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Math and Science Motivation: A Longitudinal Examination of the Links
Between Choices and Beliefs
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This

study addresses the longitudinal associations between youths’
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out-of-school activities,

expectancies—values, and high school course enrollment in the domains of math and science. Data were
collected on 227 youth who reported on their activity participation in 5th grade, expectancies—values in
6th and 10th grade, and courses taken throughout high school. Math and science course grades at Sth and
10th grade were gathered through school record data. Results indicated youths’ math and science activity
participation predicted their expectancies and values, which, in turn, predicted the number of high school
courses above the predictive power of grades. Although there were mean-level differences between boys
and girls on some of these indicators, relations among indicators did not significantly differ by gender.
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Over the past several decades, the U.S. economy has increas-
ingly relied on math-, science-, and technology-related fields.
Unfortunately, the number of youth, particularly women, pursuing
college degrees and careers in math and science is declining
(Panteli, Stack, & Ramsay, 2001). Researchers have begun to
document the pathways youth take to pursue particular careers. For
example, high school math and science course choices are influ-
ential in youths’ pursuit of a science-related career through their
influence on youths’ beliefs (Eccles, 1994; Farmer, Wardrop,
Anderson, & Risinger, 1995; Farmer, Wardrop, & Rotella, 1999).
Given the growing importance of math and science in career
choices, it is important that researchers understand what leads to
various pathways in the pursuit of math and science careers.
Although researchers know that high school math and science
courses have long-term implications on youths’ college and post-
college choices, little longitudinal work has focused on precursors
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of students’ high school course choices. This information is nec-
essary to expand researchers’ understanding of what might influ-
ence course selection in high school. Theories of motivation, such
as the Eccles expectancy-value model (Parsons [Eccles], Adler, &
Meece, 1984), suggest that self-beliefs and task beliefs are critical
precursors of these high school choices. These relations are recip-
rocal in that choices influence beliefs, which, in turn, impact
subsequent choices (Eccles, 1994). Thus, the purpose of this cur-
rent investigation is to test the reciprocal relations between choices
and beliefs in math and science to gain a better understanding of
the process that might lead to choosing math and science course-
work in high school.

Theoretically, the reciprocal relations between choices and be-
liefs should emerge across development as children move through
middle childhood and into adolescence. Thus, choices made by
elementary school children regarding math and science activities
should influence their beliefs regarding both their abilities in and
utility of these activities and then subsequently influence their later
choices (or behaviors) regarding these academic subjects. These
relations should emerge regardless of changes in the types of math
and science choices across these periods. Elementary school chil-
dren often do not have a choice in their math and science classes,
because these choices are often predetermined by the school.
Children at this age do, however, have some choice concerning
their engagement in math and science activities outside of school.
In high school, youths’ participation in out-of-school math and
science activities is low, as most youth spend their out-of-school
time hanging out with friends, working, or engaging in extracur-
ricular activities (Larson & Verma, 1999). High school youth,
however, exert choices in these domains in the courses they take
during school. As a result, the types of choices youth make in math
and science change as they age. According to the Eccles model
(Parsons [Eccles] et al., 1984), regardless of the changes in
choices, early out-of-school choices should influence self-beliefs
and task beliefs and subsequent adolescent school choices. Hence,
this article will examine how engagement in out-of-school math
and science enrichment activities relates to youths’ subsequent
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self-beliefs and task beliefs, which, in turn, predict enrollment in
high school math and science courses. Such longitudinal links
between early engagement in enrichment activities and later course
enrollment choices have implications for out-of-school program-
ming, children’s leisure pursuits, and strategies to get children on
track for math and science careers.

Relations Among Activities, Beliefs, and Courses

Children’s everyday activities provide opportunities for the de-
velopment of talent interests and cognitive skills (e.g., Guberman,
1999). According to Erikson (1982), middle childhood may be a
particularly influential time for activities because this is when
behavioral habits critical for health and competence are solidified
and when skills, which form the basis for personal identities and
self-esteem, are being learned. Furthermore, researchers have
found that individual differences in self-beliefs and task beliefs
emerge over the elementary school years and then are continually
refined in response to performance feedback and identity forma-
tion processes through adolescence (Eccles, Lord, Roeser, Barber,
& Jozefowicz, 1997; Jacobs, Finken, Griffin, & Wright, 1998;
Wigfield et al., 1997). Thus, participation in out-of-school activi-
ties during the elementary school years when self-beliefs and task
beliefs are emerging may be particularly important.

Researchers have shown that children’s participation in orga-
nized and informal activities during middle childhood has impli-
cations for both their beliefs in these domains (e.g., importance,
self-concept of ability) and emerging cognitive abilities (Eccles,
Wigfield, & Schiefele, 1998; Gauvain, 1999). In fact, research
suggests that math and science out-of-school activities are posi-
tively associated with youths’ interest in science and self-concept
of abilities in these domains (Dickhduser & Stiensmeier-Pelster,
2002; Jacobs et al., 1998). Although these studies provide prelim-
inary evidence that children’s participation in out-of-school activ-
ities is associated with concurrent beliefs, few studies have exam-
ined the longitudinal associations between out-of-school choices
and subsequent beliefs.

Other researchers have focused on the power of beliefs in
predicting adolescent choices. Expectancies and values are strong
predictors of academic- and sport-related choices (Eccles et al.,
1998). For instance, youths’ intentions to enroll in elective math
and science courses were associated with their interest and belief
about the importance of these domains (Atwater, Wiggins, &
Gardner, 1995; Meece, Wigfield, & Eccles, 1990; Parsons [Eccles]
et al.,, 1985). The actual number of math and science courses
adolescents took in high school was predicted by youths’ task
values (e.g., interest, feelings of the importance) but not their math
self-concepts (Joyce & Farenga, 2000; Parsons [Eccles] et al.,
1984; Updegraff, Eccles, Barber, & O’Brien, 1996). Much of this
work, however, has concentrated on the math domain. Science has
been studied less often, particularly in regard to the distinction
between physical and life science choices (Andre, Whigham, Hen-
drickson, & Chambers, 1999).

What is not clear in the existing literature is how these various
choices and beliefs relate to each other over time. We believe that
after-school activity choices, psychological predictors, and adoles-
cent choices influence each other through various feedback sys-
tems over time (Eccles, 1994). Initially, daily experiences during
activity participation in middle childhood (Erikson, 1982) are

likely to influence the development of children’s task and self-
perceptions, which, in turn, should predict subsequent choices in
adolescence. Very limited research has addressed such develop-
mental questions. The research that does exist is cross-sectional
and suggests that participating in out-of-school science activities is
associated with youths’ interest in science and aspirations of a
physical science career (Jacobs et al., 1998). We hypothesize that
youths’ participation in out-of-school activities will be positively
associated with their self-beliefs and task beliefs in these domains.
In turn, we expect that these beliefs will positively predict later
choices; in this case, the number of high school courses.

A common influence on youths’ beliefs and choices is their
achievement. Research suggests that math and science achieve-
ment are positively associated with youths’ values and self-
concepts (Casey, Nuttall, & Pezaris, 1997; Frome & Eccles, 1998;
Jacobs, 1991; Jacobs et al., 1998; Parsons [Eccles] et al., 1984,
1985; Updegraff et al., 1996; Wigfield, Eccles, Mac Iver, Reuman,
& Midgley, 1991). In addition, youth who perform well in math
and science are more likely to enroll in additional elective courses
(Farmer et al., 1995, 1999; Parsons [Eccles] et al., 1984; Updegraff
et al., 1996). Even though performance is associated with youths’
beliefs and choices, few investigators have included measures of
performance feedback, such as school grades, in their analyses.
Thus, the unique relations between beliefs and choices, beyond
their very high association with performance, are often not clear. A
major aim of this study is to test longitudinal associations among
participation in math and science activities, beliefs, and number of
courses while taking into account the influence that performance
feedback exerts on youths’ beliefs and choices in these domains.
We hypothesize that even though performance will influence be-
liefs and choices, youths’ beliefs and choices will be strongly
related across time.

Longitudinal Model Between Choices and Beliefs

The purpose of this study is to examine the longitudinal rela-
tions between youths’ math and science choices and their expect-
ancies and values from middle childhood through adolescence.
Specifically, we examine the model presented in Figure 1, which
is based on the Eccles expectancy-value model of behavioral
choices (Parsons [Eccles] et al., 1984). This model, which spans
5th—12th grade, includes indicators of youths’ beliefs and choices
(i.e., out-of-school activity participation in elementary school,
number of courses taken throughout high school) that are applica-
ble to these developmental periods. As described in the Eccles
expectancy-value model (Parsons [Eccles] et al., 1984), middle
childhood activity choices are theorized to influence future beliefs
and, in turn, influence choices into adolescence.

Youths’ math and science experiences change dramatically from
5th—12th grade. For instance, the topics covered in school become
more challenging and advanced with development. In addition,
research suggests that youths’ expectancies and values continue to
change across these years (Jacobs, Lanza, Osgood, Eccles, &
Wigfield, 2002; Parsons [Eccles] et al., 1985; Wigfield et al.,
1991). In order to examine the relations between choices and
beliefs across this period, we included youths’ beliefs at two time
points, namely, beliefs in middle childhood (i.e., 6th grade) and in
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Figure 1.

adolescence (i.e., 10th grade), which is when many children begin
to choose elective high school courses (Updegraff et al., 1996).
Indicators of youths’ performance, namely, their course grades,
were included in 5th and 10th grade in order to control for the
influence of the performance feedback youth receive on predicting
choices and beliefs. Lastly, parental income and education were
included to control for broad parental influences, such as the home
environment.

Gender Differences

Gender differences are a pervasive theme throughout the liter-
ature on math and science. Math and physical science are often
considered to be domains in which boys have high achievement,
values, and self-concepts. On the contrary, math and science
school achievement and grades are usually not significantly dif-
ferent between boys and girls (e.g., Farmer et al., 1995; Updegraff
et al., 1996), and sometimes girls outperform boys in both subject
areas (Hay, Ashman, & Van Kraayenoord, 1998; Jacobs, 1991).
There are, however, marked differences in their beliefs and
choices. Research has consistently shown that girls have lower
math and science self-concepts than boys (Andre et al., 1999;
Eccles & Harold, 1991; Eccles, Wigfield, Harold, & Blumenfeld,
1993; Jacobs, 1991; Jacobs & Eccles, 1992; Jacobs et al., 2002;
Meece et al., 1990; Parsons [Eccles] et al., 1984, 1985; Stipek &
Gralinski, 1991; Updegraff et al., 1996; Wigfield et al., 1991). The
evidence concerning gender differences in values is less consistent
than self-concepts. Findings on youths’ overall value, which in-
cludes both interest and beliefs about importance, suggest that
boys and girls report similar values of mathematics and science
(Andre et al., 1999; Eccles et al., 1993; Jacobs et al., 2002; Parsons
[Eccles] et al., 1984, 1985; Wigfield et al., 1991). When beliefs
about importance is examined separately, however, findings have
shown that boys attach greater personal importance to do well in
math than girls (Andre et al., 1999; Eccles & Harold, 1991; Meece

Interest, or
Importance

Interest, or
Importance

The model tested in structural equation modeling.

et al.,, 1990; Updegraff et al., 1996; Wigfield et al., 1991). We
expect that boys will have higher values and self-concepts than
girls in both domains.

There are also marked gender differences in youths’ math and
science choices. Boys are more likely than girls to enroll in math
courses during high school (Farmer et al., 1995; Parsons [Eccles]
et al., 1984; Updegraff et al., 1996) but are less likely to engage in
math activities outside of school (Eccles & Harold, 1991; Simp-
kins, Davis-Kean, & Eccles, 2005). The number of science courses
and participation in out-of-school science activities, however, does
not significantly differ by gender (Farmer et al., 1995, 1999;
Simpkins et al., 2005), but this may be due to the fact that girls are
more likely to favor the biological sciences and boys have higher
representation in the physical sciences (Andre et al., 1999). We
hypothesize that boys will enroll in more math and physical
science high school courses than girls but participate less often in
math out-of-school activities.

It is also possible that gender differences could emerge in
relations between beliefs and choices. These relational differences
can occur regardless of mean-level differences in youths’ beliefs
and choices. For example, even though boys had higher math
beliefs and lower participation in out-of-school math activities,
similar associations between math beliefs and time spent in out-
of-school math activities emerged for both boys and girls (Eccles
& Harold, 1991; Paris, Yambor, & Packard, 1998; Parsons
[Eccles] et al., 1984). In this case, beliefs were positively associ-
ated with both boys’ and girls’ participation in math activities
regardless of mean-level differences. Furthermore, these relations
were similar in strength. Although child gender can be linked to
mean-level and relational differences, the majority of research
addressing this issue has only examined whether boys and girls
differ according to their means. Thus, gender differences in the
relations between beliefs and choices will also be examined in the
bivariate associations and the overall model presented in Figure 1.
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Study Aims

This investigation focused on testing relations between math
and science choices and beliefs from middle childhood through
adolescence. Specifically, we expect that youths’ out-of-school
activities will positively predict their self-beliefs and task beliefs,
which, in turn, will positively predict the number of courses they
take in high school. We also hypothesize that boys will have higher
self-beliefs and task beliefs, higher high school course enrollment,
lower participation in activities, and similar academic achievement
as girls. We will also examine whether relations among these
indicators and the model in Figure 1 are different for boys and
girls.

Method

Participants

Data are from the Michigan Childhood and Beyond Study. This longi-
tudinal, school-based study includes families with children in 12 public
schools from three school districts in Michigan (Eccles et al., 1993;
Wigfield et al., 1997). In 1987, children in kindergarten, 1st grade, and 3rd
grade were recruited along with their parents through children’s schools.
Letters describing the study and permission slips were given to families by
children’s teachers. Seventy-five percent to 90% of the families across the
schools agreed to participate.

Only data from the 3rd-grade cohort were used in this study in order to
obtain data from the grade levels of interest in middle childhood and
adolescence. If families had data at three of the four waves used in this
study, they were included in the present sample (N = 227; 77% of the
cohort). Information from one child and both parents in each family were
included. At the beginning of the study (i.e., 3rd grade), children’s mean
age was 8.33 years (SD = 0.32), 54% were female, and the majority of the
families (97%) had two parents living in the home. Ninety-seven percent of
mothers, 96% of fathers, and 93% of children were European American
and spoke English. Forty-two percent of mothers and 44% of fathers had
earned a degree from a 4-year college. Families’ 1989 annual household
income ranged between under $10,000 to over $80,000 (Mdn = $50,000—
$59,999). This sample was explicitly selected so that family income and
neighborhood resources would not be obstacles to parents providing op-
portunities for their children.

Procedure

The Michigan Childhood and Beyond Study includes data on these
children from 3rd—6th grade, 10th—12th grade, and 2 years post-high
school. Data used in this study were from 5th, 6th, 10th, and 12th grade.
Children’s data were collected at school during the spring of each year.
Questionnaires were administered in their classroom under the supervision
of several staff members. During 5th and 6th grade, questionnaires were
read aloud to the entire class. Children’s participation in math and science
activities was collected in 5th grade. Children described their math and
science interest, their beliefs about the importance of these subjects, and
their self-competencies at 6th and 10th grade. In 12th grade, youth reported
the courses they took throughout high school. Youths’ grades in their math
and science courses were gathered from their school record data at 5th and
10th grade.

Measures

Choices: Activity participation. At 5th grade, children described how
often they participated in math and science activities after school during the
past year. For each of the activities, children were first asked whether they
participated in several specific math or science activities in the past year

(1 = yes, 0 = no). Following each of the lists of specific activities, children
rated how often they generally participated in those types of activities
outside of school in the past year on a 7-point scale (0 = never, 6 = almost
every day for a lot of time). The lists of activities were presented before
assessing how much time children participated in each type of activity for
two reasons. First, the list of specific activities provided children with
concrete examples of activities in each domain. Second, it provided chil-
dren with an opportunity to reflect on the different types of activities they
have engaged in over the past year.

For math activities, children were asked whether they had participated
(i.e., 1 = yes, 0 = no) in the following math activities during the past year:
“flashcards” (11% said yes); “calculators” (39% said yes); “computer
games with math” (38% said yes); the electronic game “Speak & Math”
(11% said yes); “math workbooks, dittos, and worksheets” (35% said yes);
“math board games” (15% said yes); “play school doing math problems”
(17% said yes); “math puzzles” (20% said yes); and “make up and do
problems in math” (23% said yes). Subsequently, children were asked how
often they participated in these types of math activities in the past year
using the 7-point scale.

To measure children’s participation in science activities, we asked
children whether they had participated (i.e., yes, no) in the following
activities during the past year: “collecting things like rocks, insects, leaves,
and shells” (58% said yes); “doing experiments like with chemistry sets”
(35% said yes); “reading science books” (35% said yes); “going to science
museums” (42% said yes); “building erector sets” (15% said yes); and
“working with science kits” (30% said yes). Following the list of activities,
children stated how often they participated in such science activities in the
past year on the 7-point scale. The two questions assessing temporal
participation in math and science were used in our analyses. These items
were meant to exclude time children spent on math and science homework,
as earlier items in the questionnaire assessed time spent on homework.

Choices: High school courses. In 12th grade, participants reported
whether they had taken various math and science courses at any point
during high school. Math courses included Algebra, Algebra II, Geometry,
Precalculus, Trigonometry, Calculus, and Advanced Placement Calculus—
Advanced Placement Analysis. The list of physical science classes in-
cluded Chemistry, Advanced Chemistry—Advanced Placement Chemistry,
Physics, and Advanced Physics—Advanced Placement Physics. The num-
ber of courses in math and science was calculated by summing the number
of math or science courses youth took throughout high school.

Expectancies—values. ~Children described their expectancies and values
concerning math and science at 6th and 10th grade. These scales have
excellent face, convergent, and discriminant validity as well as strong
psychometric properties (Eccles et al., 1993; Jacobs et al., 2002).

Children’s math self-concept included five items (Cronbach’s a: 6th
grade = .78, 10th grade = .85): (a) “How good at math are you?” (1 = not
at all good, T = very good); (b) “If you were to list all of the students in
your class from worst to best in math, where would you put yourself?” (1 =
one of the worst, T = one of the best); (c) “Compared to most of your other
school subjects, how good are you at math?” (1 = a lot worse, 7 = a lot
better); (d) “How well do you expect to do in math this year?” (1 = not at
all well, 7 = very well); and (e) “How good would you be at learning
something new in math?” (1 = not all good, 7 = very good).

Children’s perceptions of math importance at 6th and 10th grade in-
cluded three items (Cronbach’s «: 6th grade = .71, 10th grade = .84): (a)
“In general, how useful is what you learn in math?” (1 = not at all useful,
7 = very useful); (b) “For me being good at math is ....” (1 = not at all
important, 7 = very important); and (c) “Compared to most of your other
activities, how important is it to you to be good at math?” (1 = not as
important, 7 = a lot more important).

Interest in math was assessed at 6th and 10th grade with the following
three items (Cronbach’s «: 6th grade = .61, 10th grade = .71): (a)
“Compared to most of your other activities, how much do you like math?”
(1 = not as much, 7 = a lot more); (b) “In general, do you find working
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on math assignments . . . .” (1 = very boring, 7 = very interesting); and (c)
“How much do you like doing math? (1 = a little, 7 = a lot).

Children’s science self-concept included three items at 6th grade (Cron-
bach’s a = .86): (a) “How good at science are you?” (1 = not at all good,
7 = very good); (b) “If you were to list all of the students in your class from
worst to best in science, where would you put yourself?” (1 = one of the
worst, 7 = one of the best); and (c) “Compared to most of your other school
subjects, how good are you at science?” (1 = a lot worse, T = a lot better).
In 10th grade, all science items were changed to assess physics and
chemistry, which reflected students’ current and future science curriculum.
Three items were used to assess children’s science self-concept at 10th
grade (Cronbach’s a = .90): (a) “How good do you think you would be at
physics and chemistry?” (1 = not at all good, 7 = very good); (b) “How
well do you expect to do in physics and chemistry in high school?” (1 =
not at all well, 7 = very well); and (c) “How good do you think you would
be in a career requiring physics and chemistry skills?”” (1 = not at all good,
7 = very good).

Children’s perceptions of science importance at 6th and 10th grade
included two items: (a) “In general, how useful is what you learn in
(science/physics and chemistry)?” (1 = not at all useful, 7 = very useful)
and (b) “For me, being good at (science/physics and chemistry) is ... .”
(1 = not at all important, 7 = very important). In 6th grade, youth also
reported on an additional item: “Compared to most of your other activities,
how important is it to you to be good at science?” (1 = not at all important,
7 = very important). The reliability of the three-item scale at 6th grade was
.92. The reliability of the 10th-grade two-item scale was .84.

Interest in science was assessed at 6th and 10th grade with the following
items (Cronbach’s a: 6th grade = .92, 10th grade = .71): (a) “In general,
I (find/think I will find) working on (science/physics and chemistry)
assignments . .. .” (1 = very boring, 7 = very interesting) and (b) “How
much (do you/do you think you will) like doing (science/physics and
chemistry)?” (1 = a little, 7 = a lot).

Grades. Children’s yearly course grades in math and science during
5th and 10th grade were collected from the school record data (1 = F, 16 =
A+).

Parent education. Mothers and fathers reported their highest level of
educational attainment on a list of precoded responses (1 = grade school,
9 = PhD). The highest level of education across mothers and fathers was
used as an indicator of parental education (Shumow & Lomax, 2002).

Family annual income. Parents described their annual income with a
scale listing income brackets in $10,000 increments (minimum = none;
maximum = over $80,000). Parents’ incomes were summed to create the
average family annual income.

Missing Data

The missing data rates in this study are comparable with other longitu-
dinal studies (no missing data at Sth grade, 1% missing data at 6th grade,
12% missing data at 10th grade, 24% missing data at 12th grade). A
combination of mailed surveys and telephone interviews (coupled with a
variety of tracking strategies, including earlier parent or friend contacts, the
State Motor Vehicle Department records, social security numbers, and
forwarding address information available from the post office) was used to
minimize attrition. All participants were tracked and asked to participate at
each wave. The most common source of attrition was moving out of the
data collection area.

This report included data from four waves (i.e., Sth, 6th, 10th, and 12th
grade). Youth were included in the study if they had data from three of the
four time points. To see whether sample attrition influenced results, we
compared individuals with complete data or missing data at one wave (i.e.,
participants included in this investigation) with individuals with missing
data at two or more time points (i.e., individuals excluded from the current
investigation) on all indicators included in the analyses. Only 2 of the 23
comparisons were significant. Youth with complete data at all waves or

who were missing data at one wave had lower ratings of science self-
concept in 6th grade (d = .01) and math interest in 6th grade (d = .01) than
youth who had missing data at two or more waves.

Results
Overview of Analyses

The results are organized into three broad sections. First, we
report the descriptive statistics and gender differences for the
indicators included in our model. Second, we discuss the bivariate
relations and gender differences in the relations among youths’
beliefs, activity participation, number of courses, and course
grades. Third, we estimated the model presented in Figure 1 with
structural equation models for each of the various beliefs in math
and science. We also tested gender differences in the overall model
in this third section.

Descriptive Statistics

Means and standard deviations of children’s grades, activity
participation, expectancies—values, and number of courses are pre-
sented separately for boys and girls in Table 1. Children’s course
grades in math and science in 5th grade indicate that they typically
earned between a B— (i.e., 11) and a B (i.e., 12). In 10th grade,
youths’ course grades in math and science dropped slightly. The
means for course grades in both domains fell between a C+ (i.e.,
10) and B-. Children reported participating in math and science
activities about once a week in 5th grade. The means of youths’
self-concept, interest, and beliefs about the importance of math and
science typically fell around the midpoint of the 7-point scales
(i.e., 4). Thus, on average, youth in 6th and 10th grade reported
moderate abilities in, interest in, and beliefs about the importance
of math and science. Youth, on average, reported taking around
four math courses in high school; in contrast, they reported enroll-
ing in about one or two physical science courses.

Do Boys and Girls Differ on These Math and Science
Indicators?

Gender differences in youths’ grades, activity participation,
expectancies—values, and course enrollment were tested with a
multivariate analysis of variance (MANOVA). The overall
MANOVA was significant, F(20, 207) = 2.27, p < .01. Further
comparisons revealed that boys spent less time in math activities
than girls (p < .001). Boys, however, had higher math self-
concepts of ability at 6th grade than girls (p < .05). Overall, there
were not many significant mean-level differences between boys
and girls.

What Are the Bivariate Relations Among Grades, Beliefs,
and Choices?

Bivariate correlations were computed to examine relations
among children’s activity participation, grades, beliefs, and num-
ber of courses. Although separate correlations were computed for
math and science indicators for boys and girls (see Table 2 for
math correlations and Table 3 for science correlations), similar
patterns emerged across associations across domains and genders.
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Table 1
Means and Standard Deviations of Youth-Reported Activity Participation, Expectancies—Values, and Adolescent Outcomes

Math Science
Boys Girls Boys Girls
Item M SD M SD M SD M SD
Course grades
Sth 11.10 3.34 11.10 3.65 11.84 3.35 11.61 3.71
10th 10.74 3.15 10.82 3.28 10.62 3.42 10.65 3.29
Activity participation: 5th grade 2.11%%* 1.52 2.57 1.50 2.54 1.64 2.36 1.61
Expectancies—values
6th grade
Self-concept 5.60%* 1.04 5.03 1.08 4.55 1.43 4.38 1.36
Interest 431 1.76 3.88 1.56 4.03 1.98 3.97 2.17
Importance 5.37 1.11 5.19 0.96 4.77 1.58 4.50 1.75
10th grade
Self-concept 5.11 1.22 4.66 1.28 4.74 1.51 4.11 1.60
Interest 3.69 1.57 3.47 1.64 4.30 1.67 3.57 1.82
Importance 4.63 1.22 4.38 1.20 4.73 1.55 4.38 1.69
Number of courses 4.17 1.84 4.16 1.78 1.66 1.25 1.39 1.09

Note. Asterisks indicate significant differences between boys and girls.
*p <.05. ***p < .00L.

Several of the correlations presented in Tables 2 and 3 were
statistically significant. Youths’ participation in out-of-school
math and science activities in 5th grade was positively associated
with their expectancies—values in 6th and 10th grades, particularly
for boys. Thus, if boys participated in high amounts of math and
science activities in 5th grade, they were more likely to have
higher beliefs in those domains 1 year later and even 5 years later.
The correlations between girls’ activity participation and beliefs
were positive but not statistically significant.

Youths’ expectancies and values evidenced high correlations
within and across time for both domains and genders. The inter-
correlations among youths’ ratings of interest, beliefs about im-
portance, and self-concept in each domain were high within 6th
and 10th grade (rs = .24-.82). Math and science beliefs also
typically evidenced moderate to high stability across 6th to 10th
grade. Youths’ course grades in math during 5th and 10th grade

were positively associated with their math self-concept and interest
in 6th grade. Youths’ beliefs about science in 6th grade were not
consistently associated with their grades in science. Math and
science beliefs in 10th grade were highly correlated with their
concurrent grades.

The number of math and science courses taken throughout high
school was positively associated with youths’ grades in 5th and
10th grade. In addition, they were related to youths’ 6th-grade
self-concept and 10th-grade beliefs. Thus, youth who took more
courses were more likely to excel in their courses and have higher
expectancies and values concerning math and science.

We tested differences between boys’ and girls’ correlations with
Fischer’s 7’ transformation (Cohen & Cohen, 1983). Correlations
that significantly differed between boys and girls appear in bold-
face in Tables 2 and 3. Two of the 45 math correlation pairs were
significantly different for boys and girls (i.e., 4%; see Table 2).

Table 2
Correlations Among Youth Math Grades, Activity Participation, Expectancies—Values, and Outcomes
Math indicator 1 2 3 4 5 6 7 8 9 10
1. Grades: 5th grade — 29%* 12 29%H% .03 —.02 18* 17 21% 4oFHE
2. Grades: 10th grade 29%% — .01 35 267 —.07 67 54k A2 53
3. Activity participation 21% 22% — .16 .09 .07 .03 —.03 —.01 A1
6th grade
4. Self-concept 35 39 28w — S4krE 24%% 54k 36%FH* 21% 4TEE
5. Interest 25%% .04 35wk PREEE — A 40 QT 28 .19
6. Importance .10 —.01 30%** 30%H* S4rE — .03 22% 28FHE —.07
10th grade
7. Self-concept 23% 61 25%* 48FHE .19 .04 — T1EEE S55FHE ST7EEE
8. Interest .08 AL 21% 28 35 A1 60 — 69 HE 38
9. Importance —.04 .16 .19 .03 11 22% AT ST7EEE — 29%*
10. Number of courses 37 S5 13 45 27% .02 S5 JEEE 23% —

Note.
correlations were significantly different between boys and girls.
*p < .05 #Fp< .0l #xp <001

Correlations computed on girls’ indicators are above the diagonal; correlations computed on boys’ indicators are below the diagonal. Boldface
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Table 3
Correlations Among Youth Science Grades, Activity Participation, Expectancies—Values, and Outcomes
Science indicator 1 2 3 4 5 6 7 8 9 10

1. Grades: 5th grade — 21% 13 —.05 —.20% —.17 18* 13 19% 24%%
2. Grades: 10th grade 24% — .07 .16 —.01 .00 S5k 34k Aok 467
3. Activity participation 17 .09 — 18%* .10 .07 .10 12 13 .06
6th grade

4. Self-concept .08 22% 25%% — 56k .60 24%% 20% 20% .05

5. Interest —.08 13 20975k S6HHE — 71k .09 17 12 —.04

6. Importance —.01 11 367 LS4k 60k — .05 11 .09 .02
10th grade

7. Self-concept .02 AT .09 Ak 3@k 3k — 82k T3 A8

8. Interest —.16 20 21% 35okeksk 34k A0 70 — T 32kokok

9. Importance —.08 Ak 20% 20% 29%% 28 0% 67k — 3Gk
10. Number of courses A5 A2 12 28Rk .16 18 56%HH* AQoRk 32k —
Note. Correlations computed on girls’ indicators are above the diagonal; correlations computed on boys’ indicators are below the diagonal. Boldface

correlations were significantly different between boys and girls.
*p < .05. % p < .01 #Fp < .001.

Girls” math grades and feelings about the importance of math in
10th grade (r = .42) were more strongly associated than boys’
indicators (r = .16). On the other hand, boys’ interest in math
during 6th grade and their participation in math activities (r = .35)
were more strongly associated than girls’ nonsignificant correla-
tion (r = .09). Overall, however, the number of significantly
different associations between boys and girls was quite small.

Eighteen percent of the correlations (i.e., 8 of the 45 correlation
pairs) among the science indicators were significantly different for
boys and girls. Three of the correlations showed that girls” grades
were more strongly associated with their adolescent beliefs and
choices than boys’ grades. Girls’ science grades during 6th grade
were positively associated with their 10th-grade interest and be-
liefs about importance (rs = .13 and .19, respectively). Boys’
respective grades and beliefs were negatively related (rs = —.16
and —.08). In contrast to boys (r = .12), girls’ science grades in
10th grade strongly predicted the number of physical science
courses they took throughout high school (r = .46). Four of the
intercorrelations among youths’ beliefs were typically more
strongly related for boys than girls. Boys’ science self-concept at
10th grade was more strongly associated with their science interest
and feelings about the importance of science at 6th grade than
girls’ indicators. In addition, boys’ science interest at 10th grade
was more strongly related to their feelings about the importance of
science at 6th grade than girls’ correlations. The association be-
tween science interest and self-concept at 10th grade was strong
for both genders, but it was significantly stronger for girls than
boys. The final correlation that was significantly different between
boys and girls was the relation between activity participation and
feelings of importance at 6th grade. Boys’ indicators were posi-
tively and significantly associated, whereas girls” indicators were
positively but not significantly correlated.

How Are Choices and Beliefs Associated Over Time?

AMOS 4.0, a structural equation modeling program, was used to
test relations among children’s activities, beliefs, number of
courses, and grades. Researchers with missing data have two
general options on how to handle missing data in AMOS. They can
either deal with missing data before estimating the models (e.g.,

listwise deletion, imputation) or use full information maximum
likelihood (FIML) in AMOS when estimating the models. As
discussed at the end of the Method section, youth who had data at
three or four waves had lower science self-concepts in 6th grade
and math interest in 6th grade in comparison with youth who were
missing data at two or more waves. These significant differences
suggest that data were not missing completely at random. If the
data had been missing completely at random, listwise deletion
methods would have been appropriate. AMOS assumes the data
are missing at random, which is not as strict of an assumption as
missing completely at random (Arbuckle, 1996; Byrne, 2001).
When the data are missing at random, FIML yields results that are
more accurate than other methods used to handle missing data,
such as pairwise deletion, listwise deletion, or imputation (see
Arbuckle, 1996, for a discussion of FIML). Simulation studies
have shown that even if the data are not missing at random, AMOS
computes reasonable parameter and model estimates. Given the
nature of the missing data, FIML was used to estimate the models.

Six models were originally estimated. Separate models were
estimated for each type of course (i.e., math and physical science
courses) and each belief (i.e., self-concept, interest, and impor-
tance). Separate models were estimated for self-concept, interest,
and beliefs about importance to avoid issues of multicollinearity.
Three models were estimated predicting the number of math
courses. Separate models were estimated for math self-concept,
interest, and beliefs about importance. Three models were esti-
mated for the number of physical science courses. As in the case
of math courses, a separate model was estimated for each belief:
science self-concept, interest, and importance.

Each model included the paths depicted in Figure 1. In addition
to the paths and variables presented in Figure 1, disturbance terms
and indicators of latent variables of youths’ beliefs were also
included in each model. Each disturbance term is a latent variable,
which accounts for variance including error that is not explained
by other indicators in the model. Disturbance terms were estimated
for each of the endogenous variables (i.e., four disturbance terms
per model) and each latent variable of youths’ beliefs (i.e., two
disturbance terms per model). As presented in Figure 1, youths’
self-concept, interest, and beliefs about importance were latent
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variables. The specific manifest variables or indicators for each
latent variable can be found in the Method section.

Model-level gender differences. Multigroup analysis in
AMOS was used to test gender differences in the models (Byrne,
2001). Two models were estimated to examine gender differences
in the overall model. First, a model was estimated in which all
paths were free to vary across the two groups. In the second model,
all of the paths and correlations depicted in Figure 1 plus the paths
from each latent variable to its indicators (i.e., 1 correlation, 18
predictive paths, and 2—8 measurement paths per model) were
restricted to have the same values across the two groups. In these
restricted models, each path and correlation had to have the same
value for boys and girls. Gender differences in the models were
tested by calculating the change in the chi-square between the two
models. The degrees of freedom were calculated by taking the
difference in the degrees of freedom from the two models. If the
change in the chi-square between the two models was significant,
then the models were significantly different between boys and
girls. A nonsignificant chi-square suggests that differences were
not significant between the two models or that the same model fits
both boys and girls. These multigroup analyses were examined
first to test whether separate models needed to be estimated for
boys and girls or whether one model fit both groups.

Most of the models were not significantly different between
boys and girls. The three models predicting the number of math
courses were not significantly different between boys and girls:
math importance: AX2(23, N = 227) = 25.46, ns; math interest,
Ax*(23, N = 227) = 28.71, ns; math self-concept, Ay*(27, N =
227) = 27.22, ns. Two of the three models predicting the number
of physical science courses were similar for boys and girls. Spe-
cifically, the models including science importance, Ax*(22, N =
227) = 26.09, ns, and science interest, AX2(21, N =227) = 11.86,
ns, were not significantly different for boys and girls. The model
with science self-concept predicting the number of physical sci-
ence courses, however, was significantly different by gender,
Ax?(22, N = 227) = 209.64, p < .001. As a result, this model was
estimated and will be discussed separately for boys and girls.

The five models with nonsignificant model-level differences
between boys and girls were estimated on the entire sample. In
addition, gender was added as a control in these five models to
account for mean-level gender differences. The resulting models
included indicators and paths depicted in Figure 1 plus gender
(0 = girls, 1 = boys) as a control variable next to parent education
and income. As a result of adding gender, two correlational paths
among the control variables were added and four additional pre-
dictive paths were included: paths from gender to (a) Sth-grade
course grade, (b) Sth-grade activity participation, (c) 6th-grade
beliefs, and (d) the number of courses. Each of these new models
included three correlations among controls, 22 paths, and the
measurement models of youths’ beliefs. The models shown in
Figures 2 and 3 are trimmed models, in that only the significant
path coefficients are drawn.

Math models. The three models predicting the number of math
courses were a good fit to the data according to several model fit
indices (see Table 4). Although the model chi-squares were sig-
nificant for all models, this statistic provides a high rate of false
negatives when the model actually fits the data well (Hu & Bentler,
1999; Klein, 1998; Schumacker & Lomax, 1996). As a result, the
Tucker—Lewis index, the comparative fit index, the root-mean-

square error of approximation, and the chi-square divided by the
degrees of freedom (i.e., x*/df) were also used to indicate how well
each model fit the data. As noted in Table 4, these indicators all
suggest that our models fit the data well (Hu & Bentler, 1999).

The three models depicted in Figure 2 show the statistically
significant paths in each model. Youths’ participation in math
activities positively predicted their feelings of importance (see
Figure 2a), interest (see Figure 2b), and self-concept of abilities in
math (see Figure 2c), such that higher involvement in activities
was associated with higher beliefs 1 year later. There was also
evidence that math grades in 5th grade were positively associated
with youths’ 5th-grade activity participation. Youths” math grades
were positively associated with their math interest and self-concept
across time and within 10th grade. Math grades and feelings of
importance were only significantly related within 10th grade.
Youths’ math grades were moderately stable from 5th to 10th
grade. The stability of youths’ math beliefs from 6th to 10th grade
was high. The number of math courses taken in high school was
predicted by youths’ math self-concept, interest, course grade, and
parent education. Beliefs about math importance did not signifi-
cantly predict the number of courses. Girls were also more likely
to participate in math out-of-school activities and have lower math
expectancies and values.

Physical science models. Four models were estimated predict-
ing the number of physical science courses: (a) beliefs about
science importance estimated on the entire sample, (b) science
interest for the entire sample, (c) self-concept for boys, and (d)
self-concept for girls. The statistically significant paths from each
model are depicted in Figure 3. Path estimates from the separate
models for boys’ and girls’ self-concept are combined in Figure 3c.
Boys’ and girls’ path estimates are noted next to each other; boys’
estimates are enclosed in parentheses. According to the various fit
indices, the models fit the data well (see Table 4). Children’s
participation in out-of-school science activities in Sth grade was
positively related to their ratings of science importance, interest,
and self-concept 1 year later in 6th grade above the predictive
power of Sth-grade science grades. Children’s science grades were
typically only related to their science beliefs (i.e., interest, impor-
tance, and self-concept) when both were measured at the same
time point (i.e., 10th grade). Even when we controlled for the
effect of science course grades at 10th grade, children’s beliefs at
10th grade predicted the number of physical science courses they
took throughout high school. In other words, youth who felt
science was important, were interested in science, or believed they
were good at science were more likely to take more physical
science courses. Parallel to math, parent education positively pre-
dicted the number of physical science courses.

In earlier results, we found that the model predicting the number
of physical science courses from science self-concepts was signif-
icantly different for boys and girls. Path estimates in Figure 3c
suggest that many of the gender differences are due primarily to
differences in the stability of science self-concepts and relations
including parent education rather than differences in relations
among activity participation, self-concept, and the number of
physical science courses. Boys’ science self-concepts of abilities
evidenced stronger stability than girls’ self-concepts from 6th to
10th grade. In comparison with boys, parent education was a
stronger predictor of girls’ Sth-grade activity participation and
science grades but a weaker predictor of the number of physical
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Figure 2.

Significant predictive paths in the models predicting the number of math courses for beliefs about

math importance (a), interest (b), and self-concept (c). Sth = Sth grade; 6th = 6th grade; 10th = 10th grade.

“p <.10.%p < .05 % p < .01 *F p < .001.

science courses. Parent income also negatively predicted girls’
activity participation, whereas this relationship was not significant
for boys.

Discussion

This investigation elucidated developmental relations between
youths’ choices and beliefs in math and science. Specifically,

participation in out-of-school activities at Sth grade predicted
youths’ subsequent values and self-concepts of abilities. We also
found that youth who believed they were skilled in a particular
domain or had an interest in the domain were more likely to
continue to pursue this endeavor during adolescence than their
peers. In addition, these associations emerged above the predictive
power of children’s achievement, parents’ education, and family
income. This study extends prior research by Eccles and her



MATH AND SCIENCE MOTIVATION

79

3a
- 5™ Science 247 ~ 10™ Science
.28/' Grades > Grades 347
Parent / | ‘ \
Income s
23 A4 47 Number of
Parent " | Physical-Science
Education ’ l Courses
\ .
+  -19 4'
Gender I 5™ Activity > 6" Science — 10™ Science
Participation | -25 Importance 11 Importance
3b
- 5™ Science 25 10" Science
28 / Grades » Grades g™
Parent l
Income " 29™
.23 147
Number of
Parent | oY Physical-Science
Education l Courses
/;7*,.
th - th .
5% Activity 6" Science 10" Science
Participation Interest Interest
3c
267(.33" 5™ Science 23" > 10™ Science
- - B Grades (25%) Grades -
Parent Pl 210257
Income 31(12) | AW
597457
| Number of
. . | Physical-Science
Parex}t . 10(30) / P Courses
Education _'22‘ (06) 9‘ .
N 19(.24
2003\ 24
X4 357740
5% Activity 10™ Science
Participation Self-
Concept

Figure 3. Significant predictive paths in the models predicting the number of physical science courses for
beliefs about science importance (a), interest (b), and self-concept (c). Boys’ paths in Panel c are enclosed in
parentheses. 5Sth = 5th grade; 6th = 6th grade; 10th = 10th grade. * p < .10. * p < .05. ** p < .01. *** p <

.001.

colleagues (Parsons [Eccles] et al., 1984) by examining the recip-
rocal, developmental relations between choices and expectancies—
values from 5th to 12th grade and by including out-of-school
activities and the understudied domain of science.

The strength of relations between youths’ beliefs and high
school courses varied depending on the type of belief tested. In

earlier studies, values were particularly important for girls’ math
course enrollment (Parsons [Eccles] et al., 1984; Updegraff et al.,
1996). In contrast, we found that the number of high school
courses was more strongly related to self-concepts rather than
values. The difference in the relative strength of values versus
ability self-concepts between our findings and previous research
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Table 4

Goodness-of-Fit Indices for the Structural Equation Models

Model XA(N = 227) df X>ldf TLI CFI RMSEA R? in courses
Math courses
Math importance 87.24%%% 47 1.85 98 99 .06 .35
Math interest T5.71%%* 47 1.61 .99 .99 .05 .35
Math self-concept 207.41%** 101 2.05 98 99 .06 43
Physical science courses

Science importance 66.19%** 36 1.83 98 99 .06 .30
Science interest 54.697%%% 26 2.10 98 .99 .07 .34
Science self-concept

Boys’” model 41.99 31 1.35 .99 .99 .05 A7

Girls’ model 38.81 31 1.25 .99 99 .04 32

Note. TLI = Tucker—Lewis index; CFI = comparative fit index; RMSEA = root-mean-square error of

approximation.
k< 001,

may reflect historical changes in what it takes to get into college.
As competition for college admittance has escalated, college ad-
mission boards have placed increasing importance on grade point
averages and advanced course work. These policies may have two
implications on the relations between beliefs and courses for youth
in this study. Because students in this sample are largely college
bound, task value may not play such a large role, as many of the
youth may know that these domains and courses are valuable for
college and future occupations. In contrast, youths’ self-concept
may be critical because of its significant associations with grades.
In essence, children with higher ability self-concepts may take
more courses because of their expectancies to earn high grades in
future courses. Second, studies from the 1970s and 1980s found
that counselors and parents were more likely to let girls drop out
of the advanced math sequence than boys, which may not be the
case today because a substantial number of women are pursuing
college degrees and prestigious occupations.

According to the Eccles expectancy-value model (Parsons
[Eccles] et al., 1984), an important influence on children’s choices
and beliefs is the feedback children receive on their performance.
We expected that receiving positive feedback in math and science
would be linked to higher ability self-concepts, values, and choices
in these domains. Our results suggest that children who earn good
grades in math and science are more likely to participate in
after-school activities and continue with coursework in these areas.
All beliefs were strongly associated with grades within 10th grade,
but importance was not consistently associated with grades across
time. For example, Sth-grade math grades predicted children’s
math interest and self-concept 1 year later. Yet, no such lagged
relations occurred for beliefs about math importance. Self-concept
of abilities and interest, however, are more likely to change in
response to school grades (Eccles, 1994). Our findings concerning
the differential strength of self-concept, interest, and beliefs about
importance confirm this work.

This study also highlights changes in achievement-related
choices across development. We purposefully included two indi-
cators of youths’ choices in math and science, namely, participa-
tion in out-of-school activities in elementary school and the num-
ber of high school courses. One of the ways in which youth can

exert choice in the domains of math and science during elementary
school is the degree to which they engage in math and science
activities outside of school. Yet, as children age into adolescence,
their participation in out-of-school math and science activities
significantly wanes. Their time outside of school is filled with
extracurricular activities, hanging out with peers, homework, and
part-time work (Larson & Verma, 1999). In the majority of high
schools, however, youth are increasingly given the ability to select
their school courses, particularly whether they continue in upper
level math and science courses. This work underscores the need for
researchers to be thoughtful of changes in indicators, such as
choices, across development.

The literature on participation in out-of-school activities has
shown that participation has implications on adolescents’ devel-
opment (e.g., Eccles & Barber, 1999; Eccles & Templeton, 2002;
Holland & Andre, 1987; Mahoney, 2000; Simpkins, Fredricks,
Davis-Kean, & Eccles, in press; Youniss, McLellan, & Yates,
1997). Although individuals participate in organized and informal
activities during middle childhood, most researchers have focused
on adolescence. As a result, researchers know very little about the
consequences of participation in elementary school. According to
Erikson (1982), middle childhood is a critical period in which to
study children’s involvement in various activities, as this is when
development of beliefs is central. Our findings lend support for
Erikson’s theory of the link between children’s activity involve-
ment experiences during middle childhood and their subsequent
beliefs.

Gender Differences

Our findings on gender differences both confirm and extend
previous work. We did not find significant gender differences in
youths’ course grades, the number of courses, or their value of
these domains. Differences did emerge, however, in youths’ math
self-concept of abilities and out-of-school activity participation.
Consistent with previous research, girls had lower math self-
concepts (Andre et al., 1999; Eccles & Harold, 1991; Eccles et al.,
1993; Jacobs, 1991; Jacobs & Eccles, 1992; Jacobs et al., 2002;
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Meece et al., 1990; Parsons [Eccles] et al., 1984; Stipek & Gra-
linski, 1991; Updegraff et al., 1996; Wigfield et al., 1991).

Gender differences in children’s choices were mixed. Our find-
ings suggest that girls are less likely to participate in math activ-
ities than boys. The gender differences in children’s participation
in math activities confirms previous work (Eccles & Harold, 1991;
Simpkins et al., 2005) and parallels research on gender differences
in play styles (e.g., Maccoby, 1998). Girls traditionally engage in
less rough-and-tumble play and spend more time in fantasy games
that revolve around household or school themes than boys. The
math activities included as examples on the questionnaires (e.g.,
doing math puzzles, playing school and doing math problems)
incorporate little physical activity and some build on feminine play
themes. Although we found gender differences in math activities,
we were surprised that gender differences did not emerge in the
number of physical science courses youth took throughout high
school. On the basis of previous findings, we expected that boys
would have taken more physical science courses (Andre et al.,
1999; Farmer et al., 1995). These gender differences may not have
emerged because many of the youth in our sample probably took
multiple science courses to achieve college aspirations.

In addition to mean-level differences in these indicators, we also
tested whether relations among these indicators varied across boys
and girls. Our findings suggest that relations between math beliefs
and choices are similar for boys and girls. Thus, even though boys
have a higher math self-concept and spend less time in math
out-of-school activities than girls, the bivariate and model-level
relations between self-concept and participation in math activities
were similar for both genders.

We did find significant differences in our model using science
self-concepts of abilities to predict the number of science courses.
These models suggest that, in comparison with girls, boys’ science
self-concept was more stable from 6th to 10th grade and that
10th-grade self-concept was a slightly stronger predictor of
courses. Most of the differences in the model, however, occurred
in relations including parent education. Parent education signifi-
cantly predicted girls’ 5th-grade science grades and activity par-
ticipation but not the number of physical science courses they took
throughout high school. The opposite associations emerged for
boys. These relations suggest that parent education has an early
impact on girls’ science choices and performance but a later
impact on boys. This early impact on girls’ indicators is consistent
with research suggesting that parents may have a larger impact on
girls in regard to math than boys (Jacobs, Davis-Kean, Bleeker,
Eccles, & Malanchuk, 2005). The gender differences between
parent education and number of physical science courses may
result from differential expectations. The influence of parent edu-
cation may be small above the impact of girls’ self-concept. In
other words, parents may allow girls more freedom in their course
choices. On the other hand, boys whose parents are more educated
may expect their sons to take physical science courses regardless
of boys’ self-concepts. The differential relations including parent
education emerged in one of the six models, which suggest that
gender-specific processes are possible but may be subtle.

Limitations and Future Directions

Findings from this study are noteworthy in that they (a) incor-
porated developmental relations between choices and beliefs span-

ning 8 years, (b) included children’s activity participation in mid-
dle childhood, (c) dealt with science in addition to math, and (d)
addressed gender differences in mean levels and relations among
indicators. Even though this study extended prior research in
multiple regards, there are some limitations to the findings. Per-
haps the strongest limitation of the study is the demographic
characteristics of the families. The families who participated in this
study were largely two-parent, European American families with
middle-class incomes. As a result, they may have more resources
to devote to children’s participation in organized activities and
creating an enriching home environment than families of other
socioeconomic status (SES) backgrounds. Recent research, for
example, shows that families from lower SES brackets are less
likely to have computers in the home (Zarrett, Malanchuk, Davis-
Kean, & Eccles, in press). As a result, children in lower SES
families are likely to get less exposure to early math and science
skills. In addition, low-income families’ efforts may need to be
devoted to children’s basic needs (e.g., providing food and safety)
rather than supporting or promoting youths’ pursuit of math and
science because of other life circumstances (e.g., working two
jobs, overriding concern about their child’s safety in a high-crime
neighborhood). Little math and science support in the home may
make children less likely to be exposed to early math and science
activities, values, and role models and, as a result, less likely to
pursue math- and science-enriched pathways.

This model and our findings are likely to vary on the basis of
families’ ethnic or racial background. Other beliefs outlined in the
Eccles expectancy-value model (Parsons [Eccles] et al., 1984) are
liable to play a larger role in the choices for youth of color. For
example, research has shown that African Americans’ feelings of
discrimination are critical determinants of whether they pursue
information technology choices in college (Zarrett, Malanchuk, &
Eccles, 2003). At this point, it is unclear the extent to which the
predictive power of discrimination might weaken the influence of
self-concepts and beliefs on choices.

The Eccles model (Parsons [Eccles] et al., 1984) also addresses
racial and ethnic dissimilarities through differential influences
from family and larger cultural belief systems. Ethnic differences
in educational and occupational expectations are likely to influ-
ence the model discussed in this article. Youths’ beliefs may not
have a large influence on choices above parental beliefs in cultures
with strong educational values, such as many Asian cultures, or
cultures in which parents largely make choices for youth. If youth
in particular cultures are expected to enroll in all upper level math
and science courses or use a majority of their out-of-school time
for educational pursuits, children’s beliefs, particularly when they
are young, may make little difference. In fact, findings by Eccles
and Harold (1991) suggested that the relations between beliefs and
activity participation in more voluntary activities, such as sports
and music, may be stronger than those academic activities dis-
cussed in this article. They theorized that the associations were
likely to be stronger in sports because youth were allowed more
freedom to decide whether they want to engage in sports than
math. Cultural differences in the freedom youth have to make
choices concerning their time use, education, and occupations are
likely to change the strength of relations between beliefs and
choices.

This investigation was ambitious in documenting relations be-
tween choices and beliefs from 5th to 12th grade. This study could
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have been even more informative if we had further detailed infor-
mation on some of the measures, such as youths’ activities, and
comparable information on adolescent beliefs and choices in the
biological sciences. In this study, we included an indicator of the
time children spent in activities. However, it would have been
useful if we had information about the surrounding context of the
activity, whether participation was part of an organized activity or
an informal leisure pursuit, and why youth participated in the
activity. Another avenue for future research is to examine similar
models for the biological sciences. This study incorporated data on
adolescents’ beliefs and choices in math and physical sciences. We
were unable to include similar models in the biological domains
during adolescence. More specific details on the measures and
various domains and shorter intervals among measurement points
would provide further information concerning process and change.

Applied Implications

Several applied implications can be derived from these results.
Our model shows that the links between beliefs and choices in
math and science can be traced back to youths’ after-school
activities in Sth grade. Thus, one potential avenue to increase later
choices in math and science coursework is to increase early in-
volvement in math and science activities. Because our activity
measure was global and included both formal and informal activ-
ities, youth may gain similar motivational benefits if they partic-
ipate in math and science activities through an organized after-
school program or through informal activities at home. Also, the
moderate stability of beliefs across time suggests that math and
science beliefs and choices need to be continually promoted across
development. The model of a one-time intervention is not likely to
have lasting effects on most youth.

These findings advocate that building youths’ self-concepts in
these domains is key to promoting course choices for both boys
and girls. Although youths’ grades had an influence on their
choices, the influence of self-concepts, or one’s beliefs about their
abilities in that domain, was even stronger. This finding suggests
that parents and educators should devote time and effort to not just
building children’s knowledge and skills in these areas but also to
developing children’s beliefs. Even though values did not play a
significant role in these models, it is probable that youth with the
highest persistence are those who have high self-concepts and
values. The particular belief or set of beliefs that matter may vary
by ethnic or racial groups. Thus, it would be advantageous if
self-concepts and values were both addressed in future studies.

References

Andre, T., Whigham, M., Hendrickson, A., & Chambers, S. (1999). Com-
petency beliefs, positive affect, and gender stereotypes of elementary
students and their parents about science versus other school subjects.
Journal of Research in Science Teaching, 36, 719-747.

Arbuckle, J. L. (1996). Full information estimation in the presence of
incomplete data. In G. A. Marcoulides & R. E. Schumacker (Eds.),
Advanced structural equation modeling: Issues and techniques (pp.
243-278). Hillsdale, NJ: Erlbaum.

Atwater, M. M., Wiggins, J., & Gardner, C. M. (1995). A study of urban
middle school students with high and low attitudes toward science.
Journal of Research in Science Teaching, 32, 665—677.

Byrne, B. M. (2001). Structural equation modeling with AMOS: Basic
concepts, applications, and programming. Mahwah, NJ: Erlbaum.

Casey, M. B., Nuttall, R. L., & Pezaris, E. (1997). Mediators of gender
differences in mathematics college entrance test scores: A comparison of
spatial skills with internalized beliefs and anxieties. Developmental
Psychology, 33, 669-680.

Cohen, J., & Cohen, P. (1983). Applied multiple regression/correlation
analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: Erlbaum.

Dickhéuser, O., & Stiensmeier-Pelster, J. (2002). Gender differences in
computer work: Evidence for the model of achievement-related choices.
Contemporary Educational Psychology, 27, 486—496.

Eccles, J. S. (1994). Understanding women’s educational and occupational
choices: Applying the Eccles et al. model of achievement-related
choices. Psychology of Women Quarterly, 18, 585-609.

Eccles, J. S., & Barber, B. L. (1999). Student council, volunteering,
basketball, or marching band: What kind of extracurricular involvement
matters? Journal of Adolescent Research, 14, 10—43.

Eccles, J. S., & Harold, R. D. (1991). Gender differences in sport involve-
ment: Applying the Eccles’ expectancy-value model. Journal of Applied
Sport Psychology, 3, 7-35.

Eccles, J. S., Lord, S. E., Roeser, R. W., Barber, B. L., & Jozefowicz, D.
(1997). The association of school transitions in early adolescence with
developmental trajectories through high school. In J. Schulenberg, J.
Maggs, & K. Hurrelmann (Eds.), Health risks and developmental tran-
sitions during adolescence (pp. 283-321). New York: Cambridge Uni-
versity Press.

Eccles, J. S., & Templeton, J. (2002). Extracurricular and other after-school
activities for youth. In W. G. Secada (Ed.), Review of research in
education (Vol. 26, pp. 113-180). Washington, DC: American Educa-
tional Research Association.

Eccles, J. S., Wigfield, A., Harold, R. D., & Blumenfeld, P. (1993).
Ontogeny of children’s self-perceptions and subjective task values
across activity domains during the early elementary school years. Child
Development, 64, 830—847.

Eccles, J. S., Wigfield, A., & Schiefele, U. (1998). Motivation. In N.
Eisenberg (Ed.), Handbook of child psychology (Vol. 3, 5th ed., pp.
1017-1095). New York: Wiley.

Erikson, E. H. (1982). The life cycle completed: A review. New York:
Norton.

Farmer, H. S., Wardrop, J. L., Anderson, M. Z., & Risinger, R. (1995).
Women’s career choices: Focus on science, math, and technology ca-
reers. Journal of Counseling Psychology, 42, 155-170.

Farmer, H. S., Wardrop, J. L., & Rotella, S. C. (1999). Antecedent factors
differentiating women and men in science/nonscience careers. Psychol-
ogy of Women Quarterly, 23, 763-780.

Frome, P. M., & Eccles, J. S. (1998). Parents’ influence on children’s
achievement-related perceptions. Journal of Personality and Social Psy-
chology, 74, 435-452.

Gauvain, M. (1999). Everyday opportunities for the development of plan-
ning skills: Sociocultural and family influences. In A. Goncii (Ed.),
Children’s engagement in the world: Sociocultural perspectives (pp.
173-201). Cambridge, England: Cambridge University Press.

Guberman, S. R. (1999). Supportive environments for cognitive develop-
ment: Illustrations from children’s mathematical activities outside of
school. In A. Goncii (Ed.), Children’s engagement in the world: Socio-
cultural perspectives (pp. 202-227). Cambridge, England: Cambridge
University Press.

Hay, I., Ashman, A. F., & Van Kraayenoord, C. E. (1998). The influence
of gender, academic achievement and non-school factors upon preado-
lescent self-concept. Educational Psychology, 18, 461-470.

Holland, A., & Andre, T. (1987). Participation in extracurricular activities
in secondary school: What is known, what needs to be known? Review
of Educational Research, 57, 437-466.

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance



MATH AND SCIENCE MOTIVATION 83

structure analysis: Conventional criteria versus new alternatives. Struc-
tural Equation Modeling, 6, 1-55.

Jacobs, J. E. (1991). Influence of gender stereotypes on parent and child
mathematics attitudes. Journal of Educational Psychology, 83, 518-527.

Jacobs, J. E., Davis-Kean, P. E., Bleeker, M., Eccles, J. S., & Malanchuk,
0. (2005). “I can do it but I don’t want to.” The impact of parents,
interests, and activities on gender differences in math. In A. Gallagher &
J. Kaufman (Eds.), Gender difference in mathematics (pp. 246-263).
New York: Cambridge University Press.

Jacobs, J. E., & Eccles, J. S. (1992). The impact of mothers’ gender-role
stereotypic beliefs on mothers’ and children’s ability perceptions. Jour-
nal of Personality and Social Psychology, 63, 932-944.

Jacobs, J. E., Finken, L. L., Griffin, N. L., & Wright, J. D. (1998). The
career plans of science-talented rural adolescent girls. American Educa-
tional Research Journal, 35, 681-704.

Jacobs, J. E., Lanza, S., Osgood, D. W., Eccles, J. S., & Wigfield, A.
(2002). Changes in children’s self-competence and values: Gender and
domain differences across grades one through twelve. Child Develop-
ment, 73, 509-527.

Joyce, B. A., & Farenga, S. J. (2000). Young girls in science: Academic
ability, perceptions and future participation in science. Roeper Review,
22, 261-262.

Klein, R. B. (1998). Principles and practice of structural equation mod-
eling. New York: Guilford Press.

Larson, R. W., & Verma, S. (1999). How children and adolescents spend
time across the world: Work, play, and developmental opportunities.
Psychological Bulletin, 125, 701-736.

Maccoby, E. E. (1998). The two sexes: Growing up apart, coming together.
Cambridge, MA: Harvard University Press.

Mahoney, J. L. (2000). School extracurricular activity participation as a
moderator in the development of antisocial patterns. Child Development,
71, 502-516.

Meece, J. L., Wigfield, A., & Eccles, J. S. (1990). Predictors of math
anxiety and its influence on young adolescents’ course enrollment in-
tentions and performance in mathematics. Journal of Educational Psy-
chology, 82, 60-70.

Panteli, N., Stack, J., & Ramsay, H. (2001). Gendered patterns in comput-
ing work in the late 1990s. New Technology, Work and Employment, 16,
3-11.

Paris, S. G., Yambor, K. M., & Packard, B. W. L. (1998). Hands-on
biology: A museum-school-university partnership for enhancing stu-
dents’ interest and learning in science. The Elementary School Journal,
98, 267-288.

Parsons [Eccles], J. S., Adler, T. F., Futterman, R., Goff, S. B., Kaczala,
C. M., Meece, J. L., & Midgley, C. (1985). Self-perceptions, task
perceptions, socializing influences, and the decisions to enroll in math-
ematics. In S. F. Chipman, L. R. Brush, & D M. Wilson (Eds.), Women
and mathematics: Balancing the equation (pp. 95-121). Hillsdale, NJ:
Erlbaum.

Parsons [Eccles], J. S., Adler, T., & Meece, J. L. (1984). Sex differences
in achievement: A test of alternate theories. Journal of Personality and
Social Psychology, 46, 26—43.

Schumacker, R. E., & Lomax, R. G. (1996). A beginner’s guide to struc-
tural equation modeling. Mahwah, NJ: Erlbaum.

Shumow, L., & Lomax, R. (2002). Parental efficacy: Predictor of parenting
behavior and adolescent outcomes. Parenting: Science and Practice, 2,
127-150.

Simpkins, S. D., Davis-Kean, P. E., & Eccles, J. S. (2005). Parental
socialization and children’s engagement in information technology ac-
tivities. Applied Developmental Science, 9, 14-30.

Simpkins, S. D., Fredricks, J., Davis-Kean, P. E., & Eccles, J. S. (in press).
Healthy minds, healthy habits: The influence of activity involvement in
middle childhood. In A. Huston & M. Ripke (Eds.), Middle childhood:
Contexts of development. New York: Cambridge University Press.

SPSS. (n.d.). AMOS (Version 4.0) [Computer software]. Chicago: Author.

Stipek, D. J., & Gralinski, J. H. (1991). Gender differences in children’s
achievement-related beliefs and emotional responses to success and
failure in mathematics. Journal of Educational Psychology, 83, 361—
371.

Updegraff, K. A., Eccles, J. S., Barber, B. L., & O’Brien, K. M. (1996).
Course enrollment as self-regulatory behavior: Who takes optional high
school math courses? Learning and Individual Differences, 8, 239-259.

Wigfield, A., Eccles, J. S., Mac Iver, D., Reuman, D. A., & Midgley, C.
(1991). Transitions during early adolescence: Changes in children’s
domain-specific self-perceptions and general self-esteem across the tran-
sition to junior high school. Developmental Psychology, 27, 552-565.

Wigfield, A., Eccles, J. S., Yoon, K. S., Harold, R. D., Arbreton, A.,
Freedman-Doan, C., et al. (1997). Changes in children’s competence
beliefs and subjective task values across the elementary school years: A
three-year study. Journal of Educational Psychology, 89, 451-469.

Youniss, J., McLellan, J. A., & Yates, M. (1997). What we know about
engendering civic activity. American Behavioral Scientist, 40, 620—-631.

Zarrett, N., Malanchuk, O., Davis-Kean, P. E., & Eccles, J. S. (in press).
Examining the gender gap in IT by race: Young adults’ decisions to
pursue an IT career. In W. Aspray & J. McGrath Cohoon (Eds.), Women
and information technology: Research on the reasons for under-
representation. Cambridge, MA: MIT Press.

Zarrett, N., Malanchuk, O., & Eccles, J. S. (2003, March). Who’s com-
puting? Gender and race differences in young adults’ decisions to pursue
an IT career. In S. D. Simpkins (Chair), Math and science courses,
grades, and career goals: Longitudinal perspectives on the influence of
gender and beliefs. Symposium conducted at the biennial meeting of the
Society for Research on Adolescence, Baltimore.

Received April 22, 2004
Revision received October 18, 2004
Accepted January 28, 2005 ®





