental factors, such as attitude formation, might be 

affecting this higher level of achievement. Clearly, one 

approach which might be fruitful would be to include more 

equitable representations of various minority groups in the 

cell sizes, in order to make possible more specific 

conclusions about ethnicity, attitudes and achievement. 

Some critical environmental factors warrant further 

study. It would be helpful for future research to control 

for coursework so that achievement scores might more 

accurately reflect what different students learn given 

exposure to the same material. Another important 

environmental factor warranting study would be an 

investigation of how socio-economic status and parents, 

e.g. the occupation and involvement of parents, affect 

attitudes and achievement. 

It is quite likely that some very influential student 

attitudes change with mental and physical development; 



80 

therefore, conducting longitudinal studies of student 

attitudes, especially in areas such as mathematics as a male 

domain, might provide valuable insight as to how and when 

critical attitudes toward learning mathematics develop. 

This study may provide insight into practical 

applications in mathematics curriculum development and 

teacher preparation for mathematics instruction. 

Administrators and curriculum coordinators might use the 

study to help plan curriculum offerings such as the 

inclusion of mathematics study skills where learning styles 

and attitudes are emphasized. 

Evidence from this study relative to the role of 

teachers in developing student attitudes may have practical 

applications not only in teacher and guidance counselor 

inservice training but also in the interviewing and 

selection process of teachers of mathematics. 



APPENDIX A 

FENNEMA-SHERHAN MATHEI1ATICS ATTITUDES SCALES 

INSTRUMENTS DESIGNED TO MEASURE ATTITUDES Tm,TARD THE LEAP.NING 

OF MATHEMATICS BY FEMALES .AND HALES 

By 

ELIZABETH FENNEl·fA 

Department of. Curriculum and Instruct ion-l-Lad ison 

and 

JULIA A. S HEP.!.'']'N 

Madison Psychiatric Associates, Ltd. 

81 



APPENDIX A «Continued) 

DIRECTIONS 
FENNEMA-SHERMAN MATHEMATICS ATTITUDE SCALES 

Elizabeth Fennema - Julia A. Sherman 
University of Wisconsin~Madison 

82 

On the following pages is a series of statements. There are no 
correct answers for these statements. They have been set up in a way 
which permits you to indicate the extent to which you agr.ee or disagree 
with the ideaz expressed. Suppose the statement is: 

Example 1. I like mathematics. 

As you read the statement, you will know whether you agree or 
disagree. If you strongly agree, blacken circle A opposite Number 1 
on your answer sheet. If you agree but with reservations, that is, 
you do not fully agree, blacken circle B. If you disagree with the 
idea, indicate the extent to which you disagree by blackening bircle 
D for disagree or circle E if you strongly disagree. But if you 
neither agree nor disagree, that is, you are really not certain, blacken 
circle C for undecided. AlsQ, if you cannot answer a question, blacken 
circle C. Now mark your answer sheet. Do the same for example No.2. 

Example 2. Math is very interesting to me. 

Do not spend much time with any statement, but ~ ~ 12 answer 
every statement. Work fast but carefully. 

There are no "right" or "wrong" answers. The only correct 
responses are those that are true i£E you. Whenever pOSSible, let the 
things that have happened to you help you make a choice. Do not mark 
on the booklet. 

THIS INVENTORY IS BEING USED FOR RESEARCH PURPOSES ONLY AND NO ONE 
WILL KNOW WHAT YOUR RESPONSES ARE. 
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(1) Confidence in Learning Mathematics 
Scale (C) 
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1. Most subjects I car. handle O.K., but I have a knack 
for flubbing up ~th. A B c D E 

2. I can get good grades in mathematics. 

3. I'm no good in math. 

4. I think I could handle more difficult r.Bthematics. 

5. I am sure that I can learr. mathematics. 

6.. For some reason, even though I stuey, math seemS 
unusually hard lor me. 

7. I don't think I .. ould do advanced r.~thematics. 

8. I'm not the type to do '·~ell in math. 

9. I have a lot of self-conf~dence when it comes to 
math. 

10. Math has been my worst subject. 

11. I'm sure I could do advanced work in mathematics •. 

12. Generally I have felt secure about attempting 
ma thematics. 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 

ABC D E 
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(2) Attitude Toward Success in Mathematics Scale(f.5) 

13. I'd be proud to be the outstanding student in math. 

14. I don't like people to think I'm smart in math. 

15. People would think I was some kind of a grind if I 
got A's in math. 

16. Being regarded as smart in matbematics would be a 
great thing. 

17. If I got the highest grade in math I'd prefer no 
one knew. 

18. It would make me happy to be recognized as an . 
excellent student in mathematics. 

19. It would b~ really great to win a prize in 
m.:.thematics.. 

20. If I ha~ good grades in math, I would try to 
:lide h. 

21. Being first in a mathematics co~p~tition would 
make me J."·leased. 

22. It would make people like me less if I were a 
really goed math student. 

23. I'd be happy to get top grades in mathe~tics. 

24. Winning a prize in mathematics would ~~ke me 
feel unpleasantly conspicuous. 
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A B C D E 

A B C D E 

A B C D E 

A B C D E 

A B C D E 

A B C D E 

A B C D E 

A B C D E 

ABC D E 

ABC D E 

ABC D E 



APPENDIX A (Continued) I 

(3) ~eacher Scale (T) 

25. My teachers think I'm the kind of person who could 
do well in ~~thematics. 

26. I have a hard time g~tting teachers to talk 
seriously with me about mathe~atics. 

27. My math teachers would encourage me to tak2 all 
the math I can. 

28. My teachers think advanced math is a waste of 
ti~e for me. 

2.~. 1 have found it hard to win the respect of II1.3th 
teachers. 

30. My tedchers have encouraged me to study more 
mathematict~. 

31. I would talk to my rr~th teachers about a career 
which uses math. 

32. Math teachers have made me feel I have the ability 
to go on in mathematics. 

33. }~y teachers would think I wasn't serious if I told 
them I was interested in a career in science and 
mathematics. 

34. When it comes to anything serious, I have felt 
ingnored when talking to math teachers. 

35. My math teachr.rs haVe been interested in my 
progress in mathematic.s. 

36. Getting a m:.thematics teacher to take me seriously 
has usually been a problem. 
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A B C D E 
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(4) Mathematics as a Hale Dor..ain 

37. It's hard to believe Cl female cculd be a genius 
in rna thematics. 

38. Males are not naturally better than feoal~s in 
mathematics. 

39. I would have more faith in the answer for a math 
problem solved by a ~~n than a woman. 

40. When a woman has to solve a math problem; it is 
feminine to ask a man for help. 

41. Females al"p. as good as males in geometry. 

42. Studying mathematics is just as appropriate [or 
women as for men. 

43. Women certainly are lo~~cal enough to do well in 
mathematics. 

44. Mathematics is for men; arithmet ic is for women. 

45. GirlS can do just as well as boys in mathematics. 
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46. I would trust a wonun just as much as I would trust A B C D E 

a man to figure out important calculations. 

47. I would expect a woman mathew~tician to be a A B C D E 

masculine type of person. 

48. Girls who enjoy stuc1yi~g math are a bit peculiar. A B C D E 
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49. I'll need ~~thematics for my future work. A B C D E 

50. Mathematics will not be ir.:portant to me in my A B C D E 
life's work. 

5l. I study mathematics because I know how useful it 1s. A B C D E 

52. Knowing mathematics will help me earn a living. A B C D E 

53. Mathematics is of no relevance to my life. A B C D E 

54. I see mathematics as a subject I will rarely use A B C D E 
in my daily life as an adult. 

55. Mathematics is a worthwhile and necessary subject. A B C D E 

56. I expect to have little use for ffiathematics when A B C D E 
I get out of school. 

57. I will use mathematics in many ways as an adult. A B C D E 

58. Taking mathematics is a waste of time. A B C D E 

59. I'll need a firm mastery Cif n.athematics for my A B C D E 
future work. 

60. In terms of my adult life, it is not important for A B C D E 
me to do well in rna thema tics in high school. 
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(6) ~~the~atics Anxiety Scale (A) 

61. I get a sinking feeling when I think of tryil',g 
hard math problems& 

62. Y~ther.atics usually makes me feel uncomfortable 
and nervous. 

63. Math doesn't scare me at all. 

64. I almost never have gotten shook up during a 
math test. 

65. My mind goes blank and I an unable to think 
clearly ,.;hen working ma themat ics. 

66. A math test would scare me. 

67. I usually have been at ease during math tests. 

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

69. Mathematics makes me feel uneasy and confused. 

70. It wouldn't bother me at all to take more math 
courses. 
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71. Mathematics makes me feel uncomfortable, restless, ABC D E 
irritable, and impatient. 

72. I usually have been at ease during math tests. ABC D E 
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(7) E:fectcmce Notivation in Hathematic5 Scale (E) 

73. I po as little ~ork in math as possible. 

74. Figuring out r.4thematicsl problems doc~ not 
appeal to me. 

75. I like math puzzles. 

76. I would rather have sorneone give me the solution 
to a difficult math problem than to have to work 
it out for ~self. 

77. \fuen a question is left unans\vered in r..at.h class, 
I continue to think about it after~ard. 

78. I am ch?llenged by math problcr.~s I can't 
understand i~~ediately. 

79. Hath puzzles are boring, 

80. Once. I start trying to work on a math puz~le, 1 
find it hard to stop. 

81. The challenge of math problems does not appeal 
to me. 

82. I dcn't understand how some people can spend so 
much time un math and seem to enjoy it. 

83. Mathematics is enjoyable and stimulating to me. 
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84. When a math problems arises that I can't immediately ABC D E 
solve, I stick with it until I have the solution. 
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Profile of Sample by Gender, Curriculum Track and Grade 

TRACK 1 

male female 

9th grade 13 7 

10th grade 4 8 

11th grade 6 13 

12th grade 3 6 --

Totals 26 34 

TRACK 2 

male female 

19 18 

29 29 

23 19 

2 7 

73 73 

TRACK 3 

male female 

26 

40 

26 

20 

112 

19 

27 

25 

13 

84 

90 
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