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ABSTRACT
EVALUATING STUDENTS’ MOTIVATION IN PREDICTING

MATHEMATICS AND SCIENCE PERFORMANCE: A DEVELOPMENTAL
PERSPECTIVE

By
Leland S. Cogan

This study employs concepts associated with a general expectancy -
value model of motivation to explore students’ motivation within a
developmental perspective. It examines how specific aspects of motivation,
i.e., interest, importance, career relevance, perceived competence, and success
attributions to natural talent and hard work, are related to students’
achievement in mathematics and science. The present study had two main
goals: 1) to examine the relationships among students’ subject matter interest,
importance, career relevance, perceived competence, and success attributions
at three developmental levels, and 2) to evaluate the usefulness of these
aspects of motivation in predicting students’ performance on a mathematics
and science achievement test. The study employs structural equation
modeling to evaluate the usefulness of these motivational constructs in
predicting students’ performance as a function of students’ developmental

level and the academic domain assessed.
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CHAPTER 1: INTRODUCTION AND BACKGROUND

Introduction

In a recent conversation, an eighth grader indicated that very few of his
peers thought that school was important. When asked what he thought was
important to his peers he said, “friends and other activities like sports.” His
comment, while not particularly surprising, did seem to be a rather unusual
description for a class that had developed a reputation among the school’s
staff, students, and parents for being academically oriented and motivated.
The student mused further that some students didn’t seem to be trying as
hard or doing as well in school as they had in earlier years. When prodded as
to why he thought that might be, he paused and considered, “Perhaps they
aren’t trying because they don't think it’s that important...there are other
things they’re more interested in. Or maybe they’ve just gotten tired of trying
and not doing as well as they’d like. I guess they aren’t trying as hard or doing
as well as they could.”

These comments from an eighth grader illustrate the role that
motivational issues often play in efforts to understand and explain students’
academic achievement behavior. While it is a human trait for people to
attempt to understand the behavior of others (Bruner, 1990), educators and

policy makers are professionally motivated as well in attempting to make
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sense of students’ academic achievement. Educators and policy makers are

interested in understanding the factors that affect students’ academic
achievement so that they might improve student learning.

Those interested in students’ motivation have sought explanations of
students’ achievement behavior at the individual, classroom, and system
levels (Thomas, 1993; Brown, 1993; McCaslin & Murdoch, 1991). Although
researchers and educators alike acknowledge the strategic and important role
that motivation has in students’ cognitive and academic development,
assessment of aspects of students’ motivation are typically not a part of
academic achievement tests (Scarr, 1981; Paris, 1991). The prevailing view
that students’ academic motivation plays an important role in their
achievement behavior is supported by a considerable amount of research.
The vast majority of this research has related students’ motivation to specific
strategies, classroom grades, short tests for research purposes, and future
curricular/course-taking decisions - not to achievement tests.

Many achievement tests have become “high stakes” assessments which
have major implications for educational policy and curriculum if not for an
individual student’s immediate educational future. However, assessing
students’ motivation and relating this to their performance on this type of
“high stakes” assessment is rare. The important role students’ motivation
has in achievement and the importance afforded achievement tests has

prompted one set of researchers to argue that,
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Tests should measure more than what students know; they

should assess students’ perceptions of their abilities, their own

effort and goals, their interests in the material, their relative

satisfaction with their own performance, and their preparation

for the tests. Personal control, efficacy, ownership, and self-

regulation are critical constructs for achievement and deserve to

be assessed. (Paris et al, p. 18)
A distinguishing feature of the present study is that it examines students’
motivation in relation to their performance on a “high stakes” achievement
test.

Embedded in the student’s comments noted earlier are references to
two motivational constructs, expectancies and values, that are the basis of a
general model of motivation which has informed many productive research
programs (e.g., Eccles, 1983; Grolnick & Ryan, 1987; Harter, 1983; Nichols,
Cobb, Wood, Yackel, & Patashnick, 1990; Pintrich & DeGroot, 1990). Inherent
in his comments is the idea that, not only do students’ behaviors change over
time, but what they expect from themselves (they’re “tired of trying and not
doing as well as they’d like) and their underlying reasons (“there are other
things they’re more interested in”) may also change. Thus, a students’
academic behavior may be understood in terms of her evaluation of her
personal resources relevant to the task (expectancies) and her evaluations of
the task (values) — all of which are subject to change as the student grows and
matures.

The current study focuses upon the way different aspects of students’

expectancies and values are interrelated and relate to their performance on a

specific achievement test. This study draws upon concepts associated with a
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general expectancy-value model of motivation to address the two main

purposes of this study: 1) to examine the interrelationships among students’
subject matter interest, importance, career relevance, perceived competence,
and success attributions at three developmental levels with respect to two
academic domains (e.g., mathematics and science), and 2) to evaluate the
usefulness of these aspects of motivation in predicting their performance on

an achievement test in mathematics and science.

Background

Weiner (1989) notes that there have been two traditional perspectives
on human motivation and behavior: behavior generality and behavior
specificity. Theorists who favor behavior generality tend to view individual’s
behavior as a function of internal states or drives which are expressed in a
relatively invariant manner over time and across settings. According to this
view, motivation is considered an aspect of personality, a stable attribute that
functions in an essentially consistent and predictable manner across all
situations or contexts.

In contrast, theorists who hold a behavior specificity perspective regard

an individual’s internal states or drives as temporary states that are a function
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of the specific situation or context. According to this view, an individual’s

motivation is a function of both the individual’s personality and the specific
context. For example, Rotter (1954) claimed that the proper focus of
investigation in matters of personality and motivation was “the interaction
of the individual and his meaningful environment” (p. 85).

Rotter’s emphasis upon the interaction between the individual and the
environment is compatible with more recent cognitive and socio-
psychological conceptions of motivation. These perspectives emphasize an
individual’s motivation and behavior as an adaptive response on the part of
an individual to specific situations in which personal resources are flexibly
applied (Bandura, 1986; Maehr & Braskamp, 1986; McCaslin & Murdock,
1991). This emphasis has emerged as a corollary to the recognition of the
fundamental social nature of human thought and development. Humans
are uniquely social and strive to make sense out of their surroundings and
interactions (Bruner, 1990; Kozulin, 1990). The aspects of motivation
employed in this study may be viewed as cognitive constructs employed by
individuals as they attempt to understand themselves and their
environment.

The specific aspects of motivation employed in this study are associated
with a general expectancy-value motivational model. Rotter (1954) originally
proposed the general principle that the potential for any behavior could be
viewed as a function of an individual’s expectancy of a reward associated with

the anticipated behavior and the value assigned by the individual to the



6
expected result or goal of the behavior. He broadly defined expectancy as the

“probability held by the individual that a particular reinforcement will occur
as a function of a specific behavior on his part in a specific situation” (Rotter,
1954, p. 107).

About the same time, Atkinson and his colleagues employed the
concepts of expectancy and value more specifically to understanding and
explaining achievement behavior (Eccles, 1983; Weiner, 1992; Wigfield, 1994).
Subsequently, these two basic motivational components have been expanded
and refined by researchers investigating motivation for a variety of behaviors
in many different settings.

In general, the expectancy component of the model addresses the
question, “Can I do this task?” This involves issues such as how well one is
likely to do the task, evaluations of one’s competence for the task, and one’s
ideas (attribution) about what it would take to do well on a task (Harter, 1981;
Bandura, 1986; Pintrich & DeGroot, 1990; Weiner, 1992). The value
component concerns the question, “Why am I doing this task?” Investigators
have conceptualized this motivational component as one’s intrinsic interest
in the task, one’s evaluations and estimations of the task’s utility and
importance, and one’s goals or purposes for engaging in the task (Eccles, 1983;
Pintrich & DeGroot, 1990; Weiner, 1992; Wigfield, 1994).

A sizable body of research has demonstrated that motivation plays a
critical role in determining the level of an individual’s performance (Eccles,

1983; Pintrich & DeGroot, 1990; Weiner, 1992; Wigfield, 1994). Independent of
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a person’s ability, one’s motivation has been shown to determine to what

extent, if at all, effort will be expended in a task applying whatever abilities
one may have. The expectancies and values held by the individual,
historically elaborated and operationalized as one’s perceptions of
competence, success attributions, interest in and value afforded the task, and
one’s long-range and short-range reasons for engaging in the task
(achievement goals), are all likely to be critical considerations in deciding how
to apply and expend the efforts, strategies, and knowledge one has with

respect to any considered task.

Motivati { Deve]

As children grow and mature many changes may be observed in a
variety of domains including their physical appearance, interests, values, and
behaviors. Any of these changes may be associated with development. But
change over time is not all that is typically meant by development.
Development is usually associated with a particular kind of change that
occurs over time; changes that result in an increased ability, capacity, or
competence to accomplish tasks, make decisions and distinctions, and to
understand and interpret various situations.

Harter (1983) presents a perspective on the individual’s developing self

concept as a social construct that emerges and differentiates. This
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development proceeds on the basis of both increased competencies and

changing social contexts and interactions. Motivation is considered an
important aspect of one’s personality or self-concept (Harter, 1978). Many
different aspects of one’s self-concept may also be considered from a
motivational perspective such as one’s self-descriptions, likes, dislikes, values
and priorities as well as one’s knowledge about the self as an active agent -
the reasons and purposes leading to specific decisions, choices, and behaviors.

Harter (1983) reasons that, in so far as motivation is a function of the
self, we should expect to find developmental changes in the differentiation,
strength, and structure of various aspects of motivation as the self grows and
matures. A complete model of motivation must, therefore, be a
developmental model which includes some description of the changes in
motivation over time.

The following section identifies several key aspects of students’
motivation and discusses the importance of considering motivation from a
developmental perspective and with respect to a specific context (i.e., subject

matter).

Interests and Values

As children grow and develop their interests and activities change. A
four year old who is very interested in art and spends a great deal of time

engaging in various artistic endeavors may become a soccer fanatic by age 9
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and completely engrossed in computers and mathematics by age 14. This sort

of scenario illustrates the common sense connection between one’s interests,
values, and behavior. One might reason that one would tend to value and
pursue through activities those endeavors that represent one’s interests.
Accordingly, with reference to particular school subjects, one would expect to
find a close relationship between student interest, perceived value of the
subject, and subject-matter-specific achievement behavior. It would appear
reasonable that students would invest themselves, their time, energy, and
cognitive efforts, in those subjects that they both valued and were interested
in.

Stipek (1984), for example, found that both students’ interest in and the
value afforded a particular subject, e.g., math or reading, decreased from
upper elementary through middle or junior high. However, this close
connection between interests and values has not always been found.
Wigfield (1994) reports that for another group of students, their interest in
mathematics did not decrease over a three year period, from fifth to eighth

grade, despite a decrease in the importance students’ assigned to it.

Competence

Closely related to one’s interest in and perceived value for a subject is
one’s self-evaluation of competence. Harter has documented the changing

nature of perceived competence, from preschool age through adolescence
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(Harter, 1981; Harter, Whitesell, & Kowalski, 1992). Harter found that even

children as young as four and five make a distinction between being
competent socially and being competent in sports. As children grow, their
competence beliefs become even more differentiated so that their self-
perception regarding mathematics is distinct from the competence beliefs
about reading, music, and other domains (Harter, 1983).

In addition, there is a developmental trend in the strength of students’
competence beliefs as they move through elementary school and into middle
school or junior high. Young children tend to maintain relatively high
competence beliefs even in the face of failure but these competency beliefs
tend to decline from early elementary into middle school or junior high
(Dweck, 1989; Stipek, 1984; Wigfield, 1994). This decrease in students’
perceived competence has been explained, in part, by their increased capacity
for considering information from several sources, i.e., their own performance
and the performance of others, and by their increased ability to form more
realistic evaluations of what they have done. The changing classroom
environment from early elementary to middle school has also been thought
to play a role in students’ decreasing evaluations of their competence. In
early elementary, students are often praised and rewarded for whatever effort
they may put forth without regard for the quality or product of that effort. As
the student advances through elementary school and into middle or junior
high, the quality and product of the student’s effort becomes more and more

the focus of reward and evaluation (Eccles & Midgley, 1989).
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The corresponding decrease in students’ perceived competence and

their valuing of a specific subject matter has been explained by the idea that
what one is good at, one values. Thus, if a student is good at math, she will
place a high value on math but if she is not good at reading, she will not
highly value reading. Such changes in the relationship among mean levels
of students’ subject-matter interest, importance afforded the subject, and their
subject-matter-specific perceived competence suggests that the role these
motivational aspects play in predicting subject-matter-specific behavior may
not be the same at every developmental level. If students do tend to value
what they are good at and choose those activities over others, it would follow
that the value aspects of motivation would become more predictive of

behavior as students are able to make choices in their activities.

Eccles has also considered motivation within a developmental
framework. Referring specifically to the role attributions play in motivation
she hypothesized that their influence “may well become an epiphenomenon
rather than a causal influence on subsequent expectations and performance”
once a stable self-concept has been formed (Eccles, et al, 1983, p. 87). These
attributions have to do with how one interprets the causal connections
between one’s own effort, ability, and achievement performance (Eccles, 1983;

Gentile & Monaco, 1988; Schunk, 1991; Weiner, 1989; Weiner, 1992).
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Recently, two different orientations have been linked with students’

achievement behavior that involves students’ attribution of success to either
effort or ability (Ames, 1992; Cobb, Wood, Yackel, Nichols, Wheatley, Trigatti,
& Perlwitz, 1991; Dweck & Bempechat, 1983; Eccles & Midgley, 1989; Ginsburg
& Asmussen, 1988; McCaslin & Murdock, 1991; Nichols et al., 1990; Pintrich &
DeGroot, 1990). The defining characteristic of one orientation, referred to as a
mastery goal (Ames, 1992), learning goal (Dweck & Bempechat, 1983) or task-
involved orientation (Nichols et al., 1990), is an attribution of success to
effort. The other orientation involved an attribution of success to ability.
This is one of the main characteristics of those who endorse a performance
goal (Ames, 1992; Dweck & Bempechat, 1983) or an ego-involved task
orientation (Nichols et al., 1990).

Developmental differences in these types of attributions have also been
reported. For example, Stipek (1984) found that students in early elementary
school were more likely to attribute success to effort while older students
were more likely to attribute success to ability. These developmental changes
in success attributions parallel the developmental changes regarding a
student’s competence beliefs. The proposed reasons for why students’
competence beliefs decrease is that they become more aware of their relative
performance in the classroom and that their efforts are more critically
evaluated. These developmental changes in students’ cognitive skills and in
the nature of their educational environments may also be the basis for the

shift in students’ success attributions from effort to ability. Part of the reason
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may be that younger students do not readily differentiate between competence

beliefs and success attributions since both are based primarily upon the effort

they expend.

A fundamental assumption in career development theory is that
individuals desire to implement their self concept, that is their knowledge of
themselves, their interests, values, and competencies, in their vocation or
career in a congruent manner (Holland, 1973; Gottfredson, 1981; Super, 1990).
In other words, people desire to have specific positions and to develop careers
that explicitly or implicitly endorse, or at least are compatible with, their own
most prized interests, values, and abilities. Someone who loves to read, for
example, but despises working with numbers would be more likely to seek
employment as a writer, editor, or bookstore clerk than as a bookkeeper, bank
teller, or engineer. Similarly, someone who enjoys science and highly values
the sanctity of human life would be more likely to pursue a career in
prosthetics research and design, hospice care, or environmental management
than one in weapons development and manufacture or with a health care
corporation known for a “bottom line” orientation and seemingly little
regard for the people involved.

However, people do not typically wait until they are ready to look for

their first career-related employment position to “implement” their self-



14
concept. In fact, one’s self-concept is a dynamic concept formed along the way

through life experiences. Some of these formative life experiences include
making decisions about which subjects to study, how much time and effort to
invest in schooling and academics, and which types of employment positions
are feasible to pursue. These issues of self-concept, identity and career, are
major developmental themes for adolescents and young adults (Erikson,
1963; Marcia, 1980). For example, Montemayor and Eisen (1977) found a
significant increase from age 10 to age eighteen in the number of subjects who
used some reference to an occupational role in responding to the question,
“Who am I?” In addition, one British study reported that 14 year-old students
rated “usefulness for a job” as the single most important factor in
determining their school subject choices (Kelly, 1988).

One of the motivational questions examined in this study is, “Why am
I doing this task?” One way this motivational component has been assessed
is by looking at the goals or reasons one has for engaging in specific behaviors
(Ames, 1992; Bereiter & Scardamalia, 1989; Carr, Borkowski, & Maxwell, 1991;
Cobb et al., 1991; Nichols et al., 1990; Schunk, 1991). Eccles’ (1983) identified
two types of achievement goals, long range and short range, associated with
this aspect of motivation. These achievement goals were conceptualized as
broad life goals, such as career plans or the desire to act in a particular manner
relative to specific gender-role considerations. These reflect the purposes one
has for learning and doing different activities. Considerations of gender role

stereotypes and sex differences in achievement have dominated the research
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on these types of goals (Wigfield, 1994). In this study, students’ perception of a

specific subject’s relevance to their future career is assessed as an achievement
goal.

This type of achievement goal may be considerably more important for
older students than younger ones. Issues of vocational or occupational
concerns are more prominent and immediate in their thinking about
themselves and their future so that career relevance could be expected to
demonstrate a stronger relationship with their achievement in the relevant
subject matter than that for younger students. In addition, as career issues
become more salient as students move from elementary to high school, one
might expect students’ subject matter career relevance to demonstrate an
increasing relationship with other aspects of the motivation, most notably

indications of their interest in and value afford the relevant subject.

Subiect Matter Specifici

Earlier, motivation was defined as one’s adaptive response to specific
situations in which personal resources are flexibly applied. In contrast to a
trait theory of motivation where an individual has a certain level of
motivation that is brought to bear in all situations and domains, the flexible
and adaptive theory suggests that one’s motivation for mathematics and for
science would not necessarily look the same. Consistent with this flexible and

adaptive conception, Harter (1983), as mentioned previously, has found that
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children’s perceived self-competence demonstrates an increasing

differentiation among domains with increasing age. Young children
discriminate between the academic and social areas while older children
begin to discriminate among academic subjects in their competence
assessments. Wigfield (1994) reports that in a series of studies conducted with
students as early as first grade, factor analyses revealed students’ competence
beliefs formed distinct factors for the domains of math, reading, music and
sports activities.

However, the implications of these studies for the differentiation of
students’ motivation with respect to mathematics and science remains
unclear. Mathematics and science may be more closely associated than, for
example, math, reading, music and sports. Mathematics and science are often
located within the same department or college in educational institutions
while reading (language arts, literature, English), music and sports are not.
The fact that the advanced sciences require a certain degree of facility with
advanced mathematics emphasizes the close relationship between the
academic pursuit of the two domains.

Given this close association between mathematics and science it is
interesting to note that high school mathematics and science teachers have
significantly different views of their respective subjects. Mathematics
teachers view their subject as considerably more defined, sequential and static
(unchanging) than do science teachers (Stodolsky & Grossman, 1995).

Therefore, one might expect students to differentiate their motivation for
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mathematics and science to the extent that these were viewed as different

subjects. Older students who have had more exposure to the two disciplines
may be more likely to have been socialized into their teachers’ academic
perspective and make a distinction in their motivation for the two subjects
than younger students.

In a longitudinal follow up to an earlier investigation of children’s
interest in and beliefs about the value of math, reading, instrumental music,
and sports, Eccles and her colleagues found that the children’s beliefs about
the usefulness and importance of all subjects decreased over 3 years.
However, only the children’s interest in reading and instrumental music
demonstrated the same decrease; children’s interest in math and sports did
not decrease (Wigfield, 1994). Self-efficacy and perceived self-competence, two
measures of expectancy, also demonstrate differences as a function of
academic domain (Bandura, 1986; Harter, 1983). These results suggest that not
only may the different aspects of students’ motivation demonstrate different
developmental trends from one another, but the developmental trend may

not be the same with respect to the two domains of mathematics and science.

, ine Achi

Students take many different kinds of tests which serve a variety of
purposes. Resnick & Resnick (1992) identify three main classes of educational

assessments that serve different purposes: tests for public accountability and
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program evaluation, tests for student selection and certification, and tests for

instructional management and monitoring. Students are probably most
familiar with this last type - quizzes and tests given in classrooms by teachers.
They are developed and administered by teachers to diagnose and monitor
student learning and to inform and guide teachers as they plan and evaluate
their instruction. These may also be used by teachers as a basis for informal
and formal evaluations and reports of students’ learning. This type of
assessment is commonly developed and evaluated at the discretion of the
individual teacher.

A second type of test students may take is one that is given to evaluate
students for selection into or out of particular educational programs and
opportunities. This type may also be administered by classroom teachers but
is probably less common in the overall experiences of students. Examples of
this type of assessment include assessments of student “readiness” for
entrance into first grade, mastery of basic mathematics skills and “readiness”
to study algebra, mastery of specific curricular content upon which specific
kinds of certification, recognition, or credit may be awarded. The items and
the recognition criteria for this type of assessment are not typically
determined at the classroom level by individual teachers but by some group
of educators who work to develop a commonly recognized standard for
student performance.

The third type involves tests that students take in order to obtain an

indicator of some aspect of the education system or process. These might
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involve an indicator of the effectiveness of a particular instructional

approach or a particular curriculum. In some instances, this type of
assessment may be used to generate indicators to inform educators, policy
makers, and the public about the general state of the education system. The
items, scoring, and evaluation criteria for these assessments are always the
responsibility of a single organization that most likely has little if any
affiliation with individual teachers, classrooms, schools or school districts.
While this type of test may have a rather “high profile” in the public arena
and may be spoken of in classrooms as very important, these are probably
relatively infrequent for students. Since these assessments are given to
generate indicators for some level of the education system, such as the state,
school district or school, rather than indicators of individual student
achievement, the immediate effect and consequence for students is less clear
that with the other types. The assessment employed in the present study is of
this last type.

Recently there has been a great deal of discussion about the need for
“alternative” forms of assessment. At least one researcher has attributed this
dissatisfaction to the inappropriate use or misuse of the assessments that
have commonly been employed (Taylor, 1994). Dissatisfaction, confusion and
frustration have arisen when assessments of one type have been forced to
serve the purposes of another type of assessment. Discussions in everyday
language about the “fairness” of a test often stem from such inappropriate

application of assessment results. Examples of the misuse of assessments
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would be the attempt to use the results of a student selection or credential

exam as an evaluation of a general education program or the use of an
assessment designed to create a program evaluation indicator as an indicator
of individual student achievement.

Dissatisfaction with commonly employed assessments have stemmed
from a failure to interpret results appropriately and from overgeneralizations.
This form of misuse or misinterpretation is related more to the nature or
content of the test rather than the purpose or type of the test. The source of
dissatisfaction comes from the use of test results to draw conclusions about
constructs or issues not actually measured by the test (Resnick & Resnick,
1992). In such instances, there is often a mismatch between what the
assessment is measuring and what has been taught. This problem is not
necessarily inherent in the quality or type of the assessment tool employed
but has to do with what is valued within a system. In their discussion of this
phenomena Resnick and Resnick conclude that “(t)he problem of assessment
is really a problem of curriculum and of educational goals” (pp. 59-60).

The achievement assessments employed in this study were designed as
a part of an international investigation of curriculum, educational goals, and
the teaching and learning of mathematics and the sciences. Assessment
topics and items were identified through international consensus regarding
what would be appropriate to include in measuring student achievement at
specific student levels. The assessments and the research have been designed

to create country level or regional indicators of student achievement but not
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indicators of individual student performance.

While individual indicators of achievement and motivation are
generated and employed in analyses for this study, they are not interpreted at
this level; that is, scores are not reported for specific individuals. Indicators of
students’ motivation and achievement in the areas of mathematics and the
sciences are described, modeled and interpreted at an aggregate level
according to students’ grade level. This use is consistent with the nature and

purpose for which the assessment instruments have been designed.

Motivation Related to Achi

As a general framework for understanding students’ achievement
motivation and behavior, Eccles’ (1983) comprehensive model of
achievement performance and choice includes the origins and the causal
relationships among students’ expectancies and values. Subsequent research
by Eccles and her colleagues has yielded empirical support for many parts of
the model. For example, using confirmatory factor analysis on data from first
through twelfth graders, they found that a two factor model involving
expectancy and value had significantly better fit indices than the single factor
model. They interpreted this to mean that even first graders made a
distinction between their beliefs about what they may be good at (expectancy)
and their ideas about what is important (value) with respect to the domains

of math, reading, and sport.
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Much of the work by Eccles and her colleagues has examined the

relationships among aspects of students’ expectancies and values and how
these relate to students’ course selection and persistence in studying
mathematics. Other studies have examined the effect of specific aspects of
motivation, such as self-efficacy or self-concept and intrinsic value on
students’ achievement behavior as measured by classroom grades. As
previously noted, the relationship between students’ motivation and their
achievement behavior as assessed by an achievement test has rarely been
examined. In addition, the developmental changes in the mean level and
structure of many aspects of students’ motivation suggests that the
relationship between students’ motivation and achievement would not be a
static one. The developmental changes previously noted in students’
interests, competence, and career considerations suggest that the relationship
between these motivational aspects to their achievement would differ as well.
The current study examines the relationship between students’
motivation and their performance on an achievement test as a function of
their developmental level and the subject matter domain. This involves
examining the interrelationship among the same aspects of motivation at the
three developmental levels as well as the way these motivation factors relate
to subject-matter-specific achievement at the different levels. Figure 1
illustrates how the specific aspects of motivation measured relate to

achievement according to the generalized expectancy-value model.
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Figure 1 — Aspects of Motivation Related to Achievement
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Research Questions and Hypotheses

This study employs concepts associated with a general expectancy -
value model of motivation to explore students’ motivation and how these
aspects of motivation are related to their performance on a mathematics and
science achievement test. These are described and explored as a function of
students’ developmental level. In particular, this study addresses two main
questions:

1. How does students’ motivation differ as a function of their developmental
level and the relevant subject matter? More specifically, do students’
interest, importance, and perceived competence with respect to

mathematics and science decrease across the three developmental levels
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assessed? How do students’ success attributions differ at these three

developmental levels? How do students’ perception of subject matter

career relevance change? Does the relationship between students’

motivation in

mathematics and science change as a function of students’

developmental level?

Hypothesis 1:

Hypothesis 2

Hypothesis 3

Hypothesis 4:

Hypothesis 5:

performance?

Students’ interest, importance, and perceived competence
for both mathematics and science will decrease across the
three developmental levels assessed.

Elementary students will attribute success in both
mathematics and science more to hard work than to talent
while older students will attribute success in both subjects
more to talent than hard work.

Perceived competence and success attributions (i.e., to
natural talent/ability and to hard work/effort) will not be
differentiated in elementary students but will be
differentiated in older students.

Students’ subject matter related career interest will show an
increasing relationship with other motivational concepts
from middle elementary to middle school to high school.

The relationship between students’ mathematics and
science motivation will decrease across the three
developmental levels, i.e., from middle elementary to
middle school to high school.

. How does students’ motivation relate to their achievement test

Is this relationship the same at each developmental level

for both mathematics and science? More specifically, does the relationship
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between students’ subject matter career relevance and their achievement

differ over the three developmental levels assessed?

Hypothesis 6: The relationship between students’ interest, importance,
and perceived competence with their achievement will
increase across the three developmental levels assessed.

Hypothesis 7: Subject matter career relevance will demonstrate a stronger
relationship with achievement for twelfth grade students

compared to younger students.

Hypothesis 8: The relationships between motivation and achievement
will be different in the two domains of mathematics and

science.



CHAPTER 2: METHODOLOGY

Research Design

This study represents a secondary analysis of data gathered as a part of
the Third International Mathematics and Science Study (TIMSS) in the
United States. Sponsored by the International Association for the Evaluation
of Educational Achievement (IEA), TIMSS is a comparative study of
education in mathematics and the sciences conducted in 50 educational
systems on five continents. The goal of TIMSS is to measure student
achievement in mathematics and science in participating countries and to
assess some of the curricular and classroom factors that influence student
learning in these subjects. TIMSS will provide educators and policy makers
with an unparalleled and multidimensional perspective on mathematics and
science curricula; their implementation; the nature of student performance in
mathematics and science; and the social, economic, and educational context
in which these occur. The study employs a cross-sectional design to assess
student motivation and background and a randomized block design to assess
student achievement.

The present study employs descriptive, correlational and structural
equation analyses to investigate student motivation and to evaluate the

usefulness of an expectancy-value model of motivation in explaining

26
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students’ performance on a large scale, multinational achievement test. This

large-scale survey was designed to obtain measures of educational
achievement representative of students in the United States at three different
age levels. The descriptive part of the study involves characterizing students’
motivation as assessed in the TIMSS Student Background Questionnaire.
MANOVA and correlational analyses are employed to create a
description of the relationship among the motivational constructs as a
function of subject matter and students’ grade level. In these analyses, subject
matter is a within subjects variable while grade level is a between subjects
variable. Structural equations are employed to test the equivalence of the
expectancy-value model of motivation in predicting students’ achievement
test performance in the two different subject matters at each of the three
student grade levels. In the structural equation analyses, subject matter and
grade level are both between subjects variables. The exception to this is
subject matter for grade 12 students where all students took a single test that

assessed both mathematics and science.

Sample

The TIMSS involved obtaining measures of students’ mathematics and

science achievement at three different developmental levels. The

international definitions for these three student populations are the two
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grade levels containing most 9-year-old students (population 1), the two grade

levels containing most 13-year-old students (population 2), and those in the
last year, i.e., the highest level offered, of secondary education (population 3).
In the United States, the grade levels associated with these student population
definitions are grades three and four for population one, grades seven and
eight for population two, and grade twelve for population three.

TIMSS examined students in two adjacent grade levels at the two
younger student populations to obtain a pseudo-longitudinal measure of
students’ learning in the upper of the two adjacent grade levels. In TIMSS,
the focus of all data collection and analyses is upon the upper grade of these
two student populations. The same test, intended to be appropriate for the
upper grades’ curriculum, is administered to students in the two adjacent
grades so that the lower grade students’ achievement may be used as a
pseudo-pretest for upper grade students’ achievement. However, since the
focus of this study is on investigating the relationship between students’
motivation and their achievement, rather than an investigation of any
curriculum effect, this study employs data only from the upper grades for the
younger two student populations.

This study focuses solely upon data collected from students in grades
four, eight, and twelve. Since the same test is used with the two adjacent
grades, this design avoids confounding the curriculum effect on students’
achievement due to the rather large differences in the learning opportunities

found in the curricula of the two adjacent grade levels with differences in
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achievement that may be explained by their motivation. Focusing solely

upon the upper grades for the younger student populations also reduces
variation that may be due to developmental changes across the two adjacent
grades of populations one and two and increases the interpretability of
differences that may be found across the three different grade levels.

Since the goal of TIMSS is to obtain a nationally representative sample
of student achievement, geographical primary sampling units (PSUs) were
identified and a stratified random sampling of the PSUs was made to obtain a
sample representative of the U.S. Schools were selected from each
geographical PSU and mathematics classrooms were then randomly selected
from these schools for participation in the educational survey. Students in
the selected mathematics classrooms participated in the mathematics and
science assessments. In this way the student sample is considered to be
representative of the entire U. S. student population at the sampled grade
levels. For the two younger student populations, a total of 26 schools, twelve
schools for student population one and fourteen schools for population two,
were selected from seven states. This school sample consisted primarily of
public schools except for two private schools, one at each of the two student
populations. In addition, four of the student population two schools were
considered magnet schools with advanced placement programs. For student
population three, 18 schools were selected from eight states. Three states but
no schools or school districts were the same between the student populations

one and two sample and the student population three sample.
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A total of 1510 students, 778 girls and 732 boys, in grades four, eight, and

twelve participated in the educational survey. There were 516 in grade four,
266 girls and 250 boys, 702 in grade eight, 374 girls and 228 boys, and 292 in
grade twelve, 154 girls and 138 boys. Because administration of the various
instruments could occur on two separate days, some students did not
complete all parts of both the achievement instrument and the background
questionnaire. In addition, only those grade twelve students currently taking
science courses completed all the questions pertaining to science on the
background questionnaire. Only those students who had valid responses to
all the motivation items and the relevant achievement items were included
in the analyses reported here. Exclusion of cases having missing or
incomplete data yielded a total of 377 grade four students, 603 grade eight
students and 114 grade twelve students. Descriptions of the student sample

are summarized and presented in Table 1.
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Table 1 — Description of Student Sample by Grade

Variable Grade 4 Grade 8 Grade 12
Mean age in years 10.00 13.85 17.88
(SD=042) |(SD=046) |(SD=0.53)
Sex of students
Female 493 % 55.9 % 59.3 %
Male 50.7 % 441 % 40.7 %
Books in the home
None 03 % - -
Very few (1-10) 24 % 1.0 % 1.8 %
One shelf (11-25) 8.1% 6.6 % 53 %
One bookcase (26-100) 30.5 % 325 % 274 %
More than one bookcase (>100) 58.8 % 60.0 % 65.5 %
English spoken at home
almost never 1.6 % 0.5 % 2.7 %
some of the time 51% 49 % 54 %
most of the time 122 % 14.0 % 6.3 %
always 81.1% 80.5 % 85.6 %
Patents’ education level
Don't know 61.3 % 31.2% 149 %
Some school 11% 20% 53%
High school graduate 2.7 % 6.8 % 9.6 %
Some college 8.0 % 12.8 % 13.2 %
College graduate 271 % 47.3 % 57.0 %
Instruments
Stud Bac} 10 9 .

The Student Background Questionnaire contained items providing
information about student’s general background, i.e., age, country of birth, the
frequency with which English is spoken at home, the family’s cultural and
economic capitol, student’s time use outside of school, student’s motivation

and interest in mathematics and the sciences, and an indication of the
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frequency with which specific instructional activities occur during

mathematics and science lessons. Items that addressed these concepts were
either adopted from previous IEA studies or were crafted specifically for
TIMSS through the activities of the Survey of Mathematics and Science
Opportunities (SMSO) project (see Survey of Mathematics and Science
Opportunities, 1993 for more detail).

Initially, all the items on the Student Background Questionnaire were
the same for all three student populations. However, during the
development phase of the questionnaire, many expressed concern over the
response burden this placed on the youngest students. Consequently, the
SMSO eliminated a few items from the population one student questionnaire
to shorten the length of the background questionnaire and the amount of
time it would take the younger students to complete it (Schmidt & Cogan, in
press).

Another difference between the versions of the background
questionnaire for students at the three different population levels was
necessitated by the differentiation of the sciences. While mathematics courses
have different titles and address different branches of mathematics, there is a
greater perceived consistency and relationship between branches of
mathematics than branches of science (see, for example, Stodolsky &
Grossman, 1995). At the college level, mathematics is usually a single major
while teachers and others who major in the sciences usually concentrate on a

single branch of science such as biology, chemistry, or physics. During the



33
development phase of the Student Background Questionnaire, SMSO found

strong evidence internationally that this greater differentiation among the
sciences is often established in students’ experiences and the curriculum as
early as the population two student level. For this reason, most of the science
motivation items were asked successively with respect to biology, earth
science, and physical science or biology, chemistry, earth science, and physics.

In the version of the Student Background Questionnaire employed in
the United States, multiple science versions of the motivation items were
asked only of grade twelve students. Since the achievement test contained
items from all areas of science (as is explained more fully in the next section),
students’ responses to the motivation items for multiple sciences were
combined for analyses. If items were asked four separate times, once each for
biology, chemistry, earth science, and physics, students were to respond only
to those items having to do with the sciences they were currently taking. The
mean of the multiple responses by grade twelve students to more than one
science was employed in analyses for comparability with the responses of
population one and two students. The specific items used to assess students’
science motivation along with the multiple science options for grade twelve
are listed in Appendix 2.

The motivation constructs employed in the analyses in this study
include students’ subject matter Interest, Importance, Career interest,
Perceived competence, and Success Attributions. Students responded to each

item that assessed these constructs using a 4-point Likert scale. Parallel items
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were included concerning motivation in mathematics and science. Interest,

Importance, Career interest, and Perceived Competence for both mathematics
and science were assessed with more than one item. A single item assessed
students’ attribution of success to ability and another single item assessed
students’ attribution of success to hard work. Students’ Interest in the subject
matter (i.e., mathematics or science) and their rating of the subject matter’s
Importance were both measured by three items. Students’ subject-specific
Perceived Competence and subject-specific Career Interest were both
measured by two items. The respective reliabilities, calculated according to
Cronbach’s alpha, for the mathematics scales were .83 (Interest), .71
(Importance), .40 (Perceived competence), and .70 (Career Interest). The
corresponding science scales had reliabilities of .76 (Interest), .72 (Importance),
.32 (Perceived competence), and .82 (Career Interest). Due to the shortening of
the grade four Student Background Questionnaire, the Career Interest and
Importance scales had one less item each. This reduced the Career Interest
scale to a single item for students at this grade level and therefore, no
reliability is reported. The two item Importance scale for grade four students
had reliabilities of .63 and .62 for mathematics and science respectively.
Appendix 1 identifies all the items for mathematics motivation constructs
from the Student Background Questionnaire together with their associated
reliabilities. Appendix 2 contains the same information for all the science
constructs from the Student Background Questionnaire employed in the

analyses.
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The work behind the development of the items included on the TIMSS
student assessments involves a number of individuals from different
countries and disciplines reflecting a genuine desire to create the most
appropriate and fair assessments that have yet been employed in a multi-
national comparative educational survey (Garden & Orpwood, in press). This
process began with the development of the curricular frameworks for
mathematics and the sciences. The frameworks were developed to provide a
language system that would accurately describe the mathematics and science
curricula across the many varied education systems internationally. Such a
language system makes possible meaningful comparisons across a system’s
intended (i.e., system-level curricular guides), implemented (i.e., topics
actually taught in classrooms) and attained (i.e., what students have learned)
curricula as well as comparisons of these curricular elements across education
systems.

The items finally selected to be included in the achievement tests were
chosen to meet specific curricular specifications and to address key curricular
topics of interest at each of the three grade levels. The tests were designed to
balance assessment of appropriate curricular breadth as well as in-depth
assessment of key focal topics for each of the three student levels. Discussions

were conducted with representatives from many different countries to obtain
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a description of the range of topics that could be considered appropriate for

students at each level. The mathematics and science frameworks embody the
result of much of this discussion (Robitaille, et. al., 1993).

Item development began with the formation of an international item
bank. The bank originally contained items from two previous IEA studies,
the Second International Mathematics Study (SIMS) and the Second
International Science Study (SISS), as well as from national assessments such
as the National Assessment of Educational Progress (NAEP) from the United
States. Specialists in mathematics and the sciences from a variety of countries
formed the TIMSS’ Subject Matter Advisory Committee (SMAC) who worked
together with educational measurement specialists to review, write, rewrite,
and select items for the achievement tests. Each item was critically reviewed
by subject matter experts from each of the TIMSS’ participating countries and
were piloted with students in a number of countries before being selected for
inclusion on the assessments (Garden & Orpwood, in press).

Additionally, three item types were included in the student
assessments: multiple choice, short answer, and extended response. The vast
majority of the items were traditional multiple choice with four or five
options presented. Short answer questions were designed to be answered
with a few well chosen words, a phrase, or one or two sentences. Extended
response items were constructed to require a more detailed and descriptive
response that would require students to write a brief paragraph of three or

four sentences or present a problem solution and then briefly explain it.
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The TIMSS Field Trial student assessment booklets, used in the

analyses reported here, consisted of a total of eight different booklets for
students in grades four and eight. Each booklet contained all three item types.
Four booklets assessed students’ learning in mathematics and four assessed
students’ learning in the sciences. Each of the grade four mathematics
booklets contained between 50 and 55 multiple choice items, 3-7 short answer
items, and between 4 and 8 extended response items. The grade four science
booklets contained between 39 and 44 multiple choice items, 3-7 short answer
items, and between 4 and 8 extended response items. At the grade eight level,
mathematics booklets contained between 42 and 63 multiple choice items, 3-7
short answer items, and between 4 and 8 extended response items while the
science booklets contained between 33 and 43 multiple choice items, 3-7 short
answer items, and between 4 and 8 extended response items.

Grade four booklets addressed seven different mathematics topic areas:
whole numbers, fractions and decimals, estimation and number sense,
measurement, geometry, ratios and proportions, functions relations, and
patterns, and data representation, probability and statistics. Grade eight
booklets assessed all of these same topic areas except whole numbers which
was not considered an appropriate topic for students at this grade level. In
science, the grade four topic areas were earth science, life science, physical
science, and science and technology. Grade eight topic areas were earth

science, life science, chemistry, and physics.
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There were three test booklets for students at the twelfth grade level.

Each booklet contained either 48 or 49 items assessing both mathematics and
the sciences. These booklets were designed for the general student population
at this grade level which includes both students who have little coursework
in either mathematics or the sciences as well as students who have advanced
coursework in either mathematics or the sciences at the secondary level. For
this reason, the items were designed to measure what experts considered an
acceptable ‘literacy’ level in mathematics and the sciences (Survey of
Mathematics and Science Opportunities, 1993). Each of the three booklets
contained a mixture of mathematics and science items presented in the three
different formats, multiple choice, short answer, and extended response.
Between 20 and 25 items assessed the mathematics topics of fractions and
decimals, functions and relations, measurement, estimation and number
sense, and data representation, probability, and statistics. Science topics
addressed by between 23 and 25 items included earth sciences, life sciences,
physical sciences, and science and technology. Appendix 3 presents a table
that details the number of each type of item that addressed each topic for each
of the booklets used in the study.

Mathematics and science achievement scores were constructed in the
same manner. Two achievement scores, multiple choice and short answer,
were constructed for all students. Multiple choice items were scored either
right (“1”) or wrong (‘0”). The mathematics or science multiple choice score

for each student was the mean of the student’s scores on all the mathematics
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or science multiple choice items contained in the student’s booklet. Short

answer items were also scored either right (“1”) or wrong (‘0”). International
coding rubrics had been developed for the extended response items
identifying between two and five levels of correct response for each item. For
the analyses reported here, the most correct response was assigned a value of
“1”, the second most correct response assigned a value of “0.9”, the third most
correct response assigned a value of “0.8”, fourth “0.7”, and fifth “0.6".
Incorrect or unintelligible responses were assigned a value of “0”. The
mathematics or science short answer score was the mean of all the scores
assigned to the mathematics or science short answer and extended response
items contained in each students’ test booklet. Finally, students’ mean scores
were standardized within each assessment booklet using the T-scale which
has a mean of 50 and a standard deviation of 10. Standardized scores define
an individual student’s score relative to the mean. The use of standard scores
permits the comparison and aggregation of covariation of students’
achievement scores with background variables across achievement booklets

that may have different raw mean scores.

Data Collection

Data were collected during March, April and May of 1994. Students in

grades four and eight completed assessment instruments during the later part
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of March and the first part of April. Grade twelve students completed their

assessments during the early part of May. Test administrators had been
recruited and trained early in 1994 by a professional research corporation
retained by the United States government to conduct all data gathering and
data entry procedures for U.S. participation in TIMSS. These trained test
administrators conducted all the sessions in the selected schools and
classrooms in which students completed the assessment instruments.

At grades four and eight, students completed one of eight different
achievement test booklets. Each achievement test booklet contained only
mathematics problems or science problems and consisted of two parts, Part A
and Part B. Thus students in grades four and eight completed either a
mathematics test booklet or a science test booklet. No student in these grades
completed booklets for both mathematics and science. For students in these
grades, administration of parts A and B of the booklets was separated by a
break of at least 20 minutes. Grade four students were given 30 minutes to
complete each of the two parts of the test booklet. Grade eight students were
given 45 minutes to complete each of the two test booklet parts. Thus the
total achievement testing time was 60 minutes for grade four students and 90
minutes for grade eight students.

Twelfth grade students each completed one of three different
assessment booklets that contained both mathematics and science items.
Mathematics and science items were intermingled throughout the test

booklets which were not divided into sections or parts. Grade twelve
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students were allotted one 90 minute session to complete the test booklet

with no break during the testing session. At all three grade levels,
achievement test booklets were randomly distributed to the students in the
mathematics class that had been randomly selected within the school as
previously described above.

A Student Background Questionnaire was completed by students in all
three grades. Administration of the background questionnaire always
occurred in a separate and subsequent session to those in which students
completed the achievement assessment. In some instances, it was possible for
students to complete the background questionnaire later the same day as the
assessment instrument. In many instances, however, particularly for twelfth
grade students, it was necessary to hold the Studgnt Background
Questionnaire session on the day following the achievement testing in order
to refrain from a gross disruption of schools’ schedules. This in part explains
the relatively large number of twelfth grade students that completed
assessment booklets but did not complete the Student Background
Questionnaire.

Students in all three grades were given at least 20 minutes to complete
the Student Background Questionnaire. The Student Background
Questionnaire contained items that assessed students’ motivation in both
mathematics and the sciences. For those students in grades four and eight,
students completed an achievement test for either mathematics or science

and then completed the Student Background Questionnaire that assessed
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their motivation in both mathematics and science. Grade twelve students

completed one achievement instrument that assessed both mathematics and
the sciences. They then completed the Student Background Questionnaire

that assessed their motivation in both mathematics and the sciences.



CHAPTER 3: RESULTS

This study has two main components. The first component describes
students’ motivation in mathematics and science, how aspects of motivation
relate to one another, and how students’ motivation differs across grades
four, eight, and twelve. The second component relates students’ motivation
to their performance on a mathematics and/or science achievement test. The
first five hypotheses pertain to issues related to the descriptive component
while the last three hypotheses pertain to the relationship between students’
motivation and their achievement.

Three different types of analyses were carried out to address the specific
questions and hypotheses pertaining to the study’s two main components.
Multivariate analyses of variance and correlational analyses were employed
to address the questions and hypotheses of the descriptive component. Those
pertaining to the second main component, the relationship between
motivation and achievement, were examined through correlational analyses

and structural equation modeling.

Describing Student Motivation

The main objective of this component entails describing the
relationship among the mathematics and science motivation variables at

each developmental level assessed. Table 2 presents the means and standard
43
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deviations for the six motivation variables for both subjects for students in

fourth, eighth, and twelfth grades.

Table 2 - Motivation Means (Std Dev) by Grade Level and Subject

Grade 4 Grade 8 Grade 12
n=377 n=603 n=114

Math Science Math Science Math Science

Interest 3.2 3.1 2.8 2.8 2.8 29
(0.7) (0.7) (0.7) (0.7) (0.8) (0.6)

Importance 35 34 34 34 3.2 3.1
(0.6) (0.6) (0.5) (0.5) (0.6) (0.6)

Career 33 33 2.8 3.1 2.7 25
Relevance (0.8) (0.8) (0.7) (0.8) (0.9 (0.9)

Perceived 29 29 2.7 2.7 2.6 2.6
Competence (0.6) (0.6) (0.6) (0.6) (0.6) (0.5)

Talent 2.9 2.8 2.3 2.2 25 24
(0.9) (0.9) (0.8) (0.9) (0.7) (0.7)

Hard Work 3.5 3.5 34 3.5 33 34
(0.7) (0.7) (0.6) (0.6) (0.6) (0.7)

Since the motivation variables measured are conceptually related, a
single two-factor multivariate analysis of variance (MANOVA) was used to
examine the effect of subject and grade level on students’ motivation.
MANOVA evaluates the effect of one or more independent factors on the
mean levels of two or more related dependent variables. The rationale for
employing a single MANOVA rather than a series of ANOVAs is analogous
to the rationale for using one ANOVA rather than a series of paired t-tests to
examine the effect of one or more independent factors upon a single
dependent measure. ANOVA enables a more precise control of the

probability of a type-I error than multiple t-tests reducing the likelihood that
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the null hypothesis, that there is no difference between group(s) means, is

incorrectly rejected (Glass & Hopkins, 1984). Similarly, MANOVA more
precisely controls the probability of a type-I error than a series of ANOVAs
preventing the unwarranted identification of differences between the means
of two or more dependent measures across two or more groups.

A repeated measures two factor MANOVA was conducted using the
mathematics and science motivation variables as the dependent measures.
Subject matter (i.e., mathematics and science) was a within-subjects factor and
grade level was a between subjects factor. This analysis provided a test for the
main effect of grade level and subject matter as well as the interaction
between the two. MANOVA holds the effect of one factor constant to
examine the effect of another factor. Accordingly, the difference between
students’ mathematics and science motivation was employed to evaluate the
effect of subject matter while the mean of students’ mathematics and science
motivation was used to evaluate the grade level effect. Furthermore, the
effect of grade level was examined by partitioning the grade level effect into
the linear and quadratic components. The intent of this analysis was not to
test specific hypotheses about the type of grade level effect but rather to
provide a full description of the difference in students’ motivation across the
three grade levels. A complete summary of all the multivariate effects

together with the corresponding univariate results is presented in Table 3.






Table 3 — Summary of MANOVA on

46
Students’ Motivation

Multivariate Effect F df Sienifi
Univariate Effect for Motivation Variables igniticance
Subject 12.87 6, 1086 .00
Interest 0.68 1,1091 41
Importance 33.13 1,1091 .00
Career Relevance 6.06 1,1091 .01
Perceived Competence 1.09 1,1091 .30
Talent 12.33 1,1091 .00
Hard Work 4.58 1,1091 .03
Linear Grade 15.61 6, 1086 .00
Interest 25.83 1,1091 .00
Importance 34.45 1,1091 .00
Career Relevance 68.45 1,1091 .00
Perceived Competence 24.38 1,1091 .00
Talent 15.48 1,1091 .00
Hard Work 5.15 1,1091 .02
Quadratic Grade 24.66 6, 1086 .00
Interest 30.49 1,1091 .00
Importance 9.80 1,1091 .00
Career Relevance 0.43 1,1091 51
Perceived Competence 0.18 1,1091 .67
Talent 51.68 1,1091 .00
Hard Work 1.68 1,1091 .20
Subject by Linear Grade 5.08 6, 1086 .00
Interest 5.16 1,1091 .02
Importance 2.57 1,1091 11
Career Relevance 10.30 1,1091 .00
Perceived Competence 1.02 1,109 31
Talent 1.01 1,1091 31
Hard Work 2.00 1,1091 .16
Subject by Quadratic Grade 24.66 6, 1086 .00
Interest 1.22 1,1091 27
Importance 0.52 1,1091 47
Career Relevance 140.47 1,1091 .00
Perceived Competence 0.12 1,1091 73
Talent 1.02 1,1091 31
Hard Work 0.00 1,1091 1.00
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The two factor MANOVA on students’ motivation (i.e., Interest,

Importance, Career Relevance, Perceived Competence, success attributions to

natural Talent and Hard Work) revealed a significant linear grade level by
subject interaction, F (6, 1086) = 5.08, p < .001 as well as a significant quadratic
grade level by subject interaction, F (6, 1086) = 24.66, p < .001. Figure 2

graphically represents the interaction of subject matter and grade level by
showing the difference between mathematics and science motivation means

at each of the three grades.

Figure 2 - Differences Between Mathematics and Science Motivation Means

by Grade
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As shown in Table 3, univariate tests of these subject by grade level

interactions revealed a significant linear grade level effect for the difference

between students’ mathematics and science motivation for two of the six

motivation variables: Interest, F (1, 1091) = 5.16, p < .05, and Career Relevance,

F (1, 1091) = 10.30, p < .01. Career relevance was also the only variable to
demonstrate a significant interaction of subject matter and quadratic grade
level effect: F (1, 1091) = 140.47, p < .001. These results mean that grade 4

students’ mean interest in mathematics was greater than their interest in
science but that students in grades 8 and 12 demonstrated a greater mean
interest in science than mathematics. Grade 4 students expressed no
difference in their perception of the career relevance of mathematics and
science but differences were observed among older students. Grade 8 students
perceived science to be more relevant to their future career than mathematics
but grade 12 students expressed the opposite.

In addition to the significant interactions, the MANOVA also yielded

significant main effects for grade level, F (6, 1086) = 15.61, p < .001 for the
linear effect and F (6, 1086) = 24.66, p < .001 for the quadratic effect, and subject

matter, F (6, 1086) = 12.87, p < .001. Univariate tests yielded a significant linear
grade level effect for each of the four motivation variables that did not

demonstrate a significant interaction: Importance, F (1, 1091) = 34.45, p < .001;

Perceived Competence, F (1, 1091) = 24.38, p < .001; and success attributions to
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Talent, F (1, 1091) = 15.48, p < .001, and Hard Work, F (1, 1091) = 5.15, p < .05.

Univariate tests also yielded significant quadratic grade level effects for

students’ Importance, F (1, 1091) = 9.80, p < .001 and success attribution to

Talent, F (1, 1091) = 51.68, p < .001. These grade level effects are illustrated

graphically in Figure 3.

Figure 3 - Mean of Mathematics and Science Motivation Variables by Grade
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As can be seen in Figure 3, the quadratic effects reveal that the mean

Importance of subject-matter is quite similar and relatively high for students

in grades 4 and 8 but drops for students in grade 12. Students’ mean

attribution to natural Talent for subject-matter success reveals a different
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pattern: students in grades 4 and 12 endorse Talent as important for doing

well to a greater extent than do students in grade 8. The linear effect seen in
Figure 3 shows that students’ mean subject-matter Perceived Competence is
greater among grade 4 students than among grade 8 students and is even less
for students in grade 12. A similar pattern is observed with students’ mean
attribution of subject-matter success to Hard Work. Nonetheless, this mean is
consistently the largest among the six motivation variables measured in this

study.

Figure 4 —-Motivation Means for Mathematics and Science
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Univariate tests of the subject matter effect revealed a significant

difference between students’ mathematics and science motivation for three of
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the four motivation variables that did not demonstrate a significant

interaction: Importance, F(1,1091) = 33.13, p < .001 and success attributions to
natural Talent, F(1,1091) = 12.33, p < .001 as well as to Hard Work, F(1,1091) =

4.58, p < .05. These differences are graphically presented in Figure 4. As can

be seen from Figure 4, students in general endorsed Hard Work as a reason
for doing well in science more than in mathematics. However, they endorsed
natural Talent as a reason for doing well in mathematics to a greater extent
than they did with respect to science. Students’ mean subject-matter

Importance was also greater for mathematics than for science.

Hypothesis 1: D ine Motivational M

Hypothesis one predicted that students’ interest, importance, and
perceived competence in both mathematics and science would demonstrate a
decrease across the three developmental levels. The means presented in
Table 2 and graphically represented in Figure 3 are, for the most part,
consistent with this hypothesis. The significant interaction of grade level and
subject-matter for students’ interest suggests that the hypothesized decreasing
trend is dependent upon the specific subject-matter considered. The
hypothesized trend appears to hold for student interest in mathematics but
not for students’ interest in science. The significant multivariate effect of
grade together with the subsequent significant univariate grade level effects

reported from the two-factor MANOVA support the hypothesis of a






52
decreasing trend among students’ subject-matter Importance and Perceived

Competence.

Hyoothesis 2: Attributi Hard Work and Tal

Hypothesis two predicted that only elementary students would
attribute success in both mathematics and science more to hard work than to
talent; older students would attribute success in both domains more to talent
that to hard work. As may be surmised from Table 2 and the representations
of students mathematics and science motivation in Figure 3, this hypothesis
is not supported by the data. A second MANOVA was performed with
students’ mathematics and science motivation measures to obtain specific
contrasts between their success attributions to Hard Work and Talent. The

MANOVA has a significant multivariate grade level effect, F (24, 2162) =

18.75, p < .001, together with significant univariate tests of the difference
between Hard Work and Talent both in mathematics, F (2, 1091) = 11.80, p <

.001, and science, F (2, 1091) = 35.27, p < .001, across grades 4, 8, and 12. This

means that, on average, students endorsed hard Work as a reason for doing
well in a subject to a greater extent than they did natural Talent. Contrary to
the hypothesis, this is true for students at all three grade levels and with
respect to both mathematics and science. In fact, at all three grade levels and
with respect to both mathematics and science, students’ mean level

attribution of success to Hard Work was either the highest or second highest
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of the six motivation means while their mean level attribution of success to

natural Talent was the lowest.

Hypothesis 3: Perceived Compe! s Attributs

Hypothesis 3 addresses the relationship between students’ perceived
competence and their success attributions (i.e., to either talent or hard work)
predicting that these would not be differentiated in elementary students but
would be differentiated in older students. Table 4 presents the correlations
among these variables in both mathematics and science at each of the three
grade levels.

Table 4 — Correlations Between Perceived Competence and Success
Attributions by Subject and Grade

Mathematics Science
Talent Hd Wrk Comp Talent Hd Wrk Comp

Grade 4

Talent 1.00 1.00

Hard Work .35** 1.00 .26** 1.00

Competence .13* 17+ 1.00 .03 .14+ 1.00
Grade 8

Talent 1.00 1.00

Hard Work .04 1.00 .05 1.00

Competence  -.03 -.04 1.00 -.05 -.02 1.00
Grade 12

Talent 1.00 1.00

Hard Work -.15 1.00 .01 1.00

Competence  -.13 - 27 1.00 -.03 .00 1.00

two-tailed significance *p<.01 ** p < .001
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Students’ mathematics perceived competence and success attributions

(i.e., talent and effort) all significantly relate to each other at grade four. Grade
four students’ science attributions are similarly related except that the
correlation between their Perceived Competence in science and attribution of
success in science to natural Talent is not significant. In contrast, none of
these relationships is significant with grade eight students. Only one of these
relationship was significant among twelfth grade students -the correlation
between students’ perceived mathematics Perceived Competence and their
attribution of mathematics success to Hard Work.

This pattern of relationships among students’ Perceived Competence
and success attributions is consistent with hypothesis 3: these relationships
are positively and significantly related among grade four students but not
among students in grades eight or twelve. This means that these concepts are

not clearly differentiated in grade 4 students while they are differentiated

among grade 8 and grade 12 students.

The relationship between students’ subject-matter-specific career
relevance and other aspects of motivation is the substance of hypothesis four.
This hypothesis predicted that students’ subject-matter-specific career
relevance would demonstrate an increasing relationship with other

motivational concepts from middle elementary to middle school to high
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