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The purposes of this study were to apply a model of 

achievement-related behaviors to a sample of eighth-grade 

girls and to ascertain whether this theoretical model 

continued to describe girls' internal beliefs regarding 

mathematics. The hypothesized model contained three 

exogenous and seven endogenous variables. The three 

exogenous variables were: socioeconomic status, family help, 

and prior achievement. The seven endogenous variables, 

which comprised the internal belief system, were: 

stereotyping mathematics as a male domain, perceptions of 

parents' attitudes towards the study of mathematics, self-

concept of mathematics ability, perceived difficulty of 

mathematics, goals with respect to mathematics, expectations 

for success in mathematics classes, and perceived value of 

mathematics. Achievement-related behaviors, the dependent 

variable, included: task choice, task persistence, and task 

performance. 

Participants in the study were 353 eighth-grade girls 

from an urban district in North Texas. During a 90-minute 



session, students completed a 70-item questionnaire and a 

15-item mathematics performance assessment. The student 

questionnaire was designed to assess those variables 

hypothesized to influence achievement-related behaviors. 

The mathematics performance assessment was adapted from the 

Texas Assessment of Academic Skills (TAAS), a criterion-

referenced achievement test. 

Data were analyzed using a path analytic multiple 

regression technique, Latent Variable Path Analysis with 

Partial Least Squares (LVPLS). From the analysis of data, 

the hypotheses of the research were supported. The 

hypothesized model accounted for 52% of the variance in 

achievement-related behaviors, and the direct influences 

exerted by value and expectancy were meaningful. 

Recommendations for future research include expanding 

the recognition of an internal belief system of girls with 

respect to mathematics, providing girls early intervention 

programs that emphasize affective as well as cognitive 

activities, and examining the influence of the internal 

belief system on mathematics achievement-related behaviors 

of girls at different grade levels. 
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CHAPTER I 

INTRODUCTION TO THE STUDY 

Background 

Competence in mathematics has been identified for some 

time as a critical skill directly related to educational and 

occupational choices. As students progress through the 

mathematics curriculum, girls and boys show little 

difference in ability, effort, or interest in mathematics 

until the adolescent years when course selection and 

career choices are being made. According to the National 

Research Council (1989), many girls fail to enroll in 

mathematics courses after those required for high school 

graduation such that by the end of schooling there is 

a difference in boys' and girls' learning and achievement 

of mathematics. Reports indicate that girls are not as 

willing as boys to participate in mathematics education; 

thus, they are not equally prepared to learn mathematics 

and are less likely to pursue mathematics-related careers 

(Leder & Fennema, 1990; Clewell, Anderson, & Thorpe, 

1992). 

A seminal report by Benbow and Stanley (1980), based on 

data from the Study of Mathematically Precocious Youth, 

suggested that boys had better mathematical ability than 

girls who had taken equivalent course work and that girls 
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choose not to take more rigorous mathematics classes because 

they do not understand mathematics. Responses to this 

biological argument were heated. Critics argued that Benbow 

and Stanley assumed erroneously that boys and girls, having 

the equivalent number of courses, have the same formal 

educational experiences and training in mathematics. Some 

researchers stated that children's attitudes about learning 

develop inside and outside of the classroom and that even in 

the same classroom, boys and girls often learn different 

lessons (Becker, 1981; Brophy, 1985; Sadker & Sadker, 1986). 

Additionally, other researchers stated that differences in 

the treatment and expectations of girls and boys from 

infancy influence the types of skills they develop through 

play, how confident they feel as learners, and even what 

intellectual risks they are willing to take; thus, the 

accumulation of these learnings must be accounted for when 

investigating students' mathematics achievement (Meece, 

Parsons, Kaczala, Goff, & Futterman, 1982; Fennema & 

Peterson, 1985). Consequently, many of the studies after 

the Benbow and Stanley report focused on psychological and 

sociological variables to explain gender differences in 

mathematics participation and performance. These studies 

reported that as students enter into adolescence and begin 

to elect their mathematics courses, differences in 

performance, participation and confidence appear even though 

girls and boys perform equally well during the elementary 
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years. Researchers found that fewer girls than boys elected 

to take advanced level mathematics courses or enter math 

oriented careers, and although girls outperformed boys in 

high school mathematics classes, boys performed at a higher 

level than girls on standardized achievement tests (Kimball, 

1989) . 

The overwhelming evidence from studies conducted during 

the 1980s suggests that the internal belief systems 

developed by students regarding mathematics had significant 

influences on achievement-related behaviors in mathematics. 

As a result of gender socialization, girls learn to approach 

mathematics with greater uncertainty and ambivalence than do 

boys. Girls who develop a positive belief system about 

mathematics in which they feel competence in their 

mathematical abilities participate in more advanced 

mathematics courses (Eccles, Adler, Futterman, Goff, 

Kaczala, Meece, & Midgley, 1983, 1985; Fennema & Peterson 

1985; Reyes, 1985; National Research Council, 1989; American 

Association of University Women, 1991; Albjerg, 1992) . 

Several researchers have theorized causal models of 

achievement based on social and psychological variables to 

explain gender differences in mathematics performance and 

participation (Eccles et al. 1983, 1985; Fennema & Peterson, 

1985). The most comprehensive theoretical model is the 

Model of Academic Choice (see Figure 1, Appendix A) proposed 

by Eccles et al. Drawing on concepts used in achievement 
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motivation, decision making and attribution research, Eccles 

and her colleagues developed an achievement model linking 

academic behaviors to expectations of success in order to 

explain gender differences in three mathematical 

achievement-related behaviors: task choice, task 

persistence, and task performance {Meece et al. 1983). The 

two underlying assumptions of the model were: (1) Social and 

psychological factors influence students' performance in 

mathematics and directly and indirectly influence students' 

decisions about pursuing higher level mathematics courses; 

(2) It is not reality itself (i.e., past experiences) that 

most directly determines students' expectancies, values, and 

behaviors, but the students' interpretation of that reality. 

Ethington (1991, 1992) expanded the research of Eccles and 

colleagues by determining the degree to which the key 

constructs of the Model of Academic Choice, student's 

expectations for success and task value, directly influenced 

task choice and task performance and served as mediators for 

the indirect influence of prior constructs (see Figure 2, 

Appendix B). 

Statement of the Problem 

The problem of this study was to identify components of 

eighth-grade girls' internal belief systems related to 

mathematics and to investigate the influence of those belief 

systems upon students' decisions regarding mathematics 

choice, persistence and performance. 



Purposes of Study 

The purposes of this study were (a) to apply the 

revised Ethington model, as shown in Figure 3, to a sample 

of eighth-grade girls, (b) to ascertain whether this 

theoretical model, developed in 1983, continues to describe 

girls' internal beliefs regarding mathematics, and (c) to 

determine the degree to which the variables of the model 

directly or indirectly influence girls' mathematics 

achievement-related behaviors. 

S E S S t e r e o t y p i n g - S e l f - C o n c e p t E x p e c t a n c y 

Family Help 

Perceptions 

of Parents' 

A t t i t u d e s 

A c h i e v e m e n t - R e l a t e d 

B e h a v i o r s 

c h o i c e 

• p e r s i s t e n c e 

- pe r f o r m a n e e 

Prior A c h i e v e m e n t Di f f icult y- Value 

Figure 3. Hypothesized model of achievement-related 

behaviors. 

Hypotheses 

The following hypotheses were made for the purpose'of 

this study: 

1. The hypothesized model will account for a 

significant portion of the variance in the achievement-

related behaviors. 
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2. The direct effect of value in the hypothesized 

model will have a significant influence on eighth-grade 

girls' mathematics achievement-related behaviors.. 

3. The direct effect of expectancy in the 

hypothesized model will have a significant influence on 

eighth-grade girls' mathematics achievement-related 

behaviors. 

Significance of Study 

As we move toward the twenty-first century, a deeper 

understanding and appreciation of mathematics is becoming 

more important, as reflected in national goals for education 

developed in 1990. Goal three of the National Education 

Goals, as cited in the AAUW report (1992), states: 

By the year 2000, American students will leave grades 

4. 8 and 12 having demonstrated competency in 

challenging subject matter including English, science, 

mathematics, history and geography; and every school 

in America will ensure that all students use their 

minds well, so they may be prepared for responsible 

citizenship, further learning, and productive 

employment in our modern society, (p. 94.) 

Achievement and participation of girls as well as boys 

in mathematics are vital for a scientifically literate 

society {Wilson, 1992). High school mathematics has 

traditionally been considered a "critical filter" for a wide 

variety of professional careers. If we believe that there 
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is nothing inherent in girls that keeps them from learning 

mathematics at the same level as do boys then we must look 

to other explanations for the discrepancy in girls' 

mathematics performance and participation. Fennema and 

Sherman (1977) and Eccles et al. (1983, 1985) theorized that 

social and psychological variables play a significant role 

in this phenomenon. In order for girls to become proficient 

in problem solving and to share equally in the economic 

structure of our society, they must be more confident in 

their abilities. Girls must be assisted in developing more 

positive internal belief systems regarding mathematics. 

This research will provide a current in-depth analysis of 

the internal belief systems of eighth-grade girls regarding 

mathematics and will supplement the existing knowledge 

regarding gender differences in mathematics achievement. 

Definition of Terms 

The following definitions were used for this study: 

1. Achievement-related behaviors: the dependent 

variable of the model. The behaviors include task choice, 

task persistence and task performance. 

2. Internal belief system: seven endogenous variables 

in the Ethington's model of achievement behaviors. They 

are: stereotyping, perceptions of parents' attitudes, 

self-concept, goals, difficulty, expectancy and value. 

3. Expectancy: anticipation to perform well on 

mathematics tasks and in future mathematics classes. 
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4. Value: the importance placed on a task based on 

the degree to which the task fulfills needs, facilitates 

attainment of goals, or affirms personal values. Two 

components of value are utility value and personal value. 

(a) Utility value: the importance placed on 

mathematics based on the extent to which 

mathematics facilitates attainment of future 

goals. 

(b) Personal value: the importance placed on 

mathematics based on the extent to which 

mathematics affirms one's sex role identity. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

Mathematics has been traditionally considered the 

"critical filter" to academic and career choices 

(Sells, 1978). Girls' decisions to limit mathematics 

participation have serious consequences from the immediate 

effects of education inequity to the long-range effects of 

restricted career options. In 1992, The American 

Association of University Women (AAUW) stated in its 

report, How Schools Shortchange Girls, that women make up 

45% of the nation's work force but that they are heavily 

concentrated in a narrow range of occupations. Of the 

women working outside the home, 60% work in female-intensive 

positions such as secretaries, nurses, teachers and 

psychologists, with lower average wages than men's wages 

in general. However, a study conducted by the Department 

of Education in 1991 revealed that the wage differential 

favoring men is less or disappears altogether for women 

with eight college mathematics credits. Yet, it is still 

common for girls to comment that they are not "good" at 

math, that math is difficult for them, and that they do not 

intend to take more than the minimal math courses required 

for graduation. Girls continue to be plagued by the "math 

mystique." 
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In the last 15 years serious attention has been given 

to gender differences in mathematics achievement. The 

standard view during the 1970s was that gender differences 

in achievement, thought to be relatively small, were more 

likely to be due to socialization factors embedded in the 

family and at school (Fennema & Sherman, 1977; Maccoby & 

Jacklin, 1974). A widely publicized article by 

psychologists Benbow and Stanley (1980) challenged those 

assumptions. Based on extensive data from a study conducted 

for eight years on approximately 10,000 mathematically 

talented seventh and eighth-grade students, the researchers 

concluded that significant differences in mathematical 

abilities exist between males and females. Moreover, they 

stated that these differences stem from superior innate 

mathematical abilities in males. Benbow and Stanley's 

claims sparked a controversy whose effects are still being 

felt. 

Although the significance of Benbow and Stanley's 

research is still being debated, many researchers reject the 

notion that biology alone is sufficient to explain 

achievement. Brush (1980) found that as girls entered high 

school, they began to perceive themselves as less competent 

in mathematics and they had more negative views of 

mathematics even though they performed equally well as boys 

in elementary school. To explain this phenomenon, Brush 

proposed that psychological variables, perceptions, and 
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internal beliefs about mathematics play a major role in 

influencing students' achievement decisions. 

In response to the shortcomings of the Benbow and 

Stanley report, Eccles et al. (1983) were among the first to 

embrace the notion that an integrative theoretical framework 

for investigating influences of mathematics achievement-

related behaviors was needed. Thus, the Model of Academic 

Choice was developed. The underpinnings of their model were 

derived from achievement and motivation research of the past 

decades. 

Achievement and Motivation Literature 

Atkinson (1964) first conceptualized that the value or 

motivation for engaging in a task was directly related to 

the degree of difficulty or challenge that the task was 

perceived to have. Dissatisfied with this interpretation, 

other researchers suggested a more individualistic view of 

task value and motivation (Crandall, Katkovsky, and 

Crandall, 1965; Parsons & Goff, 1978). According to these 

theorists, the value of a task is determined by both the 

characteristics of the task and by the needs, values, and 

goals of the individual. How well any task fulfills one's 

needs, affirms one's personal beliefs, or facilitates 

attainment of one's goals determines the value attached to 

the task or the motivation to engage in the task. 

Weiner (1972, 1974) extended the motivation analysis 

in his research. Weiner proposed that in addition to 
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perceived value of a task, the affect associated with 

achieving on a task is a consequence of what individuals 

perceive as the cause for their success or failure on that 

task, thus affecting their motivation. Weiner (1974) 

measured students' affect associated with succeeding or 

failing on an exam. When success was attributed to internal 

factors such as effort or ability, students experienced more 

positive affect (i.e., feelings of confidence, pride and 

satisfaction) than when success was attributed to ease of 

task or situational factors. Additionally, attributions of 

success that were perceived as indicative of high ability 

were associated with more positive affect than success that 

was perceived to be due to unstable causes such as high 

effort, good luck, or task ease. Conversely, failure 

attributed to lack of ability evoked feelings of 

incompetence, shame and dissatisfaction. Less negative 

feelings were experienced when failure was attributed to 

less effort. Stability of the cause became particularly 

salient in the case of failure. It was demonstrated that 

locus of causality (i.e., internal or external) and 

stability or duration of cause were two variables which 

influenced motivation to engage in or sustain a task 

(Covington & Berry, 1976; Weiner, 1974). 

In summary, psychological variables identified as 

influencing an individual's choice, motivation, and 

decisions to engage in achievement tasks include but are not 
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limited to the student's concept of ability, perceived task 

difficulty, and perceived task value. This analysis 

stresses the importance of examining the subjective meaning 

given to learning as well as to the quality of the 

educational experiences. Accordingly, this body of research 

provides the theoretical foundation for the Model of 

Academic Choice because it argues that achievement-related 

behaviors are mediated by and are the product of 

psychological and sociological processes (Fennema & Sherman 

1976, 1977; Lewin 1938; Weiner, 1974). 

Model of Academic Choice 

The two major components of the researchers' model are 

developmental socialization determinants of achievement 

outcomes and psychological determinants of achievement 

outcomes. The first component emphasizes expectancies and 

behaviors of socializers (i.e., parents and teachers) as 

well as students' perceptions of these attitudes and 

behaviors. The second component includes expectancies for 

success, goals, self-concept of ability, subjective 

interpretation of past events, perceived task value and task 

difficulty. Expectancy for success and task value were 

hypothesized to influence directly the achievement-related 

outcomes and to mediate the influence of previous constructs 

of the model. 
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Expectancies and Attitudes of Socializers 

Studies have indicated that the expectations of 

socializers regarding students' performance can influence 

actual performance and motivation (Rosenthal & Jacobson, 

1968) . Attitudes of socializers often reflect stereotypes 

regarding an alleged natural superiority of boys' 

mathematical ability and a different gender utility for 

mathematical skills (Brush, 1980). These views suggest that 

socializers can undermine girls' confidence, their 

motivation to perform well, and their actual learning in 

mathematics. Attitudes of male and female socializers may 

create different expectations and goals for boys and girls 

which directly influence concept of mathematical ability. 

Thus, even though girls are not being excluded 

systematically from mathematics courses, they may feel that 

they "should be" less competent and perform less well as a 

result of subtle messages. Several studies have suggested 

that, in general, parents and teachers convey higher 

expectancies for boys than girls and that girls generally 

received less encouragement for their achievement (Brophy & 

Good, 1974; Fennema & Sherman, 1976). 

Perception of Others' Attitudes and Expectations 

Research has yielded consistent results in 

investigating the relationship between attitudes of others 

and students' perceptions of these attitudes. That is, 

students for whom teachers and parents have high 
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expectations generally have high expectations for 

themselves. When sex differences are evidenced, girls 

perceive their parents as having lower estimates of their 

daughters' abilities than parents have for their sons' 

abilities (Fennema & Peterson, 1985; Fennema & Sherman, 

1977, Fox, 1975). A student's perception of others' 

attitudes and expectations plays a critical role in the 

student's development of self-concept of ability. Eccles 

and colleagues (1983) noted, however, that the causal 

direction of the relationship is complex; that perhaps 

concept of ability and socializers' attitudes mutually 

influence one another. 

Child's Interpretation of Past Events 

According to the attribution theorists Weiner (1974) 

and Dweck (1975), causal attributions that are made for 

success or failure are predictive of students' future 

expectancies. The researchers argued that if people 

attribute success to a stable factor such as ability, they 

should expect continued success on future outcomes. If, 

however, they attribute success to unstable factors such as 

effort or luck, then they should be uncertain about future 

outcomes. Additionally, attributing failure to stable 

factors, such as ability, should produce expectations of 

continued failure. Failure attributed to unstable factors 

should not produce expectations of continued failure. 

Although some research (Covington & Omelich, 1979) did not 
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find consistent results, it was clear that in elementary-

school, girls perceived themselves as equally competent in 

mathematics as boys. Yet, by the end of schooling, girls 

more frequently gave lack of ability as the reason for their 

lack of participation in advanced mathematics courses 

(Brush, 1980; Ernest, 1976; Sherman, 1979; Wolleat, Pedro, 

Becker, & Fennema, 1980). Based on the attribution and 

achievement literature, attribution was included in this 

model as a potential mediator of self-concept of ability and 

achievement expectations. 

Self-Concept of Ability 

Self-concept, in general terms, is an individual's 

perception of self. The importance of students' perceptions 

of their own abilities in the achievement process has been 

discussed extensively in several reviews (Brookover & 

Erickson, 1975; Covington & Berry, 1976; Covington & 

Omelich, 1979). In their reports, self-concept of ability 

played a critical role in influencing a variety of 

achievement behaviors. Research specific to gender 

differences in mathematics achievement has yielded 

consistent results. Girls report lower estimates of their 

abilities than do boys but these differences do not emerge 

with consistency until junior and senior high school (Brush, 

1980; Ernest, 1976; Fennema and Sherman, 1977, Fox 1975; 

Sherman, 1981; Wolleat, Becker, Pedro, & Fennema, 1980). 

Additional studies indicated that children's self-concept of 
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ability was more directly related to their parents' beliefs 

about their math aptitude and potential than to their own 

past achievement (Meece, Parsons, Kaczala, Goff, & 

Futterman, 1982). Based on this evidence, it was predicted 

that individual differences in self-concept of ability would 

mediate mathematics achievement behaviors by directly 

influencing students' perception of task and expectancy for 

success. 

Stereotyping Mathematics 

Numerous studies have indicated that more high school 

than elementary students view mathematics as a male 

achievement domain. Peer groups and sex-role identity 

become very powerful during the middle school years and 

begin to replace parents as the major source of behavioral 

standards and recognition of achievement (Brush, 1980; 

Ernest, 1976; Sherman 1980). Ernest and Brush hypothesized 

that being accepted by peers, developing close friendships, 

and developing a gender identity make a difference in 

adolescent children. For girls, as the concept "female" 

becomes a part of their identity, the way they think about 

or measure themselves changes. Studies on parental 

attitudes and expectations of children's mathematics 

achievement indicated that parents and teachers who embraced 

the cultural view of stereotyping mathematics as a male 

achievement domain felt that girls were less competent and 

had less need for mathematics than boys. Subtle messages 



18 

may be sent to girls that they should "feel" less competent 

and perform less well than boys (Brush, 1980; Ernest, 1976; 

Fennema & Sherman, 1976). Socializers' stereotyping 

attitudes affect girls' self-concepts. When this phenomenon 

occurs, it is one factor that influences girls' decisions 

regarding their mathematics performance and participation. 

Perception of Task Difficulty 

The research on task difficulty has contradicting 

evidence. Intuitively, one may reason that the more 

difficult a task is perceived to be, the less likely one 

will be to engage in the task. In experimental settings, 

Weiner (1972, 1974) found that task choice was related to 

task difficulty. However, in an achievement situation, 

Husen (1967) did not find any relation between perceived 

task difficulty and mathematics achievement. Eccles and 

colleagues (1983) stated that perceived task difficulty was 

important to their model. The researchers hypothesized that 

difficulty may influence self-concept such that, over time, 

students who see a task as more difficult develop lower 

estimates of self-concept for that task. Eccles et al. 

argued that task difficulty was an important mediator of 

achievement expectancies. 

Goals 

A goal is a specific achievement outcome. Particular 

behaviors are engaged in to reach specific achievement 

outcomes and these behaviors may be reinforced either 
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internally or externally. Internal reinforcement is thought 

of as intrinsic motivation (Spence & Helmreich, 1983) . 

Goals, along with needs and values of the person, determine 

the value of a task (Parsons & Goff, 1978). Intrinsic, 

extrinsic and peripheral motives for goals are discussed in 

detail by Spence and Helmreich. The researchers indicated 

that girls may be more motivated than boys by the peripheral 

motive social approval. Although the distinctions among 

goals, motives and reinforcement are difficult to measure 

separately, researchers continue to make these distinctions 

because these distinctions may have implications for 

differential performance on achievement behaviors. 

Task Value 

In Atkinson's original theory (1964), the value that 

an individual attaches to success or failure on a task is 

assumed to be a critical determinant of achievement 

motivation. As previously discussed, other researchers 

broadened the definition to include the needs, goals and 

values of the person engaged in the task (Crandall et al., 

1962; Parsons & Goff, 1978). Eccles et al. (1983) expanded 

Crandall's theory and defined task value as the degree to 

which a task provides a challenge, brings inherent 

enjoyment, and facilitates attainment of future goals. 

Utility and attainment values are important concepts when 

discussing girls' perceptions of mathematics. For example, 

if girls choose career goals that require mathematics 
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backgrounds, whether or not there is an inherent interest in 

mathematics, the value attached to mathematics will be high 

because of its long range utility. The students' goal 

achievements outweigh their feelings about mathematics. 

Similarly, if students consider themselves to be highly 

capable and define certain courses (e.g., advanced 

mathematics) as courses for "smart" students, then 

successful participation in the courses may affirm the 

students' self-concepts. The value of a task to a 

particular individual is a function of both the perceived 

quality of the task and the person's needs, goals and 

self-perceptions. Eccles et al. hypothesized that task 

value influences directly students' differential achievement 

behaviors. 

Expectancy 

The expectation for success in achievement literature 

has been recognized as an important variable in determining 

behavioral choice (Atkinson, 1964) and for determining 

academic performance, task persistence, and task choice 

(Crandall, 1969; Covington & Omelich 1979). In laboratory 

studies using novel tasks, elementary school girls and older 

girls had lower general expectancies than boys of any age 

(Crandall, 1969). It is this generalized expectancy that is 

hypothesized as influencing many decisions regarding future 

achievement behaviors (Frieze, Fisher, Hanusa, McHugh, and 

Valle, 1978) . Girls were shown to have lower expectancies 
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despite past performance history. Eccles et al. (1983) 

proposed that expectancies for success are influenced most 

directly by self-concept of ability and by the student's 

perception of task difficulty. Past experiences of success 

and failure are mediated through the student's perception of 

these events and socializers' expectancies. In summary, the 

researchers proposed that expectancy plays a significant 

role in students' achievement behaviors—task choice, task 

performance, and task persistence. 

In justifying the constructs of the Model of Academic 

Choice, Eccles and colleagues (Meece, Parsons, Kaczala, 

Goff, & Futterman, 1982) made the following statement: 

Although our model does not rule out the possibility 

of biological explanations for sex differences in math 

achievement, it does emphasize social and motivational 

factors. We believe that in making decisions to 

pursue a particular course of study, natural ability 

is just one among many factors weighed, and that the 

final decision is more likely to be a consequence of 

the students' interpretation of reality than of 

reality itself, (p. 343.) 

Eccles et al. (1983, 1985) tested their model in a 

longitudinal study using 668 students in grades 5 through 

12, their parents and their teachers. Data were collected 

primarily through the techniques of student, teacher, and 

parent questionnaires and classroom observations. Over a 
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two-year period, Eccles and colleagues analyzed the data 

using path and cross-lagged panel analyses. During the 

first year, results estimating the influence of the 

psychological components of the model were mixed in support 

of the hypothesized relationships. That is, while 

expectations for success and perceptions of task value were 

predicted to influence directly the achievement-related 

behaviors, only students' perceptions of the value of the 

task had a significant direct influence. Further, results 

of the developmental component indicated that parents, 

especially mothers, had a stronger influence on children's 

achievement-related beliefs than did teachers. 

Additionally, parents' attitudes and beliefs influenced 

students' self-concept of ability, which influenced 

achievement-related outcomes. Data from the second year 

validated the hypotheses. Both expectancy and value 

directly influenced the achievement-related outcome. 

Model of Achievement Behavior 

Eccles and colleagues (1983, 1985) did not estimate 

the indirect effects of the separate variables to determine 

the full extent to which the psychological constructs of the 

model mediated the influence of prior constructs. Thus, 

Ethington (1991, 1992) investigated the Model of Academic 

Choice by utilizing path analysis to calculate and test the 

significance of the direct and indirect influences implied 

by Eccles and colleagues. Ethington's model utilizes the 
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same sociological and psychological variables as does the 

Eccles' model. Ethington, however, describes the 

sociological variables as exogenous and the psychological 

variables as endogenous. The exogenous variables are family 

help, family socioeconomic status, and the student's prior 

achievement. The seven endogenous variables of the model 

are: stereotyping, perception of parents' attitudes, 

difficulty of task, self-concept of ability, goals, 

expectation for success, and value of task. These 

endogenous variables are based on the student's perceptions 

and beliefs and comprise the student's internal belief 

system. 

Ethington (1991) tested the influence of the 

constructs on the achievement-related behavior: intention to 

take more mathematics. The key constructs within the model, 

expectations for success and value, were hypothesized to 

exert the strongest influence on intention. While value did 

have the strongest direct influence on intention, 

expectation for success did not have a significant 

influence. Variables found to exert direct influence on 

intention were value, stereotyping mathematics as a male 

domain, self-concept of ability, and goals. Ethington also 

found, as hypothesized, that prior achievement did not have 

a direct influence on intention to take more mathematics 

courses. 
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Ethington (1992) tested the influence of the 

constructs on the dependent variable: current achievement. 

Ethington found, as have other researchers, that the most 

significant direct influence on current achievement is prior 

achievement. Of the endogenous variables, stereotyping 

mathematics as a male domain and students' perception of 

task difficulty had both significant direct and indirect 

influences. The constructs task value and expectations for 

success did not have the direct effect on achievement as 

hypothesized by Eccles and colleagues. 

In summary, Eccles et al. (1983) developed the Model 

of Academic Choice in the early 1980s to compare the 

differences between males' and females' attitudes and 

beliefs related to mathematics. The researcher and her 

colleagues continued to test portions of the model during 

the mid 1980s. The full model was not tested again until 

Ethington's research in 1991 and 1992. Although Ethington's 

studies were recently reported in mathematics education 

journals, the researcher used existing data from the 

Population A cohort sample of eighth-grade students in the 

Second International Mathematics Study (SIMS) conducted 

during the 1981-1982 academic year. SIMS was a survey of 

the teaching and learning of mathematics in 24 countries 

conducted by the International Association for the 

Evaluation of Educational Achievement. A current concern 

expressed in mathematics education literature and in the 
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AAUW report, How Schools Shortchange Girls (1992), is the 

need for studies focused exclusively on issues.related to 

girls' mathematics performance. 

Since the ultimate test of any theoretical model 

occurs when the model is found to hold for different 

populations, additional evidence from studies whose 

exclusive focus is junior high school girls is needed. I 

proposed to test the applicability of the direct and 

indirect influences of the endogenous variables on 

mathematics achievement-related behaviors suggested by the 

theoretical work of Eccles et al. (1983) and Ethington 

(1991, 1992). 



CHAPTER III 

METHODOLOGY 

Site of the Study 

The site of this study was an urban school district 

in North Texas. The school district educates approximately 

33,000 students from kindergarten through 12th grade. 

Four senior high schools (grades 10-12) are the centers 

of the attendance zones. Students feed into the high 

schools from 9 junior high schools (grades 7-9) and 36 

elementary schools (grades K-6). At the time of this 

study, enrollment in the nine junior high schools was 

7,400, with average enrollment approximating 800 students. 

Grade level enrollment reflected 2,600 students in grade 

7, with 2,500 and 2,300 students in grades 8 and 9, 

respectively. 

The school district offered three choices of 

graduation programs to its students, which was in 

compliance with the Texas State Board of Education: 

regular high school program (21 credits), advanced high 

school program (22 credits), and advanced high school honors 

program (22 credits with specific honors courses). Each 

program contained at least three credits of mathematics. 

Mathematics is an important issue for students as early as 

seventh and eighth grades because many students following 

26 
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the advanced or advanced with honors programs complete 

Algebra I prior to the ninth grade, for which they receive 

graduation credit. Students then may select additional 

courses for college preparation. 

Participants in the Study 

Participants of this study were eighth-grade girls 

enrolled in the three graduation programs from six of the 

nine district junior high schools. The six participating 

schools represented each of the district's four high school 

attendance areas. The non-participating schools, 

representing three attendance areas, did not differ 

demographically from the participating schools. A master 

list of mathematics classes for eighth grade, obtained from 

the district's Financial, Technology, and Management 

Information Services Office, was used to determine the 

number of mathematics classes. The master list indicated 75 

eighth-grade mathematics classes. Nineteen of the 75 

classes, approximately 25%, were listed as honors classes. 

A similar ratio of honors to regular mathematics classes was 

used for this study. Twenty-nine eighth-grade mathematics 

classes were selected. Seven of the 29 classes, 

approximately 25%, were honors classes. Further, 353 girls 

from the 29 classes participated voluntarily in this study. 

Hypothesized Model 

This study utilized the Ethington (1992) Estimated 

Model of Achievement Behaviors (see Figure 2, Appendix B) 
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with a revision of the dependent variable. The achievement-

related behaviors of this study were task choice, task 

persistence and task performance rather than current 

achievement. As indicated by Ethington and other 

researchers in previous achievement studies, the most 

significant influence on current achievement is prior 

achievement, thereby mediating the effects of other 

variables. Consequently, the present revision defined 

achievement-related behaviors as task persistence, task 

choice, and task performance, which were consistent with the 

achievement-related behaviors in Eccles' et al. original 

study. Additionally, although the exogenous variables from 

the Ethington study were included in this research, the 

endogenous variables which comprise the students' internal 

belief system were the foci of this study. 

The path analytic model estimated in the present study 

(see Figure 3) indicated the hypothesized relationships and 

the presumed causal direction of the relationships at any 

one point in time. For example, the exogenous variables to 

the far left—socioeconomic status (SES), family help and 

prior achievement—were variables whose influence was assumed 

to be determined by causes outside the hypothesized model. 

Subsequent variables in the model were considered endogenous 

variables. That is, they were influenced by variables in 

the model. Each exogenous variable in the first column was 

hypothesized to influence the first column of endogenous 
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variables: stereotyping mathematics as a male domain and 

perceptions of parents' attitudes towards the study of 

mathematics. Girls' perceptions of the difficulty of 

mathematics and their self-concept regarding mathematics 

were the next endogenous variables. The predominant 

influence to these constructs was theorized to be derived 

from stereotyping, prior achievement, and perceptions of 

parents' attitudes. Students', goals, the next endogenous 

variable, was expected to be directly influenced by 

self-concept, difficulty, perception of parents' attitudes, 

and stereotyping. 

Central to the hypothesized model are the next 

endogenous constructs: perceived value of mathematics 

and expectancy for success in mathematics. Value and 

expectancy were hypothesized to be influenced directly by 

self-concept, difficulty, and goals. Additionally, an 

indirect effect to expectancy and value was hypothesized 

from stereotyping, self-concept, perceptions of parents' 

attitudes, and difficulty. The final variable of this model 

represents the achievement-related behaviors task choice, 

task persistence, and task performance. As in the previous 

studies, only expectancy and value were hypothesized to 

directly influence the achievement-related behaviors, with 

influence from the other endogenous variables manifested 

only indirectly. 
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Description of Measures 

Achievement Data 

The measures used for Prior Achievement were the Norm-

referenced Assessment Program for Texas (NAPT) and the Texas 

Assessment of Academic Skills (TAAS). These tests are 

administered by classroom teachers under standardized 

conditions to all students in selected grades as required by 

the Texas Education Agency. 

NAPT compares the achievement of Texas students with 

that of students across the nation. This standardized 

assessment program, developed by The Riverside Publishing 

Company, assesses a range of skills from basic knowledge to 

the use of higher order thinking skills in the areas of 

reading, language, mathematics, social studies, and science. 

Total math reflects scores from concepts and estimation, 

problem solving, and data interpretation and computation. 

The total mathematics developmental standard score was the 

statistic reported. The standard score is a single scale of 

scores that is continuous from grades 3 through 11 across 

all test levels. Equal differences in score units represent 

approximately equal differences in achievement. The 

standard scores reported for grades 3 through 11 of the NAPT 

ranged from 100 to 400. The standard score scale was 

established with average performance in the spring of Grade 

4 assigned a value of 200 and average performance in the 

spring of Grade 8 assigned a value of 250. The primary use 
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of standard scores is to measure achievement growth of 

students or groups of students from year to year. Standard 

scores allow the comparison of one student's performance 

with that of other students at the same grade level. The 

NAPT mathematics subtest was administered during the spring 

of 1993 to students in grades 3 through 11 (Texas Education 

Agency, 1993). 

TAAS is the criterion-referenced assessment program of 

Texas implemented for the period 1990-1995. This assessment 

program, given for the first time in 1990, assesses students 

in grades 4, 7 and 11 (exit level). TAAS emphasizes skill 

areas that improve a student's ability to think 

independently, read critically, write clearly, and solve 

problems logically in a real-world context. The TAAS 

mathematics test is based on 13 broad objectives that are 

congruent with the State Board of Education Rules for 

Curriculum. Although these 13 broad objectives remain 

consistent from grade to grade, the instructional target for 

each objective changes from one grade level to the next. 

The statistic used to assess student performance on the TAAS 

mathematics subtest was the mathematics scale score. The 

TAAS scale score system aligns a 1500 scale score with a raw 

score which represents correct responses on approximately 

70% of the subtest items. The passing score of 1500 

represents the minimum expectations standard set forth by 

the State Board of Education. Scale scores are used 
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primarily so that individual student scale scores can be 

compared to a constant standard of 1500 across test 

administrations. The higher the value of a scale score, the 

higher the level of achievement (Texas Education Agency, 

Fall, 1992). TAAS was administered in October, 1992, to 

seventh-grade students who were the eighth-grade students in 

this study. 

Student Questionnaire 

The student questionnaire was designed to assess those 

variables suggested as predictors of students' behaviors by 

the expectancy/value theory (Eccles, 1980). Questions 

derived from the research of Eccles, Ethington (1991), and 

Fennema and Sherman (1976), comprised the scales used to 

measure the effects of the variables hypothesized to 

influence achievement-related behaviors. Selected scales 

from the studies of the three researchers were combined into 

a single 70-item questionnaire for ease of administration 

(see Appendix C). 

From the Fennema-Sherman Mathematics Attitude Scales 

(1976) two scales were utilized. The Effectance Motivation 

Scale in Mathematics measured the extent to which students 

persisted at solving mathematical problems. This scale was 

used to measure the achievement-related behavior task 

persistence. The dimensions on the scale ranged from lack 

of involvement to active enjoyment and seeking of a 

challenge. The variable goals were assessed using the 
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Attitude Toward Success in Mathematics Scale. Attitude 

Toward Success in Mathematics assessed the goal of achieving 

academic excellence in mathematics and the degree to which 

students anticipate positive or negative consequences as a 

result of attaining the goal. Both scales consisted of 12 

items. The responses were arranged in a Likert scale format 

with a weighting of from 1 to 5 points. The weight of 5 was 

given to the responses hypothesized to have the most 

positive effect on the learning of mathematics. Scores on 

the two scales were a cumulative total of the Likert values 

so that the higher the scores, the more positive the 

attitudes. A split-half reliability coefficient of .87 was 

reported for each scale. 

In addition to the Fennema-Sherman scales, two scales 

from the SIMS data (Ethington, 1991) were utilized to 

estimate the theoretical model. The SIMS scales also were 

constructed utilizing the 5-point Likert scale format. The 

Perceptions of Parents' Attitudes Scale measured the degree 

to which parents were perceived by the girls as being 

encouraging and supportive of their study of mathematics. 

The Stereotyping Mathematics as a Male Domain Scale measured 

the degree to which students perceived and stereotyped 

mathematics study and pursuit as more appropriate for males, 

for females, or appropriate for both sexes. Items were 

coded such that higher values represented a greater degree 

of stereotyping mathematics as a male domain. The internal 
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consistency reliabilities of the two scales were .811 and 

.799 respectively. 

Eccles (1980) provided the majority of the questions 

for the remainder of the scales. Four scales from the 

research—Value, Self-Concept, Expectancies, and Difficulty-

were used. The Eccles' scales were constructed on a 7-point 

format with internal consistency reliability ratings ranging 

from .719 (Value) to .797 (Self-Concept). Seven questions 

combined from Eccles' and Ethington's research provided the 

scale for the dependent variable task choice. 

To ascertain socioeconomic status, four questions were 

developed by the researcher. The questions referred to the 

students' perceptions of parental education and parental 

employment. These questions were similar to the questions 

asked in the SIMS study reported by Ethington (1991). The 

family socioeconomic status questions reported in SIMS 

ascertained the level of mother's and father's education and 

current occupation. Family socioeconomic status had an 

internal consistency reliability measure of .692. For this 

study, an estimate of earnings was used to determine total 

family income. Students stated the occupations of their 

parents/guardians and the Occupational Outlook Handbook, 

(1992) was used to ascertain a median income for each 

occupation. The incomes were then totaled to derive total 

family earnings. 
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The learning environment of the student's home, 

measured by five questions, was included to measure family 

help. The variable family help, a single item in the SIMS 

study, measured the frequency of help given to the student 

when studying mathematics at home. Rather than utilize the 

single item from previous research, this study included 

questions from research conducted by the Dallas Independent 

School District during the 1992-1993 school year. The 

questions were part of a survey administered to students and 

related to family involvement, family encouragement and 

family support of the students' academic learning. Family 

help had an internal consistency reliability measure of 

.708. 

Performance Assessment 

To assess the achievement-related behavior of task 

performance, a mathematics performance assessment was 

developed by the researcher. The performance assessment 

(see Appendix D) was comprised of 15 questions adapted from 

the TAAS Mathematics Objectives and Measurement 

Specifications for grades 8 and 11 published by the Texas 

Education Agency in 1990. The mathematics portion of TAAS 

addressed 13 learning objectives which remained consistent 

from grade to grade. The 13 objectives assessed the 

student's ability to: demonstrate an understanding of number 

concepts; demonstrate an understanding of mathematical 

relations, functions, and other algebraic concepts; 
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demonstrate an understanding of measurement concepts using 

metric and customary units; demonstrate an understanding 

of geometric properties and relationships; use the 

operations of addition, subtraction, multiplication and 

division to solve problems; estimate solutions to problem 

situations; analyze and determine strategies to solve 

problems; express or solve problems using mathematical 

representations; and evaluate the reasonableness of a 

solution to a problem. 

For this study, the performance assessment required 

the students to solve 15 mathematical problems and elaborate 

on the strategies utilized. The 15 problems related to 

applying proportions and ratios, using probability 

reasoning, using addition, subtraction, multiplication or 

division to solve problems, manipulating algebraic 

equations, estimating solutions to problems, recognizing 

geometric properties, converting customary units of measure, 

and representing solution strategies in mathematical terms. 

A space was provided after each question for the students to 

write, in a descriptive fashion, how each problem was 

solved, that is, the strategy that was applied. 

Solutions to the performance assessment were evaluated 

according to the correctness of the response and the 

appropriateness of the strategy. The numerical scoring 

rubric (see Appendix E) developed during the pilot study 

revealed the following: score (5) a correct response with a 
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logical/appropriate strategy; score (4) a correct response 

or logical/appropriate strategy, but not both; score (3) an 

incorrect response or inappropriate strategy; however, there 

is some evidence of logical reasoning; score (2) an 

incorrect response with some evidence toward a problem 

solution; and, score (1) a response that indicates no 

evidence toward a problem solution. Possible scores on the 

assessment ranged from a maximum of 75 points to a minimum 

of 15 points. 

Data Collection Procedures 

Six of the nine junior high schools from the 

district's four attendance areas participated in this study. 

Twenty-nine mathematics classes from the six campuses were 

selected with 353 girls participating. To reflect the ratio 

of the district's honors classes to regular mathematics 

classes, proportion sampling by course offerings occurred. 

That is, 7 of the 29 mathematics classes were honors 

classes. 

The first phase of the study was to obtain permission 

to conduct research on campuses. Thus, during October, 

1993, the researcher wrote letters to the nine junior high 

school principals detailing the proposed research and asking 

permission to conduct either a pilot study or the proposed 

research on their campuses. Six of the nine principals 

responded favorably. Then, in November, a pilot study was 

conducted at one junior high school. Twenty-five eighth-
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grade girls, similar to those in the study, participated in 

the pilot. Data from the pilot were analyzed to assess the 

adequacy of administrative instructions, to establish the 

time required to complete the study, and to develop the 

numerical scoring rubric for the solutions to the 

mathematics performance assessment. After data collection 

from the pilot study, a copy of the student responses was 

given to two mathematics educators. They, along with the 

researcher, developed the numerical scoring rubric. 

Participation by the girls in the pilot study was voluntary, 

and parental permission (see Appendix F) was obtained. 

At the completion of the pilot in November, 1993, the 

researcher held meetings at the six participating schools 

with the eighth-grade mathematics department staff and an 

administrator. The plans to conduct research were outlined 

at that time. A request of the principals was that the 

study be conducted in one setting, thus reducing the 

interruption to instruction. To accomplish this, a 90-

minute block of time, two 45-minute instructional periods, 

was deemed appropriate for completion of the student 

questionnaire and performance assessment. The administrator, 

the eighth-grade mathematics teachers, and the researcher 

used the following factors to determine which teachers would 

participate: time periods when at least one of the 

mathematics classes being taught was an eighth-grade honors 

class, and time periods when teachers taught consecutive 
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eighth-grade mathematics classes, or time periods when 

concurrent mathematics classes were taught. This process 

identified 29 mathematics classes. From two to five classes 

of girls at each campus were selected with an average of 12 

girls per class. At least one honors class participated at 

every campus. Additionally, the teachers who participated 

were asked to provide a testing room separate from the boys 

to ensure against gender interference, and to distribute to 

the participants the parent consent forms, which were to be 

signed by the students' parents/guardians and returned to 

the researcher. Student participation was voluntary and 

parental permission was obtained for each student included 

in this report. 

Data collection commenced in December, 1993, and was 

completed in March, 1994. The researcher conducted the 

research to ensure uniform administration. Students who 

were not participating in the project remained with the 

classroom teacher. At the time of testing, a second 

permission was provided if a parental permission for a 

student had not been received. If a parental permission was 

not received by the completion of data collection, the 

student's information was not included in the study. 

To ascertain data on prior achievement and family 

socioeconomic status, school district records were reviewed. 

TAAS and NAPT testing records, records pertaining to a 

student's participation in the federally funded lunch 



40 

program, and records indicating the student's home language 

were obtained from the Office of Testing, Research and 

Evaluation. Student records with incomplete information in 

any of the above categories were not included; thus, the 

final number of respondents totaled 307 students. 

To preserve the confidentiality of the students, each 

respondent was given an identification number from 1 to 307. 

A master list of respondents' names and their corresponding 

identification numbers was maintained by the researcher 

during data collection and data analysis. At the completion 

of the project, the master list and all other identifying 

information were destroyed. 

Data Analysis Procedures 

A path analytic multiple regression technique, Latent 

Variable Path Analysis with Partial Least Squares (LVPLS), 

was utilized to estimate the parameters of the model and to 

measure the influences of the independent variables on the 

dependent variable, mathematics achievement-related 

behaviors. LVPLS, a computer data analysis package written 

by Jan-Bernd Lohmoeller (1984) and based on the work of 

Herman Wold, provided a tool for assessing constructs 

relating the theoretical model to the reported observations. 

LVPLS does not require stringent distributional 

assumptions such as normality and independence of residuals. 

LVPLS is referred to as a "soft modeling" approach. Falk 

(1987) stated that "soft modeling" is appropriate for use 
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when: (1) all salient relevant variables are not known; (2) 

relationships between constructs are uncertain, but 

conjectural; (3) manifest and latent variables are used; (4) 

relationships between theoretical constructs and their 

manifest variables are vague; (5) manifest variables may be 

categorical; (6) manifest variables have some degree of 

unreliability; (7) residuals of manifest and latent 

variables may be correlated; and (8) non-normal 

distributions exist. LVPLS estimated the inner model path 

coefficients, the R2 values, the squared correlations 

between the manifest values and their associated latent 

variables, referred to as communalities, and an index of the 

average correlation between all of the manifest variable 

spans and the latent variable spans referred to as the root 

mean square of the covariance coefficient (RMS COV E,U). 



CHAPTER IV 

PRESENTATION AND ANALYSIS OF DATA 

The purposes of this chapter are to present and 

analyze the data obtained from the responses to the 

student questionnaire described in Chapter III and to 

examine the hypotheses stated in Chapter I. The focus 

of the first phase of data analysis was on analyzing 

the student questionnaire. Scales used to measure 

the effects of the variables hypothesized to influence 

achievement-related behaviors were examined. A 

Cronbach Alpha Coefficient, which is a measure of 

internal reliability of a scale, was computed for each 

of the 11 scales of the study. These Alphas are shown 

in Table 1. With the exception of the scale Choice, 

coefficients were obtained for each scale without 

scale revision. Question 62 was omitted from the 

group of questions analyzed for the scale Choice. 

Additionally, the group of questions pertaining to 

Choice was measured utilizing three differing numerical 

scales. Consequently, the group of questions was 

collapsed into a common three-point scale for this data 

analysis. 

Data analysis of the hypothesized model using the 

Latent Variable Partial Least Squares (LVPLS) technique was 

42 
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Table 1 

Cronbach Alpha Coefficients, Mean, and Standard Deviations 

for Student Questionnaire Scales 

Scale 
Cronbach 
Alpha N SD N 

Family Help .7145 4.07 .65 304 

Stereotyping .6191 4.44 .73 304 

Perceptions of 
Parents' Attitudes .7280 4.37 .65 306 

Difficulty .8094 4.30 1.05 293 

Self-Concept .8280 4.78 1.23 300 

Goals .8655 4.18 .56 298 

Expectancy .8684 4.84 1.06 291 

Value .7270 5.33 .92 302 

Choice .7145 2.48 .45 298 

Persistence .8908 3.28 .77 292 

Performance Total 54.49 14.62 307 

Norm-referenced 
Assessment Performance 
for Texas 262.09 31.02 307 

Texas Assessment of 
Academic Skills 1663.62 193.11 307 

Note. Maximum number of respondents = 

reported in reference to the measurement or outer model 

and the structural or inner model. The measurement model 

specifies the relationships between the latent variables 

and manifest variables. The inner model specifies the 

relationships between the latent variables measured by path 

coefficients. 

The second phase of the data analysis was the 

computation of the measurement and structural models. 
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Correlation analyses indicated estimates of path 

coefficients, manifest variable weights, and manifest 

variable loadings. Additionally, product-moment 

correlations (r) were computed between each of the manifest 

and latent variables. The correlations for all 18 variables 

are given in Table 2. The number of students for whom 

complete data was available for each of these data points 

was 235. Consequently, the remainder of the data analysis 

was conducted with this sample. 

From analyzing the data presented in Table 2, the 

majority of the inverse correlations were expected as a 

result of the direction of the responses to the questions. 

The negative correlations involving difficulty and the other 

variables were expected because students who viewed 

mathematics as being difficult showed an inverse 

relationship to high performance on such variables as goals, 

expectations, and achievement-related behaviors. The 

negative correlations involving home language were 

unexpected. However, the number of students who reported 

home languages other than English was small (n = 33), with 

Chinese, Spanish, Korean, Farsi, Vietnamese, and Laotian 

being the six other identified languages. 

The high correlations between the Norm-referenced 

Assessment Program for Texas (NAPT), Texas Assessment of 

Academic Skills (TAAS), and task performance were expected 

because task performance required mathematics computation 
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and problem solving. The total mathematics score from the 

NAPT reflects skill in concepts, estimation, problem 

solving, and data interpretation and computation. Items on 

the TAAS were similar to task performance items. The high 

correlations between the measures of prior achievement, TAAS 

and NAPT, were expected because both assessments were group 

administered standardized tests. Although the TAAS was 

described as criterion-referenced and the NAPT was a norm-

referenced assessment, both instruments required similar 

knowledge and skill for high performance. These 

correlations suggest that the data accurately represent the 

instructional situation as observed by the researcher. The 

correlation matrix described in Table 2 indicates 

correlations that are similar to or above those reported by 

Ethington (1992). 

Kerlinger (1986) indicated that a correlation of r = 

.20 is statistically significant for a sample of over 100 

observations. Using Kerlinger's criterion, 94 of the 153, 

or 61% of the product-moment correlations, were significant 

(see Table 2). The highest correlation was between the two 

measures of prior achievement—the TAAS and NAPT scores, 

r = .83. Other high correlations were between expectancy to 

succeed and self-concept, r = .80; performance total and the 

NAPT and TAAS scores, r = .73 and r = .65, respectively; 

difficulty and self-concept, r = -.70; difficulty and goals, 

r = -.69; expectancy and two of the measures of achievement-
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related behaviors—task persistence r = .62 and task choice, 

r =.62. Choice was highly correlated with task persistence, 

r = .65. It is also noteworthy to observe that each o£ the 

correlations between the variables of self-concept, 

difficulty, goals, expectancy, value, task choice, task 

persistence, and task performance exceeded r = .20. 

To analyze the data in reference to the hypotheses of 

the study, an additional discussion of the model and data 

analysis procedures is presented. The hypotheses were: 

1. The hypothesized model will account for a significant 

portion of the variance in the achievement-related 

behaviors. 

2. The direct effect of value in the hypothesized model 

will have a significant influence on eighth-grade 

girls' mathematics achievement-related behaviors. 

3. The direct effect of expectancy in the hypothesized 

model will have a significant influence on eighth-

grade girls' mathematics achievement-related 

behaviors. 

Path analysis modeling was used, which provided a 

basis for making meaningful inferences about the theoretical 

constructs. This approach identified both manifest and 

latent variables. Manifest variables were observed and 

measured by single indicators. Latent variables were 

unobserved and both multiple and single indicators were used 

to measure their influence. A distinctive feature of this 
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data analysis approach was the incorporation of multiple 

indicators, which improved construct validity and provided 

more accurate estimates than single indicator models only. 

For Socioeconomic Status (SES) and prior achievement, 

independent exogenous variables, an estimate of differential 

weighting for each indicator was determined. For 

achievement-related behaviors, the dependent endogenous 

latent variable, estimates of loadings for task choice, task 

persistence, and task performance were determined. 

The weights and loadings indicated the strength of 

outer model relationships as measured by LVPLS. The weights 

were correlational coefficients used to estimate SES and 

prior achievement as linear composites of their associated 

manifest variables. The associated manifest variables of 

SES were family income, participation in the school lunch 

program, mother's education, father's education, and 

language spoken at home. The associated manifest variables 

for prior achievement were NAPT and TAAS scores. Loadings 

were defined as correlations between the latent construct 

achievement-related behaviors and its associated manifest 

variables—task choice, task persistence, and task 

performance. 

Weights, indicated by the inward arrows (see Figure 

4), are assumed to "form" or "produce" a latent construct. 

Loadings indicated by outward arrows are assumed to 

"reflect" a latent construct. To obtain these estimates, 
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LVPLS performed procedures similar to multiple regression 

analysis for the weights and factor analysis for the 

loadings. 

The relationships in the inner model were identified 

by path coefficients. Each path coefficient indicates the 

direct effect of one variable on the other. The squared 

path coefficient was used to estimate the amount of variance 

that is shared by the two variables. The hypothesized model 

with path coefficients, weights, loadings, and the squared 

multiple correlation (J?2) is presented in Figure 4. 

Interpretation of the inner model is based on the 

consideration of the following: (1) the amount of variance 

of a latent variable that is accounted for by all the 

variables that point arrows toward it; (2) the correlation 

between variables where there are no arrows; and (3) the 

variance that is accounted for by the individual variables. 

Table 3 presents the correlations between the latent 

variables. 

Table 4 presents the squared multiple correlations (R2) 

values. The entries are the amount of variance of a 

variable accounted for by the variables previous to it. 

From the analysis of data, the three hypotheses of 

this research are supported. The data presented in Figure 

4, Table 3, and Table 4 provide support for the first 

hypothesis because 52% of the variance in achievement-
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Table 4 

Squared Multiple Correlations, Hypothesized Model 

Latent Variables Squared Multiple Correlations 

1 0 

2 0 

3 0 

4 17 

5 21 

6 12 

7 9 

8 19 

9 67 

10 31 

11 52 
Note: N = 235 

related behaviors was accounted for by the variables in the 

hypothesized model. Further, the amount of influence 

exerted on achievement-related behaviors by value and 

expectancy in this hypothesized model are statistically 

meaningful (Kerlinger, 1986; Pedhazur, 1982). The direct 

effect of value accounted for approximately 16% of the 

variance in achievement-related behaviors, the second 

hypothesis of this study. And, the direct effect of 

expectancy accounted for approximately 36% of the variance 

in achievement-related behaviors, the third hypothesis of 

the study. The amounts of direct variance accounted for by 

value and expectancy were obtained by multiplying the path 

coefficient of each variable by its corresponding 
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correlation coefficient. This procedure is recommended by 

Falk (1987) in a monograph that supplemented the LVPLS 

manual. 

Although the hypothesized model was supported by the 

data, a more parsimonious model is proposed. After 

inspecting the multiple correlation analysis, the path 

coefficients, and the correlation matrix, four paths with 

coefficients of less than .06 were deleted. Figure 5 

represents the revised model with path coefficients, 

weights, loadings, and the squared multiple correlation 

{R2) . 

Subsequent to the deletion of these four paths, the 

remaining path coefficients changed slightly. While there 

are no absolute rules for assessing how well models conform 

to data, Kerlinger and Pedhazur (1973) stated that if 

discrepancies between the original model's correlation 

matrix and a revised model's correlation matrix are minimal, 

less than .05, and the number of discrepancies in the 

revised matrix are relatively small, the research may 

conclude that the more parsimonious model is tenable. 

Tables 5 and 6 represent the squared multiple 

correlation matrix for each variable and the latent variable 

correlation matrix for the revised model. 

In comparison, the squared multiple correlations for 

the revised model and those of the hypothesized model are 
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Table 5 

Squared Multiple Correlations, Revised Model 

Latent Variables Squared Multiple Correlations 

1 0 

2 0 

3 0 

4 17 

5 21 

6 12 

7 9 

8 19 

9 67 

10 31 

11 52 
Note: N = 235 

identical. Further, only 10 discrepancies in the 

values of entries in the revised latent variable correlation 

matrix differed from the values of the hypothesized latent 

variable correlation matrix (see Tables 3 and 6). Each of 

the values differed by less than .04. 

In addition to the previously discussed analyses, 

LVPLS provided several summary indices which were used to 

make relative comparisons between the hypothesized and 

revised models. The loadings from achievement-related 

behaviors of the hypothesized model to its manifest 

variables task choice, task persistence, and task 

performance had coefficients of .90, .86, and .63, 
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respectively. For the revised model, the loading values 

remained identical to the hypothesized model. Falk (1987) 

recommended that these coefficients be at least .55. Also 

reported was a single measure of communality for the 

complete model. Communality coefficients range from .00 to 

1.00. The higher this value, the better the outer model is 

represented. A communality coefficient of .765 was obtained 

for both the hypothesized model and the revised model. 

The third summary index, the root mean square of 

covariance between the residuals of the manifest and latent 

variables (RMS COV E,U), explains the amount of correlation 

between the variance of the manifest and latent variables 

not accounted for by the model. This coefficient is .00 in 

a model that describes perfectly the relationship between 

the variables. In both the hypothesized and the revised 

model, this coefficient was .06. Falk (1987) reported that 

a coefficient above .20 would indicate a poor model. 

In summary, the data analyses indicated that both the 

hypothesized and revised models were good representations of 

the data. However, the revised, more parsimonious model is 

suggested as a tenable alternative model of achievement-

related behaviors. 



CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The purposes of the study were to apply the Ethington 

(1992) model of achievement-related behaviors to a sample of 

eighth-grade girls to ascertain whether this theoretical 

model continued to describe girls' internal beliefs 

regarding mathematics, and to determine the degree to which 

the variables of the model influenced girls' mathematics 

achievement-related behaviors. 

The participants in the study were eighth-grade girls 

in an urban school district in North Texas. Three hundred 

fifty-three students participated in the study. Of these 

participants, 235 girls responded to all questions on the 

student questionnaire and their responses were used for data 

analysis. The internal belief system that was hypothesized 

to influence eighth-grade girls' mathematics achievement-

related behaviors consisted of endogenous variables that 

included stereotyping mathematics as a male domain, 

perceptions of parents' attitudes, self-concept of ability, 

perceptions of math difficulty, goals, expectancy for 

success in mathematics, and value of mathematics. The 

dependent variable, achievement-related behaviors, was 

reflected by task choice, task persistence, and task 

performance. Although the exogenous variables of 

58 
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socioeconomic status (SES), family help, and prior 

achievement were included, the focus of the study was on the 

students' internal belief system. 

A student questionnaire was designed to assess those 

variables suggested as predictors of mathematics achievement-

related behaviors. Questions were derived from the research 

of Eccles (1980) , Ethington (1991), and Fennema and Sherman 

(1976) . Selected scales from the studies of these 

researchers were combined into a single 70-item 

questionnaire. 

As a component of achievement-related behaviors, a 

mathematics performance assessment was developed. The 

performance assessment was adapted from the Texas Assessment 

of Academic Skills (TAAS) Mathematics Objectives and 

Measurement Specifications for grades 8 and 11. The 

assessment required students to solve 15 mathematical 

problems and elaborate on the strategies utilized. 

Solutions to the problems were evaluated according to the 

correctness of the answer and the appropriateness of the 

strategy. 

From six campuses, 29 mathematics classes were 

selected. Prior to commencing data collections, a pilot 

study was conducted in which 25 girls, similar to those in 

the study, participated. Data from the pilot study were 

analyzed to assess the adequacy of administrative 

instructions, to establish the time required to complete the 



60 

study, and to develop the numerical scoring rubric for the 

solutions to the mathematics performance assessment. Data 

collection was conducted by the researcher at all of the 

campuses to ensure uniform administration. Two consecutive 

45-minute periods were utilized for completion of the 

student questionnaire and the mathematics performance 

assessment. To ascertain data on prior achievement and 

family socioeconomic status, district records were reviewed. 

From the 353 girls who participated in the study, 307 had 

complete records. These records were used in the initial 

phase of data analysis. 

Latent Variable Path Analysis with Partial Least 

Squares (LVPLS) was utilized for data analysis. This is a 

path analytic, multiple regression technique which examines 

the correlational data and provides estimates of inner model 

path coefficients, outer model estimates of weights and 

loadings, squared multiple regression coefficients, and 

measures of how well a proposed model reflects the collected 

data. 

Summary of Findings 

To summarize the findings, the utility of the 

hypothesized model for studying achievement-related 

behaviors was supported by the data. The hypothesized model 

accounted for 52% of the variance in the dependent variable, 

achievement-related behaviors. Expectancy for success in 

mathematics and the value of mathematics predominantly 
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influenced the variance in achievement-related behaviors, 

but important indirect influences were exerted by self-

concept, goals, and the perceived difficulty of mathematics. 

Two components of the internal belief system of 

adolescent girls that did not evidence significant influence 

were stereotyping mathematics as a male domain and 

perceptions of parents' attitudes. Although data did not 

support the importance of these two variables, the results 

strongly supported the focus of this study, the internal 

belief system of the girls in junior high school mathematics 

programs. 

Achievement-related behavior, the dependent variable 

in the study, was reflected by the measured variables of 

task choice, task persistence, and task performance. Task 

choice and task persistence had loadings of .90 and .86, 

respectively. These high indices reinforce the importance 

of choice and persistence to overall mathematics 

achievement. Task choice was characterized by the question 

"How much more math would you take if you did not have to?" 

Task persistence was concerned with a student's willingness 

to continue with a difficult mathematics problem until a 

solution was found. These data were consistent with and 

strongly support the development of the original Model of 

Academic Choice by Eccles et al. (1983). 

The soft-modeling data analysis technique utilized for 

this study suggested an alternative model of the internal 
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belief system for subjects in this study. The revised model 

deleted four paths but still explained 52% of variance in 

the dependent variable. The paths that were deleted had two 

components in common: perceptions of parents' attitudes and 

stereotyping mathematics. Researchers (Fennema & Peterson, 

1985; Fennema & Sherman, 1977) have suggested that girls for 

whom parents have high expectations generally have high 

expectations for themselves and high achievement. The data 

from this study did not demonstrate a meaningful 

relationship between parental attitudes and achievement-

related behaviors. Additionally, the cultural view of 

stereotyping mathematics as a male achievement domain has 

been reported as a critical component to development of 

self-concept (Brush, 1980; Ernest, 1976; Sherman, 1980). 

Self-concept, in turn, is reported to influence students' 

decisions regarding their mathematics participation and 

performance. From the data in this study, the influence of 

stereotyping on self-concept was negligible. 

The absence of a meaningful influence of stereotyping 

and parents' attitudes on achievement-related behaviors may 

be a function of the particular measures used for these 

constructs. Specifically, stereotyping and parents' 

attitudes were measured by three questions only. The three 

questions for stereotyping asked the student to respond to 

statements such as, "Boys have more natural ability in 

mathematics than do girls." An explanation for the minimal 
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influence exerted by stereotyping may be that the three 

questions were such emotionally charged questions that they 

evoked an "all or none" response from participants. The 

questions for parents' attitudes had a similar quality. For 

example, one question was "My family thinks that learning 

mathematics is very important for me." Neither the 

Stereotyping scale nor the Perceptions of Parents' Attitude 

scale discriminated well the girls' perceptions. The 

variables stereotyping and perception of parents' attitudes 

were included in the revised model. However, the number of 

meaningful paths related to them was reduced. Also 

evidenced in the revised model is that self-concept of 

ability exerted the largest indirect influence to 

achievement-related behaviors. 

Conclusions and Recommendations 

Findings of this study support the need for continuing 

and increasing research and recognition of the internal 

belief system of girls with respect to mathematics. Also, 

this study strongly supports that five components of the 

internal belief system must be addressed. The components 

are self-concept of ability, perceptions of math difficulty, 

expectancy for success in mathematics, value of mathematics, 

and goals for achievement in mathematics. In Reviving 

Ophelia: Saving the selves of adolescent girls, Pipher 

(1994) recounted multiple scenarios in which girls began to 

falter academically at the junior high school level due in 
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part to lowered self-concept regarding achievement 

abilities. 

To address the components of an internal belief system, 

several suggestions have been made by researchers. A 

summary of suggestions for programs include, but are not 

limited to the following: anxiety reduction activities, 

exercises to increase spatial skills, informal non-

evaluative classroom atmospheres, use of humanistic, real-

world problems, a focus on self-esteem and self-reliance, 

success oriented activities, self-assessment of mathematics 

ability, and teachers dedicated to successful mathematics 

learning (Sadker & Sadker, 1993). However, there is a 

dearth of research on the effectiveness of such programs. 

Part of the importance of an internal belief system model is 

that the components do not influence independently, but 

interact in a unique manner for girls of this age group. 

Consequently, there is no one-to-one correspondence with 

educational remedies. For example, girls' self-assessment 

of mathematics ability is related to their self-concept in 

mathematics and their perception of mathematics difficulty. 

Another suggestion that has been discussed by several 

authors (Clewell, Anderson, & Thorpe, 1993) is for 

mathematics programs that are female focused and emphasize 

affective as well as cognitive activities. Such programs 

usually employ cooperative learning techniques and provide 

an informal and non-evaluative atmosphere for learning 
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mathematics. Less emphasis is placed on detail, 

memorization, and finding "the correct" answer. More 

attention is given to how mathematical principles, apply to 

problems students confront outside the classroom. Again, 

little documented research specifically addresses these 

suggestions. Assuming an internal belief system for girls, 

a recommendation for future research is for intervention 

studies that document the effectiveness of these 

intervention techniques. 

A limitation of this study was the restrictions imposed 

by the study being conducted during the instructional school 

day. The research had to be conducted in one visit to the 

campus, thus necessitating a questionnaire and performance 

assessment that could be completed within 90 minutes. Due 

to the time limitations, a 70-item questionnaire, consisting 

of 3, 7 and 12 item scales, was utilized for the latent 

variables. The use of 3-item scales for assessing 

stereotyping mathematics as a male domain and perceptions of 

parents' attitudes may have contributed to the lack of a 

meaningful relationship to the other latent variables. 

Consequently, it is recommended that subsequent studies of 

the internal belief system include measures of latent 

variables with at least 5 or 7 items. 

Finally, it is recommended that exploratory and 

confirmatory investigations on an internal belief system for 

girls be conducted at both elementary and high school 
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levels. Such studies would provide additional valuable 

information on the development of the internal belief system 

and its relationship to achievement-related behaviors over 

time. These studies, combined with the intervention-related 

studies recommended, would be invaluable in improving 

mathematics success and related career opportunities for 

female students. A society based on information must 

understand the dynamics of the educational process and 

promote success for all students. 



APPENDIX A 

MODEL OF ACADEMIC CHOICE 
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STUDENT QUESTIONNAIRE 

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 agree or disagree with the ideas 

expressed. Suppose the statement is: 

Example 1: I like mathematics. 

As you read the statement in Example 1, you will know 

whether you agree or disagree. If you strongly agree 

blacken circle A below the statement on your answer 

sheet. Blacken circle B if you agree with reservation. 

Blacken circle D for disagree, or circle E for 

strongly disagree. If you are undecided blacken 

circle C. If you can not answer, leave the item blank. 

Now mark Example 1 on your answer sheet. Do the same for 

Example 2. 

Example 2: Math is very interesting to me. 

Now that you have completed the examples, continue with 

the first statement. Use the answer sheet provided. Do 

not spend much time with any statement. Be sure to 

attempt every statement; if you cannot answer, leave the 

statement blank. Whenever possible, let your experiences 

help you make a choice. There are no "right" or "wrong" 

answers. 

1. My family thinks that learning mathematics is very 
important for me. 

2. I would like to work at a job that lets me use 
mathematics. 

3. If I had good grades in math, I would try to hide it. 

4. My family takes me to interesting places. 
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5. Being first in mathematics competition would make me 
pleased. 

6. Men make better scientists and engineers than women. 

7. It would make people like me less if I were a really good 
math student. 

8. Mathematics is enjoyable and stimulating to me. 

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

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

11. I like math puzzles. 

12. I would rather have someone give me the solution to a 
difficult math problem than to have to work it out for 
myself. 

13. Once I start trying to work on a math puzzle, I find it 
hard to stop. 

14. Winning a prize in mathematics would make me feel 
unpleasantly conspicuous. 

15. My family knows how well I am doing in school. 

16. Boys need to know more mathematics than girls. 

17. Being regarded as smart in mathematics would be a great 
thing. 

18. Figuring out mathematical problems does not appeal to me. 

19. When a question is left unanswered in math class, I 
continue to think about it afterward. 

20. If I got the highest grades in math I'd prefer if no one 
knew. 

21. My family wants me to do very well in my mathematics 
class. 

22. My family talks to me about my homework. 

23. Math puzzles are boring. 

24. My family encourages me to learn as much mathematics as 
possible. 

25. I'd be happy to get top grades in mathematics. 
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26. I don't like people to think I'm smart in math. 

27. I do as little work in math as possible. 

28. when a math problem arises that I can't immediately 
solve, I stick with it until I have the solution. 

29. My family makes sure I do my homework. 

30. I don't understand how some people can spend so much time 
on math and seem to enjoy it. 

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

32. I am challenged by math problems I can't understand 
immediately. 

33. It would be really great to win a prize in mathematics. 

34. If I had my choice I would not learn any more mathematics. 

35. My family reads books, papers, and magazines at home. 

36. Boys have more natural ability in mathematics than girls. 

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

38. My family encourages me to do my best in school. 

The following questions ask you to rate on a scale 

of 1 to 7 some of your feelings toward math. 

Answer each question by circling the number that 

best describes your particular feeling. Remember 

that there are no "right" or "wrong" answers. 

NOTE: On some questions 1 represents a more positive 

response and 7 represents a more negative 

response. On other questions, 1 represents a 

more negative response while 7 represents a 

more positive response. 

39. In general, how hard is math for you? 

40. How good at math are you? 
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41. How well do you think you will do in your math course 
this year? 

42. How difficult do you think next year's math will be for 
you? 

43. Compared to most other students in your class, how hard 
is math for you? 

44. If you were to order all the students in your math class 
from the worst to the best in math, where would you put 
yourself? 

45. Compared to most other school subjects you may take in 
high school, how hard do you think advanced high school 
math will be for you? 

46. The amount of time I spend on math that keeps me from 
doing other things I would like to do is? 

47. In comparison to most other academic subjects, how good 
are you at math? 

48. To me, being good at solving problems which involve math 
or reasoning mathematically is? 

49. How well do you think you'll do in advanced high school 
mathematics courses (like Algebra II, Trigonometry or 
Calculus)? 

50. Compared to most other school subjects that you have 
taken or are taking, how hard is math for you? 

51. Is the amount of effort it would take to do well in 
advanced high school math courses (like Algebra II, 
Trigonometry or Calculus) worthwhile to you? 

52. How well do you expect to do on your next math test? 

53. If you took Calculus, how hard do you think it would be 
for you? 

54. How well would you expect to do in Trigonometry and Pre-
Calculus? 

55. How successful do you think you'd be in a career which 
required mathematical ability? 

56. Compared to other students in your class, how well do you 
expect to do in mathematics this year? 

57. How well do you think you'll do in your mathematics 
course next year? 



76 

58. If you took Trigonometry and Pre-Calculus, how hard do 
you think it would be for you? 

59. How important is it to you to get good grades in math? 

60. How upset would you be if you got a low mark in math? 

61. Is the amount of effort it will take to do well in your 
math course this year worthwhile to you? 

In this last section, you will circle the letter 

for your answer. 

62. Would you take more math if you did not have to? 

63. How much more math would you take if you did not have to? 

64. What math courses, if any, do you plan to take in the 
11th grade? 

65. What math courses, if any, do you plan to take in the 
12th grade? 

66. After I graduate from high school, I plan to: 

67. What is the highest level of education attained by your 
mother? 

68. what is the highest level of education attained by your 
father? 

69. if your mother works, what is her job? (please specify). 

70. if your father works, what is his job? (please specify). 

Thanks for your participation! 
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Student Name_ Teacher 

Example 1: I like mathematics. 

strongly 
agree 

CD 
agre< 
© 

undecided 
© 

disagree 
© 

strongly 

disagree 
© 

Example 2: Math is very interesting to me. 

strongly 
agree 
© 

agre< 
© 

undecided 
© 

disagree 
© 

strongly 
disagree 

© 

4. 

5. 

strongly 

agree 
© 

strongly 

agree 
© 

strongly 
agree 
© 

strongly 

agree 
© 

strongly 
agree 
© 

agree 
© 

agre« 
© 

agre< 
© 

agre« 
© 

agree 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

strongly 
disagree 

0 

strongly 

disagree 
© 

strongly 
disagree 

© 

strongly 

disagree 
© 

strongly 
disagree 

© 

strongly 
agree 
© 

agree 
© 

undecided 
© 

disagree 
© 

strongly 

disagree 
© 

8. 

strongly 

agree 
© 

strongly 
agree 
© 

agre< 
© 

undecided 
© 

undecided 
© 

disagree 
© 

disagree 
© 

strongly 

disagree 
© 

strongly 
disagree 

© 

strongly 
agree 

G> 
undecided 

© 
disagree 

© 

strongly 
disagree 

© 

10. strongly 
agree 
© "S" 

undecided 
© 

disagree 
© 

strongly 
disagree 

© 
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n . 

12. 

13 . 

14 . 

15. 

16. 

17. 

18. 

19. 

20 * 

2 1 . 

22. 

2 3 . 

2 4 . 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

•$r 

T 

a^ee 

agree 
© 

a^ee 

•£T 

ac^ec 

agree 
© 

agree 
© 

agree 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 

© . 

strongly 
disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 

© 

strongly 
disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 
© 

strongly 
disagree 
© 

strongly 
disagree 
© 

strongly 
disagree 
© 

strongly 
disagree 

© 
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25. strongly 
agree 
© 

strongly 
agree 
© 

strongly 

agree 
© 

strongly 
agree 
© 

strongly 
agree 

CD 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 
© 

strongly 
agree 

CD 

strongly 
agree 
© 

36. strongly 
agree 
® 

2 6 . 

27. 

2 8 . 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

*$r 

agre* 
© 

"2T 

agre< 
© 

agre< 
© 

agrei 
© 

37. strongly 
agree 
© 

agre< 
© 

agrei 
© 

agree 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

undecided 
© 

disagree 
© 

disagree 

© 

disagree 
© 

disagree 

© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 

© 

strongly 

disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 

© 

strongly 
disagree 

© 

strongly 
disagree 

© 

strongly 
disagree 
© 

strongly 
disagree 

© 

strongly 
disagree 

© 

3trongIy 
disagree 

© 

strongly 
disagree 

© 

strongly 
disagree 

© 

38. strongly 
agree 

© 
agree 

© 

undecided 

© 
disagree 

© 

strongly 
disagree 

© 
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39. very easy 

40. not at all good 

41. not at all well 

42. much easier 

than this year 

43. much easier 

44. the worst 

45. easiest course 

46. not at all 

important 

47. much worse 

48. not at all 
important 

49. not at all well 

50. easiest' course 

51. not at all 

important 

52. not at all well 

53. not at all hard 

54. not at all well 

55. not at all 
successful 

56. not at all well 

57. not at all well 

58. not at all hard 

59. not at all 
important 

60. not at all upset 

61. not at all 
important 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

very hard 

very good 

very well 

much harder 

than this year 

much harder 

the best 

hardest course 

very 

important 

much better 

very 

important 

very well 

hardest course 

very 

important 

very well 

very hard 

very well 

very 

successful 

very well 

very well 

very hard 

very 

important 

very upset 

very 
important 
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62. a. I very definitely would take more math 

b. I probably would take more math 

c. Maybe I would take more math 

d. I'm not sure 

e. Maybe, but not that likely 

f. I probably would not take any more math 

g. I very definitely would not take any more math 

63. a. I would not take any more math 

b. I would take math through 9th grade 

c. I would take math through 10th grade 

d. I would take math through 11th grade 

e. I would take math through 12th grade 

64. a. Pre-Calculus/Calculus 

b. Algebra II 

c. Other 

65. a. Calculus 

b. Pre-Calculus 

c. Other 

d. None 

66. a. Continue my education (e.g., college, vocational training) 

b. Look for a job 

c. Other plans 

67. a. did not complete 8th grade 

b. completed 8th grade 

c. completed high school 

d. completed two years of college 

e. completed undergraduate school 

f. completed graduate school 

68. a. did not complete 8th grade 

b. completed 8th grade 

c. completed high school 

d. completed two years of college 

e. completed undergraduate school 

f. completed graduate school 

69. 70. 
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ITEM ANALYSIS OF STUDENT QUESTIONNAIRE 

Socioecoaomic 
Status 

4 questions 
67, 68, 69, 70 

Family Help 6 questions 

4, 15, 22, 29, 35, 38 

Stereotyping 3 questions 
6, 16, 36, 44 

Perceptions of 
Parents' Attitudes 

3 questions 
1, 21, 24 

Difficulty 7 questions 
39, 42, 43, 45, 50, 53, 58 

Self Concept 3 questions 
40, 44, 47 

Goals 12 questions 
3, 5, 7, 9, 10, 14, 17, 
20, 25, 26, 31, 33 

Expectancy 7 questions 
41, 49, 52, 54, 55, 56, 57 

Value 6 questions 
46, 48, 51, 59, 60, 61 

Choice 7 questions 
2, 34, 62, 63, 64, 65, 66 

Persistence 12 questions 
8, 11, 12, 13, 18, 19, 23, 
27, 28, 30, 32, 37 
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MATHEMATICS PERFORMANCE ASSESSMENT 8 4 

n « n Teacher:. 

Directions: 'Write your solution to the problem on the lines 
provided. Be certain to explain how you solved the problem. 

1. what expression should come next in this pattern? 
( y» 4y, 16y, 64y, ) 

What is your answer? How did you get it? 

2. Michelle finds that she is able to read 6 pages of an 18 page 
history assignment in 15 minutes. At the same rate, how long 
will it take her to read all 18 pages? 

What is your answer? How did you get it? 

3. During exercise the recommended maximum heart rate in beats 
per minute is given by the formula* M- 0.8 (215 - A) where 
M is the maximum heart rate and A is the person's age. what 
is the recommended maximum heart rate in beats per minute for 
a person who is 15 years old? 

What is your answer? How did you get it? 
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An empty aquarium is 5 feet long, 3 feet wide, and 2 feet 
high.. How many cubic feet of water could this aquarium hold? 

What is your answer? How did you get it? 

5. If 3 y - 6 - 21, what is the value of y? 

What is your answer? How did you get it? 

6. Two poles are leaning against a wall at the same angle as 
shown. How far up the wall does the shorter pole reach? 

30 ft 

24 ft 

10 ft 

What is your answer? How did you get it? 



86 

7. Morgan wants to cut a piece of plywood that is 6 1/3 feet 
long into strips 9 inches wide. How many inches are 
equivalent to 6 1/3 feet? 

What is your answer? How did you get it? 

8. To make a play box for the kittens, Pat wants to cover a 
wooden cube with carpeting material on 5 of its faces. 
If the cube has an edge of 2 feet, how much area will 
Pat have to cover? 

what is your answer? How did you get it? 

9. Sandee is coordinating her clothes. She has 3 choices of 
blouses, 4 kinds of skirts, and 2 colors of jackets. How 
many different combinations of blouses, skirts and jackets 
can she use? 

What is your answer? How did you get it? 
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10. A school district has 21 school buses. Each bus has a 
maximum of 40 passengers. The total number of children that 
can be transported per trip to school by all of these buses 
is between....? (Estimate to the nearest hundreds.) 

What is your answer? How did you get it? 

11. The mileage chart shows distances between three towns on the 
same road. 

Rockvilla Stow* Tillman 

Rockvilli 
StCMB 
Tillman 

0 5 8 
5 0 13 
8 13 0 

Show the placement of the towns on the road. How did you get it? 
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12. The ratio of students to teachers in a certain school is 38 
to 3. If there are 342 students in the school, how many 
teachers are there? 

What is your answer? How did you get it? 

13. Which figure has just one line of symmetry? 

o o n o 
What is your answer? How did you get it? 

14. If no digits can be used more than once, how many 3 digit 
numbers can be formed using only the digits 1, 4, 6, and 7? 

What is your answer? How did you get it? 
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15. If a fair coin is tossed 3 tiroes, the possible outcomes are 
given by these two diagrams below. What is the total number 
of possible outcomes of this experiment? 

H 

H < H T 
T < 

H < 
< 

H 

T 

H 

What is your answer? How did you get it? 

THANK YOU FOR PARTICIPATING IN THIS STUDY. 
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NUMERICAL SCORING RUBRIC FOR PERFORMANCE ASSESSMENT 

SCORE 5- Response provided has correct solution and logical/ 
appropriate strategy 

SCORE 4- Response provided has either correct solution or logical/ 
appropriate strategy but not both 

SCORE 3- Response provided has both incorrect solution and incomplete 
or inappropriate strategy; however, there is some evidence of 
logical reasoning 

SCORE 2- Response provided has some evidence toward problem solution 

SCORE 1- Response provided has no evidence toward problem solution 
(e. g., blank paper or I don't know) 

ITEM RESPONSE RUBRIC 

Question 1 

Score Answer 

5 

5 

4 

4 

3 

3 

2 

2 

1 

256y 

256y 

250y 

256 

2816 

1024 

320 

2758 

Strategy 

yx4=4x4=16yx4=64yx4; look at pattern 

64x4y; You multiply by 4y to get next answer 

I multiplied 64 by 4y 

I multiplied 64x4 

Each # is multiplied by the number before it 

I figured 4x4=16, 16x4=64, 16x16=1024 

Multiply 64x5 

64x64 

I don't know/blank 



Question 2 

Score Answer 

5 

5 

4 

4 

3 

3 

2 

2 

45 min. 

45 min. 

55 min. 

40 min. 

30 min. 

54 min* 

40 min. 

18 min. 
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Strategy 

18/6=3? three 15 min. periods =45 min. 

6/15=18/x? I multiplied the time it took to read 
6 pages by the amount of pages to read, then I 
divided the number by the number of pages read 

6 pages is 1/3 of the paper, so 15x3=55 

6/15=18/x; 6x=240 and x=40 

if she reads 1/2 the assignment in 15 min., it 
takes 15 more to read the other 1/2 

18/6=3; then 18x3 pages a min.; she has 12 more 
pages which is 30 min.; you just double the min. 
15/6=2.3? 2.3x18=40 

divide then multiply 

Question 3 

Score Answer 

5 160 bpm 

5 

4 

4 

3 

3 

2 

2 

160 bpm 

m=203 

m=160 

m=200 

82 

15 

8.30bpm 

Strategy 

m=0.8(215-a) 
m=.8(215-15) 
m=.8(200) 
m=160 

200x.8 

put 15 in for A? then subtract in parenthesis; 
then take 20Ox.8 

no explanation 

215-15=200 

.8x215=X-15 

M=A; A=15 

I guessed 
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Score Answer Strateav 

5 30 ft3 5x3x2=30 (lwh) 

5 30 ft3 5x3=15x2=30 

4 20 ft3 5x3x2 

4 30 5x3x2 

3 20 ft3 5+5+3+3+2+2 

3 20 ft 3 5+5=10/3+3=6/+2 

2 10 ft3 add 5,3 and 2 together=10 ft. 

2 17 ft3 you multiply how long by how wide+2=17 

Question 5 

Score Answer Strateav 

5 y=9 Add 6 to both sides of equation; divide by 3; 
3y-6+6=21+6/ 3y=27/ y=9 

5 y=9 3y-6+6=21+6/ 3y/3=27/3/ y=9 

4 21 3x9-6=21 

4 y=9 no explanation 

3 18 6-3y=21/ -3-3=18/ that's your answer! 

3 y=5 I subtracted 6 from 21 and got 15; then I found 
5x3=15 

2 y-2 3y/3 - 6/3=21; I really don't know how I 
got this 



Question 6 

Score Answer 

5 8 

94 

Strategy 

made ratio 30/10 = 24/?; multiplied and divided 
so ?=8 

10 is 1/3 of 30; 1/3 of 24 is 8 

4 

3 

3 

2 

2 

8ft. 

6 

4 ft. 

72 ft. 

14 ft. 

2.4 

30/5=6 
30-6=24 

10/5=2 
10-2=8 

1/10 x 30/24 = 10/X/ X= 1/4(24)/ X= 6 

I took 30-24 which =6; and then 10-6=4 

I divided 30/10=3; then 3x24=72 

subtract 24 from 10 

I divided 24 into 10 ft. 

Question 7 

Score Answer 

5 76 in. 

5 

4 

4 

3 

2 

76 in. 

75.6 in. 

100 in. 

72 

57 in. 

38 in. 

8 1/3 

Strategy 

6x12 + (1/3x12) 

72 + 4 = 76 

12 in.=l ft; so 6ft.=6x12 or 72 

6.3(12)=75.6 

I changed the fraction 6 1/3 to an improper 
fraction 25/3; then I multiplied 25/3x12/1 

I got 72 in.; I said that there are 12 in. in a 
foot; so I took 12x6= and got 72 

19/3x9/1=57 inches 

Because there are 12 in. in a foot and 1/3 
probably equals 2; so your answer has to be 38 

Because there are 12 in. in a foot and 12x6=72; 
72/9=8 1/3 
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S c o r e Answer S t r a t e c r v 

5 20 f t . 2 Find the area of one face (2x2) then multiply 
times 5 

5 20 f t . 2 2x2=4x5 (faces)=20; visualized picture 

4 20 f t . 2 no explanation 

4 24 f t . 2 2x2=4/ 5x4=24 sq. ft. 

3 10 f t . Because 5x2=10 

3 25 f t . if there are 5 faces and each face has 2 ft., 
then you square 5 

2 25 f t . 5x5 

2 16 f t . I found that out by the edge is 2 ft.; then 
multiply 4 sides and you get 8 then you multiply 
by 2 

Q u e s t i o n 9 

S c o r e Answer S t r a t e a v 

5 24 o » I multiplied the number of blouses, skirts & 
jackets together 

5 24 comb. I drew a chart and counted all possibilities 

4 26 I listed all possible combinations 

4 22 I matched each as many times as I could without 
using the same combination 

3 20 Add the 2 jackets with everything else 

3 17 I drew a picture & counted them 

2 2 Because the lowest number is 2 and you can only 
have 2 combinations 

2 8 I looked at the choices and I tried to picture 
the outfits 



Question 10 

Score Answer 

5 800-900 

4 840 

4 800 

3 700-800 

2 0-840 

2 21-840 

96 

Strategy 

I multiplied 21 buses x 40/bus; I got 840 and 
it is between these two groups of hundreds 

21x40=840 

20x40; rounded 840 to 800 

21x40=840; the 40 rounds down to 800; you can't 
fit more than that on a bus, so your maximum is 
800 and the next hundred down is 700 

because all 21 school buses couldn't carry only 
kids, or they could carry all 40 passengers x 21 
buses=840 

21x40=840; then I got 21 because the very least 
can be 21 students on a bus and the most could be 
21x40=840 

Question 11 

Score Answer 

5 correct 

5 correct 

4 

4 

3 

3 

2 

2 

correct 

correct 

incorrect 

incorrect 

none 

none 

Strategy 

the city with the lowest total has to go between 
the other cities 

S• & T* are 13 miles apart; R. is 5 miles from 
S. and 8 miles from T. which adds to 13 miles; R. 
is between S. and T. 

I'm not sure how I got it—intuition 

no explanation 

divide the grid into = parts, then place on grid 

towns are already listed, so only have to graph 

you can't tell; not enough information 

cities R., S., T. without explanation 



Question 12 

Score Answer 

5 27 tchrs. 

97 

5 

4 

4 

3 

2 

2 

27 tchrs, 

27 tchrs, 

9 

114 

21 

9 

12 

Strategy 

I saw that 38 is to 342 as 3 is to x; so 342/38 
is 9; so I multiplied 3x9 and got my answer 

multiply 342x3 and divide by 38 

no explanation 

there are 9 teachers; if for every 38 students 
there is 1 teacher, than if there were 9 teachers 
there would be 342 stud. 

I got this by thinking 342 is the total students; 
then if there are 33 students to every tchr. you 
divide 342/3 

21 tchrs, because 38x7=342; so 3x7=21 

38/342=A; if you divide you get 9; 9x38=342 

you take 38/2=12 

Question 13 

Score Answer 

4 

3 

3 

2 

2 

correct 

correct 

correct 

correct 

incorrect 

incorrect 

incorrect 

incorrect 

Strategy 

diagram of lines in all figures 

circle has infinite; rect. has 2; hexagon has 
more than one so only one left had to be it 

because I think that [symmetry] means there are 
lines that are not equal in length 

no explanation 

hexagon; all other had too many lines 

circle; it is one continuous line 

circle; by looking 

circle; there are no edges or angles 



Question 14 

Score Answer 

5 24 

98 

4 

4 

3 

3 

2 

2 

24 

23 

24 

12 

16 

168 

1 

Strategy 

because there are 4 numbers and they can only be 
used once, [146, 147, 164, 167, 174, 176, 416, 
417, 461, 471, 467, 476, 641, 671, 614, 617, 674, 
647, 764, 761, 746, 716, 714, 741] 

made diagram and found all solutions for one then 
multiplied by 4 

wrote combinations; missed 174 

no explanation 

wrote combinations? missed several 
I just looked and saw how many 

multiplied 4x4=16 

1x4x6x7= 

only 4 numbers are given and if no number can be 
used more than once, then only one number can be 
formed 

Question 15 

Score Answer 

5 8 

5 8 

4 8 

4 6 

3 6 

3 

2 

6 

14 

Strategy 

I counted the possible outcomes on the diagram 

there are 2 possibilities on each choice and 4 
choices for each tree 

I have no idea how to explain it! 

multiply 2x2x2=6; 2 choices each toss; 3tosses 

since the coin was tossed 3 times and you have 2 
choices each toss, you multiply 3x2 

add up all possibilities; I'm not sure 

there are 7 possibilities of heads and 7 
possibilities of tails 

there are only 2 sides to a coin 



APPENDIX F 

PARENTAL CONSENT FORMS 

99 



100 

Dear Parent/Guardian; 

I am an assistant principal in the School District 
presently completing a doctoral program at the University of North Texas, 
I am interested in investigating the nature of girls* attitudes and 
beliefs concerning the study of mathematics. The title of my research 
is: "An Internal Belief System: Variables That Influence Eighth-Grade 
Girls' Mathematics Achievement Behaviors". 

I would like permission for your daughter to participate in this study. 
I will administer a 70-item questionnaire regarding mathematics and a 
mathematics performance assessment to girls enrolled in eighth grade 
mathematics classes. The questionnaire contains five items regarding 
family socioeconomic status. That is, parental education and employment 
status, and home language. The study will require one data collection 
session and no risk or discomfort to your daughter is expected. 

All information that is obtained in connection with this study that can 
be identified with your daughter will remain confidential within the 
limits of State law. Your daughter will not be identified by name at any 
time in any reports of this research. Also, participation in this 
research study is entirely voluntary. If you chose to have your daughter 
participate in this study, she may withdraw from the study and 
discontinue participation at any time without prejudice. When this study 
is completed the school district will provide you a summary of the 
results upon request. 

Within five days, please sign and return the original of the Consent Form 
in the enclosed self-addressed, stamped envelope. The copy may be kept 
for your records. If you have any questions, please contact me at . 
Thank you in advance for your cooperation and support. 

Sincerely, 

Margaret R. Fair 

THIS PROJECT HAS BEEN REVIEWED BY THE UNIVERSITY OF NORTH 
TEXAS COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS 
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CONSENT FORM 

My signature indicates that I have read the information and 

that I am willing for my daughter 

to participate in the study. I realize that my daughter 

may withdraw from the study without prejudice at any time 

after I sign this form should she decide to do so. 

Parent/Guardian Signature 

Date 
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