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Drawing on the situated expectancy-value, dimensional comparison theories, and the intersectionality
approach, this article examined the changes in adolescents’ math and science motivational beliefs, the paren-
tal and college correlates of those beliefs, and the differences at the intersection of gender and college gen-
eration status (i.e., female and male first- and continuing-generation college students). Findings based on the
nationally representative high-school longitudinal study data (N = 12,070; M, = 14 years; 54% female stu-
dents; 28% first-generation college students; and 14% Latinx, 9% Black, 10% Asian, and 57% White) sug-
gest that although adolescents’ math and science ability self-concepts declined during high school, their
science interest remained stable, and their math and science utility values increased. Adolescents’ motiva-
tional beliefs in ninth grade and the changes from ninth to 11th grade positively predicted whether they
declared a science, technology, engineering, and mathematics (STEM) college major. Parents’ ninth-
grade STEM support was more consistently associated with adolescents’ concurrent beliefs compared to
the changes in their beliefs. Finally, we found that female first-generation college students, who were
more likely to be Latinx and Black students, tended to have lower math and science motivational beliefs,
received less parental STEM support, and were less likely to choose a STEM major than their peers. The
findings of this study indicate adolescents’ math and science motivational development in high school mat-
ters for their college majors and that certain understudied groups, including female first-generation college
students, may experience acute marginalization in STEM and warrant further attention.

Public Significance Statement

This article examined the changes in adolescents’ math and science motivational beliefs and their cor-
relation with parental support and subsequent science, technology, engineering, and mathematics
(STEM) major choices. Our findings have direct implications for policy, practice, and interventions
that seek to increase the long-term pursuit of careers in STEM to focus on boosting the development
of adolescents’ math and science motivational beliefs during high school as well as parental STEM sup-
port. This article draws attention to a marginalized but understudied group in STEM, namely female
first-generation college students.
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Approximately one third of U.S. undergraduate students, which is
nearly five million individuals, identify as first-generation college
students (i.e., students whose parents do not hold a college degree;

RTI International, 2021). Though it is encouraging that first-
generation college students comprise a substantial and growing por-
tion of the undergraduate population, disparities persist in certain
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majors, including science, technology, engineering, and mathemat-
ics (STEM), where first-generation college students are less likely to
choose a STEM major or earn a STEM degree compared to their
continuing-generation counterparts (Bettencourt et al., 2020; Jiang
et al., 2020). College generation status, which is based on parent
educational attainment, is a key indicator of students’ access to
resources and privilege; it consistently predicts educational dispari-
ties spanning cognitive abilities in early childhood to educational
attainment in adulthood (Cataldi et al., 2018; Engle & Tinto,
2008). Though numerous college initiatives focus on first-generation
college students to foster diversity, equity, and inclusion, the empir-
ical research identifying what promotes first-generation students’
pursuit of STEM is limited (Bettencourt et al., 2020). Based on
the intersectionality approach (Crenshaw, 1989) and situated
expectancy-value theory (Eccles, 2009), examining the intersection
between college generation status and gender might help provide
further insight given women’s historic marginalization in STEM
(Hyde, 2014). Examining the intersection between college genera-
tion status and gender also provides insights into groups that experi-
ence acute marginalization but have been largely invisible in the
current literature, such as female first-generation college students.
Charting these processes for these groups is critical to creating a
more equitable and inclusive education system, promoting economic
mobility, and increasing diversity in the STEM workforce, which
will help ensure that STEM innovations benefit all in our diverse
society (Cataldi et al., 2018; National Science Board, 2020).

The goal of this article was to investigate the high school predic-
tors of students’ STEM college majors for female and male first- and
continuing-generation college students. We argue that the disparities
prevalent at the college level have origins that can be traced back to
high school. Motivation scholars have theorized that individuals’
STEM choices are determined by their motivational beliefs across
multiple domains and contextual influences (Eccles & Wigfield,
2020; Moller & Marsh, 2013). Thus, we examined the changes in
adolescents’ math and science motivational beliefs as well as paren-
tal STEM support during the first year of high school to test the
developmental and contextual influences on students’ STEM college
major choices. Though math and science are expected to influence
each other and codetermine students’ STEM choices based on
dimensional comparison theory, little research has examined such
processes (Moller & Marsh, 2013). Moreover, though parents are
sources of support and resilience for students, particularly for mar-
ginalized students, little research examines parental STEM support
for first-generation college students (Starr et al., 2022). Findings
from this study will test central theoretical tenets and help practition-
ers enhance students’ STEM outcomes, especially for understudied
and underrepresented groups.

The Development of Adolescents’ Math and Science
Motivational Beliefs

Situated expectancy-value theory posits that individuals’ motiva-
tional beliefs are the most proximal influences on their achievement,
persistence, and choices (Eccles, 2009; Eccles & Wigfield, 2020).
The two distinct motivational beliefs central to this theory are ability
self-concepts and subjective task values. Ability self-concepts are
defined as individuals’ beliefs about their ability to succeed in a spe-
cific domain. Subjective task values include (a) the enjoyment one
expects to gain from engaging in that domain, which is known as

intrinsic value, and (b) the importance of the domain to one’s future
plans, which is known as utility value. Individuals are most likely to
pursue a domain if they believe they are good at it and value it (Watt,
2006). Existing empirical work supports the theoretical links
between adolescents’ motivational beliefs and their later choices in
math (Guo et al., 2015; Simpkins et al., 2012; Wang et al., 2015;
Watt, 2006) and in science (Andersen & Ward, 2014; Guo et al.,
2018; Jiang et al., 2020). Though the literature on this topic is exten-
sive, it typically focuses on students’ beliefs in one domain at one
point in time despite that a core tenet of multiple motivation theories
argues that the changes in adolescents’ motivational beliefs across
multiple domains matter for their later STEM choices (Eccles &
Wigfield, 2020; Moller & Marsh, 2013).

Situated expectancy-value theory argues that adolescents’ moti-
vational beliefs change over time due to developmental processes
(e.g., cognitive maturation) and contextual influences (e.g., family
and school influences; Eccles, 2009). Historically, research has
shown that adolescents’ motivational beliefs in a variety of domains,
including math and science, typically decline during adolescence
(e.g., Hsieh et al., 2019; Jacobs et al., 2002; Petersen & Hyde,
2017; Wang & Degol, 2017). However, some recent studies suggest
there may be more diversity in how adolescents’ motivational beliefs
change during high school with some findings suggesting that ado-
lescents’ science identity beliefs increase and their math and science
intrinsic values remain stable (Hsieh et al., 2019; Puente et al.,
2021). More work is needed to reconcile these discrepant findings
and examine the potential implications of these diverse changes
for their subsequent choices.

Research suggests that these changes in individuals’ math motiva-
tional beliefs are as important as the level of individuals’ math motiva-
tional beliefs at any one point in time (Gottfried et al., 2013; Guo et al.,
2018; Musu-Gillette et al., 2015). For instance, Musu-Gillette et al.
(2015) found that adolescents who possessed consistently high math
motivational beliefs and those whose motivational beliefs decreased
gradually were more likely to pursue a STEM-related college major
or career compared to those who experienced a rapid decline in their
math motivational beliefs. However, these relations were only tested
in math; parallel relations in science have not been tested to our knowl-
edge. Examining the consequences of both the initial levels and
changes in adolescents’ math and science motivational beliefs has
implications for the timing and length of intervention efforts.

Situated expectancy-value theory and dimensional comparison
theory argue that individuals’ beliefs in different domains are inter-
connected and codetermine their performance and choices (Eccles &
Wigfield, 2020; Moller & Marsh, 2013). Dimensional comparison
theory posits that school domains are ordered on a continuum,
with math and English at two opposite ends. Accordingly, math
and English, which have the highest contrast, should negatively
influence each other, which has been found in the literature (e.g.,
Marsh et al., 2015). The theory also suggests that complementary
domains, such as math and science, should have small negative or
even positive bidirectional effects. Others have argued that the rela-
tions between math and science may be more unidirectional with
math serving as a gatekeeper to advanced math and science courses
in high school (Douglas & Attewell, 2017; Watt et al., 2017).

Emerging studies suggest that adolescents’ math and science
motivational beliefs both positively predict their STEM college
majors (Jiang et al., 2020; Snodgrass Rangel et al., 2020); however,
math and science motivational beliefs were related to STEM
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outcomes in different ways. Two recent studies using the same data
as the current study both provide evidence that high school students’
math and science motivational beliefs matter for their high school
STEM coursework and grades (Jiang et al., 2020; Snodgrass
Rangel et al., 2020). In addition, adolescents’ math motivational
beliefs were more consistently associated with their high school
STEM achievement whereas their science motivational beliefs
were more related to their choices (Jiang et al., 2020; Snodgrass
Rangel et al., 2020). Though these findings concerning adolescents’
motivational beliefs are helpful, Jiang et al. (2020) focused on
students’ beliefs in ninth grade whereas Snodgrass Rangel et al.
(2020) focused on students’ beliefs in 11th grade. Neither study
considered the changes in adolescents’ motivational beliefs nor
the implications of those changes despite that adolescents ex-
perience substantial changes in high school (Guo et al., 2018;
Musu-Gillette et al., 2015). This article extends prior work by
examining the changes in math and science motivational beliefs,
the relations between math and science beliefs longitudinally, and
the distinct predictive power of math and science motivational
beliefs on students” STEM college majors.

Parent STEM Support and Adolescents’ Math and
Science Motivational Beliefs

Theories and prior literature have demonstrated that parents sup-
port their children’s academic motivation, achievement, and choices
throughout their education (Hill & Tyson, 2009; Wigfield et al.,
2015). The parent socialization model of the situated expectancy-
value theory states that parents continuously cultivate children’s
motivational beliefs in specific domains through a variety of strate-
gies, including encouragement, coactivity, and provision of opportu-
nities (Eccles & Wigfield, 2020). Parents’ STEM support can trigger
students’ STEM interests and competencies by providing a context
for encouragement, discussion, scaffolding, and role modeling
(Gottfried et al., 2016; Héfner et al., 2018). Relatedly, scholars
have also created broader conceptualizations of family STEM sup-
port by considering science capital, which includes science-related
cultural capital (e.g., scientific literacy), science-related behaviors
and practices (e.g., out-of-school science experiences), and science-
related social capital (e.g., parents’ science qualifications, knowing
people in science; Archer et al., 2015). In support of these theories,
research suggests that parents’ math- and science-specific support is
positively related to students’ math and science motivational beliefs
(e.g., Simpkins et al., 2018; Simpkins, Fredricks, et al., 2015).

To date, however, few studies have investigated if parents’ STEM
support can mitigate the typical decreases in adolescents’ math and
science motivational beliefs during high school (Gottfried et al.,
2009; Hsieh et al., 2019). Although parents provide support contin-
uously throughout children’s development, scholars have argued
that parents’ support during transition years, like the beginning of
high school, might help put adolescents on positive pathways as it
predicts adolescents’ college enrollment (Degol et al., 2017).
Therefore, we examined whether ninth-grade parental STEM sup-
port could establish a solid foundation for success in the rest of ado-
lescents’ high school journey in STEM. Moreover, little research has
explored the relations between parents’ STEM support and students’
math and science motivation for specific subgroups of the popula-
tion, including those that experience marginalization at school
(e.g., female first-generation college students). However, theory

and literature suggest that it is crucial to investigate these relations
within specific groups to better motivate them and address the
unique challenges they face (Starr et al., 2022).

The Intersection of Gender and College Generation
Status

An intersectionality approach recognizes that individuals’ lives
are shaped by the power and privilege (or disadvantage) associated
with the multiple social categories individuals identify with, includ-
ing gender, race/ethnicity, social class, disability, and sexuality
(Crenshaw, 1989; Cole, 2009; Else-Quest & Hyde, 2016). Not
only is it important to study the differences and similarities between
(and within) groups defined by multiple social categories to more
accurately describe individuals’ development, but it also helps
push our field forward by focusing on groups who have been system-
atically marginalized from psychological research (Cole, 2009).
Prior studies on STEM education have documented the differences
in students’ math and science motivational beliefs based on gender,
race/ethnicity, and the intersection of race/ethnicity with gender and
found that minority students are at a disadvantage in STEM (Else-
Quest et al., 2013; Hsieh et al., 2021; Simpkins, Price, et al.,
2015). Drawing on the intersectionality approach (Cole, 2009;
Else-Quest & Hyde, 2016), this article examines the inequalities in
adolescents’ STEM motivation and choice at the intersection of gen-
der and college generation status.

College generation status (which is based on whether parents
obtained a college degree) has been shown to influence adolescents’
postsecondary educational outcomes, including enrollment, gradua-
tion rates, and major selection (Bui, 2002; Cataldi et al., 2018).
Existing research suggests first-generation college students are
more likely to identify as Latinx and Black and come from low-
income families (Lohfink & Paulsen, 2005), have lower math and
science motivational beliefs (Jiang et al., 2020; Snodgrass Rangel
et al., 2020), are less likely to declare a STEM college major
(Chen & Carroll, 2005), and tend to experience more obstacles on
the way to pursue STEM college degrees compared to their
continuing-generation counterparts (Gibbons & Borders, 2010;
Harackiewicz et al., 2016). Scholars have argued that one challenge
first-generation college students in STEM often face is parents’ more
limited cultural capital, such as limited parental emotional and infor-
mational support, role models, and understanding of college culture
(Bourdieu, 1986; Sy et al., 2011), and science capital, such as lim-
ited science-related literacy and participation in informal science
learning contexts (i.e., museums, school science fair, etc.; Archer
et al., 2015; Moote et al., 2021).

According to expectancy-value theory, gender can shape adoles-
cents’ motivational development through gender-role socialization,
the internalization of gender-role stereotypes, and processes related
to gender identity development (Simpkins, Fredricks et al., 2015;
Wigfield et al., 2015). Prior literature suggests that female adoles-
cents are at a disadvantage in STEM, as these subjects are tradition-
ally perceived as more appropriate for men. As a result, female
adolescents tend to have lower math and science ability self-
concepts and values (Else-Quest et al., 2013; Master et al., 2021;
Nagy et al., 2010; Rubach et al., 2022; for an exception, see
Jacobs et al., 2002) and are less likely to choose STEM majors or
aspire toward STEM careers than male adolescents (Jiang et al.,
2020; Wang et al., 2015) despite the fact that female adolescents
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tend to have similar or higher achievement in STEM (Hyde, 2014).
However, scholars using the intersectionality approach have pointed
out that gender disparities should be examined in relation to other
social categories because each gender includes a diverse group of
individuals with varied experiences (Cole, 2009; Hyde, 2014). For
instance, it is unclear if being a male first-generation college student
might lessen the privileged position male students hold in math and
science, or if there are differences or similarities among individuals
who experience privilege due to one social category but marginal-
ization due to another social category (e.g., female continuing-
generation college students vs. male first-generation college stu-
dents). Describing such nuances is necessary to effectively support
diverse female and male students in STEM.

Because gender and college generation status are theorized to
work through distinct mechanisms (e.g., gender stereotypes vs.
resources, respectively), we expected their effects in terms of oppres-
sion or privilege would be additive (Cole, 2009; Crenshaw, 1989).
Female first-generation college students might experience the disad-
vantages of both social categories in STEM facing both gender ste-
reotypes and lack of family resources in STEM. Understanding the
unique experiences and challenges faced by individuals who belong
to multiple marginalized groups can help inform policies and inter-
ventions aimed at reducing these disparities. Few existing studies
examine the differences in math and science motivation at the inter-
section of gender and college generation status. One study, for exam-
ple, found that parents of female first-generation college students
provided less informational and emotional support than parents of
female continuing-generation college students (Sy et al., 2011). In
another study, Harackiewicz et al. (2016) found that their utility
value interventions were particularly impactful for first-generation
minority students. Though scholars have argued that individual
strengths (e.g., motivational beliefs) and support may be more
instrumental for adolescents marginalized in STEM given the num-
ber of challenges they face (Stephens et al.,, 2012; Wilson &
Kittleson, 2013), this hypothesis has largely gone untested. Our
research helps fill this gap by examining STEM motivation and
choices of students at the intersection of gender and college genera-
tion status and sheds light on practical suggestions for future inter-
ventions that target the disadvantaged group, such as female
first-generation college students.

The Current Study

Drawing on the situated expectancy-value theory (Eccles &
Wigfield, 2020), dimensional comparison theory (Moller &
Marsh, 2013), and the intersectionality approach (Crenshaw, 1989),
this article examined (a) the changes in adolescents’ math and sci-
ence motivational beliefs from ninth to 11th grade, and (b) their
associations with STEM college major and parents’ STEM support.
Based on prior literature (Wigfield et al., 2015), we expected that
although adolescents’ math and science ability self-concepts and
utility values might decline from ninth to 11th grade, their math
and science intrinsic values could remain stable (Hsieh et al.,
2019). We expected that the changes in adolescents’ motivational
beliefs in math and science would be positively related, such as
that having higher math motivational beliefs in ninth grade would
be related to higher science motivational beliefs in ninth grade and
smaller declines over time in their science motivational beliefs.
We hypothesized that adolescents whose parents provided more

STEM support would have higher math and science motivational
beliefs in ninth grade and have smaller declines or remain stable
in their math and science motivational beliefs from ninth to 11th
grade. We also expected that adolescents who had higher math or
science motivational beliefs in ninth grade and smaller declines or
stable in their math and science motivational beliefs from ninth to
11th grade were more likely to choose a STEM major.

Another central focus of this article was examining (a) the
mean-level differences in adolescents’ math and science motiva-
tional beliefs, parents’ STEM support, and college major choices;
and (b) the process-level differences in the relations among these
constructs at the intersection of gender and college generation sta-
tus (Crenshaw, 1989). According to scholars (Crenshaw, 1989;
Eccles & Wigfield, 2020), we hypothesized that male continuing-
generation college students would have the highest parent STEM
support, math and science motivational beliefs, and percentage of
people who declared a STEM college major, whereas female first-
generation college students would be the lowest on all of these
indicators. Male first-generation college students and female
continuing-generation college students were hypothesized to be
in the middle. Due to the lack of literature on college generation
status and the mixed results of gender differences at the process
level, we do not have a specific hypothesis for process-level dif-
ferences. Instead, we explored whether the relations would be dif-
ferent for these four groups.

Method
Participants

Data were drawn from the high-school longitudinal study (HSLS)
of 2009. HSLS is a longitudinal study from the U.S. National Center
for Education Statistics (NCES) that was designed to study adoles-
cents’ STEM education (Ingels et al., 2011). HSLS recruited a
nationally representative sample of ninth graders across the United
States from a random sample of 940 schools from 10 states.
Adolescents were randomly selected from the sampled schools
within strata defined by race/ethnicity in the second stage.
Approximately 28 adolescents within each school were selected,
and a total of 25,210 adolescents participated in the base-year study.

The analytic sample included 12,070" adolescents (14% Latinx,
9% Black, 10% Asian, 57% White, and 10% other race/ethnicity)
who were enrolled or had ever enrolled in college by February
2016. In ninth grade, adolescents in the analytic sample were on
average 14.39 years old, 54% were female adolescents, 28% were
first-generation college students, and were from families with
median incomes between $55,000 and $75,000. The analytic sample
included adolescents in each of the four groups defined by gender
and college generation status: 16% were female first-generation
college students (n = 1,590), 12% were male first-generation college
students (n = 1,220), 38% were female continuing-generation col-
lege students (n = 3,850), and 34% were male continuing-generation
college students (n = 3,450).

We compared the analytic and excluded samples. We excluded
those who did not enroll in college as of February 2016 (n=
13,140) because this study focused on college-going adolescents

! All the sample sizes mentioned in this article were rounded to the nearest
10 according to the IES restricted-use data guidelines.
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and whether they declared a STEM college major. The analytic sam-
ple had higher math and science motivational beliefs in ninth and 11th
grade though the effect sizes were small (d =0.01-0.27), higher
ninth-grade math achievement (d = 0.67), higher parent education
levels (d=0.57), and higher family incomes (d = 0.45) than the
excluded sample (see all comparisons in Table S1 in the online sup-
plemental materials).

Measures

Adolescents in ninth and 11th grade (in 2009 and 2011, respec-
tively) reported their math and science motivational beliefs.
Parents” STEM support was collected through parent surveys in
ninth grade. College enrollment information was gathered in 2016,
which was 3 years after high school. A complete list of items used
for math and science motivational beliefs, the STEM college
major, and control variables is provided in Table S2 in the online
supplemental materials. A correlation table that provides the correla-
tions among all variables used in this study is provided in Table S3 in
the online supplemental materials. The data used in this study were
approved under Institutional Review Board protocol at the
University of California, Irvine, under the project title: Family
Support of Math and Science: Examining an Untapped Source of
Resilience for Diverse High School Students and Institutional
Review Board Protocol: HS:2018-4349.

Adolescents’ Math and Science Motivational Beliefs

Adolescents reported their motivational beliefs (i.e., ability self-
concept, intrinsic value, and utility value) concerning their math and
science classes using the same items in ninth and 11th grade. All
scales had strong reliability and validity (Fong et al., 2021; Jiang
et al., 2020). Measurement invariance was tested and confirmed the
scales evidenced configural, weak, and strong measurement invariance
(Grimm et al., 2016) across time (i.e., ninth and 11th grade) and across
the four groups defined by gender and college generation status (see
Tables S4 and S5 in the online supplemental materials).

Ability Self-Concept. The items align with the situated
expectancy-value theory’s definition that adolescents’ ability self-
concepts are the extent to which adolescents feel competent in their
ability to succeed in a specific domain (Eccles & Wigfield, 2020).
Four adolescent-report items were used to measure adolescents’ abil-
ity self-concepts in each domain (a0 = .90, .89 for math and .88, .92 for
science in ninth and 11th grades, respectively; 1 = strongly disagree,
4 = strongly agree; e.g., “You are certain that you can master the skills
being taught in this [math/science] course”).

Intrinsic Value. Situated expectancy-value theory conceptual-
izes intrinsic value as the enjoyment one garners from doing tasks
(Eccles & Wigfield, 2020). Three items were reported by adolescents
on their intrinsic values in math and science (o = .78, .80 for math
and .81, .83 for science in ninth and 11th grades, respectively;
1 = strongly disagree, 4 = strongly agree; e.g., “You are enjoying
this class very much”).

Utility Value. Adolescents’ math and science utility values are
the importance of math and science for their future plans (Eccles &
Wigfield, 2020). Adolescents reported their utility values in math
and science using three items in each domain (a=.77, .81 for
math and .74, .82 for science in ninth and 11th grade, respectively;
1 = strongly disagree, 4 = strongly agree; e.g., “will be useful for a
future career”).

Parent STEM Support

Aligned with situated expectancy-value theory (Eccles &
Wigfield, 2020), the items measuring parents’ STEM support in
ninth grade included coactivities and encouragement. Parents’
STEM support was captured by the sum of the six parent-reported
dichotomous items on their behaviors in supporting their adolescent
in STEM (1 = yes, 0 = no; e.g., “helped [your ninth-grader] with a
school science fair project”). Prior studies have used similar items to
construct parents’ STEM support composite scores when studying
parental processes in STEM (Simpkins et al, 2005; Simpkins,
Fredricks, et al., 2015).

Adolescents’ College STEM Majors

Adolescents reported their majors or fields of study for their
4-year undergraduate degrees, 2-year associate degrees, or certifi-
cates they were actively working on or had completed by February
2016, which was 3 years after high school. Students’ college majors
were coded using the U.S. Department of Education’s Classification
of Instructional Programs, 2010 edition (CIP 2010), and then were
categorized as a STEM or non-STEM field (Ingels et al., 2011).
STEM major choice was a dichotomous variable of whether stu-
dents’ first or second major field was a STEM field, including majors
such as biological and biomedical sciences, agriculture and related
science, computer and information sciences, engineering, math
and statistics, and economics as defined by NCES (for a full list of
STEM majors, see Table S2 in the online supplemental materials).

The Intersection of Gender and College Generation Status

Adolescents’ first-generation college status was a parent-reported
dichotomous variable indicating that none of their parents had
earned an associate’s degree, bachelor’s degree, or higher
(Préspero & Vohra-Gupta, 2007; 1 = first-generation college stu-
dent, 0= continuing-generation college student). Adolescents
reported their gender in ninth grade (1 = female student, 0 = male
student). Four groups were created based on the intersection of gen-
der and college generation status: female first-generation college stu-
dents, male first-generation college students, female continuing-
generation college students, and male continuing-generation college
students. Gender and parents’ highest education were included as
covariates for the main models and were taken out for multigroup
models at the intersection of gender and college generation status.
Parents’ highest education was reported by parents, which was the
highest level of education achieved by either parent living in partic-
ipants” home (1 = less than high school, 7 = PhD/MD/Law/other
high-level professional degrees).

Covariates

Family income, adolescents’ race/ethnicity, adolescents’ ninth-
grade math achievement, and parents’ academic support were incor-
porated as covariates in the main models given their relations with
the focal indicators (Else-Quest et al., 2013; Simpkins, Fredricks,
et al., 2015). Family income in 2008 was reported by parents (1 =
less than or equal to $15,000, 13 = greater than $235,000). Race/
ethnicity variables were reported by adolescents and dummy-coded
as Hispanic or Latinx, White (not of Hispanic origin), Black or
African American (not of Hispanic origin), Asian (not of Hispanic
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origin), or other ethnic groups. Adolescents’ ninth-grade math
achievement is a standardized norm-referenced measurement of
achievement that captured an estimate of adolescents’ achievement
relative to the population with a mean of 50 and a SD of 10
(Ingels et al., 2011). Parents’ academic support was captured by
the sum of the six dichotomous items reported by parents in ninth
grade (1 =yes, 0 =no; e.g., “attended a general school meeting
such as an open house or a back-to-school night”).

Plan of Analysis

This article examined (a) adolescents’ math and science motiva-
tional beliefs at the beginning of high school, (b) within-domain
math and science motivational beliefs changes during high school,
(c) cross-domain relations between math and science motivational
beliefs, (d) parental STEM support, and (e) their STEM college
majors (see the conceptual model in Figure 1). To simultaneously
test these aims, we estimated bivariate latent change score (LCS)
models (McArdle, 2009) in Mplus v8.0 (Muthén & Muthén, 2012)
separately for each of the three motivational beliefs (i.e., ability self-
concept, intrinsic value, and utility value) to avoid multicollinearity
issues. Thus, a total of three LCS models were estimated for each
type of motivational beliefs. Each model captured the changes in
one type of adolescents’ math and science motivational beliefs from
ninth to 11th grade. Adolescents’ motivational beliefs were specified
as latent variables using the items described in the Measures section.
Models were weighted (W4W1STU) to account for the nonresponse
rate in the sampling process to correct for the unequal probabilities of
selection as required by Institute of Education Sciences. Strata and pri-
mary sampling unit (i.e., schools) variables were used to correct the
SEs based on the stratified design of the data. Models were estimated
using the robust maximum likelihood (MLR) estimator, which

Figure 1

provides a robust estimation for nonnormally distributed data, such
as our dichotomous STEM college major indicator when having a
complex sample design. The significant level was set at p <.01 to
take into account the large sample size, the number of tests, and to
avoid Type I errors.

LCS models estimate change and time-sequential associations
as time-dependent, meaning that the change of a construct from
Time 1 to Time 2 depends on individuals’ levels at Time 1
(Grimm et al., 2012). Compared to other time-sequence analyses
(e.g., latent growth curve models, cross-lag models, and control-
ling for prior level of adjustment), LCS models emphasize the
within-person change over time and allow for estimation of the
dynamic associations with as few as two time points, which is
the case for adolescents’ motivational beliefs in the HSLS data
set; other models (e.g., latent growth curves) require three and
more time points.

We estimated bivariate LCS models to capture the relations
between adolescents’ math and science motivational beliefs from
ninth to 11th grade (Grimm et al., 2016). In each bivariate LCS
model, we estimated the mean change (A) in adolescents’ motiva-
tional beliefs from ninth to 11th grade (e.g., see Amath motivational
beliefs in Figure 1). We also estimated the extent to which adoles-
cents’ motivational beliefs in the same domain in ninth grade were
related to their changes over time (see paths a and f in Figure 1;
Grimm et al., 2012). The stability path (autoregression between
latent scores) and the path from the latent score at 11th grade to
the LCS were fixed at 1 to meet model identification requirements
(McArdle & Grimm, 2010). Based on the literature, we hypothe-
sized that adolescents’ math and science ability self-concepts and
utility values might decline from ninth to 11th grade and their
math and science intrinsic values could remain stable (Gottfried
et al., 2009; Guo et al., 2018; Hsieh et al., 2019). In addition to

The Concept Map of the Multivariate Latent Change Score Model Between Math and Science

Motivational Beliefs

9t grade
Parent Support

9t grade

Math
Motivational
Belief

STEM
Support
Science
Motivational
Belief
Note.

College

AScience
Motivational
Belief

-7 Science -
Motivational )
~~__ Belief __-

Model controlled for gender, parents’ highest education, family income, adolescents’ race/ethnicity,

adolescents’ ninth-grade math achievement, and parents’ academic support. STEM = science, technology,
engineering, and mathematics. Source: U.S. Department of Education, National Center for Education
Statistics, High School Longitudinal Study of 2009 (HSLS:09).
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the paths that capture the change within each domain, our bivariate
LCS models included relations between math and science.
Specifically, we tested the extent to which changes in adolescents’
math and science motivational beliefs from ninth to 11th grade
were correlated (path 1 in Figure 1) and the extent to which adoles-
cents’ motivational beliefs in one domain in ninth grade predicted
changes in their beliefs in the other domain from ninth to 11th
grade (paths b and e in Figure 1).

Under the second hypothesis, we expected that adolescents’
higher math and science motivational beliefs in ninth grade and
the smaller declines in adolescents’ math and science motivational
beliefs from ninth to 11th grade would be positively associated
with their STEM college major choices. Adolescents’ STEM college
major was included in the bivariate LCS models and regressed on the
change scores (paths d and g in Figure 1) and the ninth-grade scores
(paths c and h in Figure 1) of adolescents’ math and science motiva-
tional beliefs in each of the three models.

We also examined the extent to which parents’ STEM support
in ninth grade was associated with adolescents’ ninth-grade math
and science motivational beliefs at ninth grade and the changes in
their beliefs over time in the bivariate LCS models. Based on
prior literature, we hypothesized that adolescents whose parents
provided more STEM support would have higher math and sci-
ence motivational beliefs in ninth grade and have smaller declines
or stable changes over time. Family income, adolescent race/eth-
nicity, ninth-grade math achievement, and parents’ general aca-
demic support were included as controls in all of the bivariate
LCS models, and they predicted each of the focal indicators in
Figure 1.

Lastly, we examined the intersection of gender and college gener-
ation status. We first examined the demographic disposition of race/
ethnicity, mother employment status, and income at the intersection
of gender and college generation status using x> and analysis of var-
iance (ANOVA) tests in STATA v14.2. Next, we expected that there
would be mean-level differences in focal variables in Figure 1, as
well as process-level differences in the relations among these indica-
tors at the intersection of gender and college status. For mean-level
differences, we estimated ANOVA tests for continuous variables and
the ¢ test for categorical variables controlling for race/ethnicity. For
process-level differences, we estimated four-group multigroup mod-
els using the following three steps. First, we freely estimated the rela-
tional paths in Figure 1 across groups (except for the paths that were
constrained to one for model estimation requirements). Second, as an
omnibus test, we constrained all relational paths shown in Figure 1 to
be the same across all four groups to test whether there were group
differences in the overall model. Third, when the omnibus test was
statistically significant across groups, we followed up with compar-
isons of each path across four groups to identify which specific esti-
mates varied across which particular groups. Models were compared
using the Satorra—Bentler scaled > difference test (Satorra &
Bentler, 2001) as it is the recommended approach for models with
MLR estimator (Muthén & Muthén, 2012).

The proportion of missing values varied between 7% and 15% for
math and science motivational beliefs in ninth and 11th grade, 11%
for STEM college major, and 21% for parental STEM support.
Missing data were handled with full-information maximum likeli-
hood because this approach yields less biased estimates than tradi-
tional approaches such as listwise or pairwise deletion (Enders,
2010).

Robustness Checks

We conducted three robustness checks. The first robustness check
focused on the bivariate LCS models described in the Plan of
Analysis section using a more limited subsample of adolescents
who not only attended college but also reported college majors
(n=10,740) to test the robustness of estimating missing outcomes.
The second robustness check was estimated because we had to drop
adolescents who did not attend college from our main analyses. This
analysis used a more inclusive sample—a sample that included ado-
lescents who did and did not go to college (n =20,930). Because
this sample included adolescents who did not go to college or a cer-
tificate program, this model did not include STEM college major as
an outcome. Rather, it included all of the relations in high school
including the changes in students’ motivation and the parental corre-
lates. We conducted a third robustness check analysis to examine
whether there were significant differences at the intersection of gender
and race/ethnicity. Ten groups at the intersection of gender and race/
ethnicity were created: Latinx females and males, White females and
males, Black females and males, Asian females and males, and other
females and males. We repeated the same processes for process-level
differences in Figure 1 and tested whether there were significant group
differences at the intersection of gender and race/ethnicity.

Transparency and Openness

We reported how we determined our sample size, all data exclu-
sions, all manipulations, and all measures in the study, and we follow
JARS (Kazak, 2018). We used the restricted version of the HSLS
data set, although a public data set of HSLS with suppression of
some of the original data can be found at https:/nces.ed.gov/
surveys/hsls09. Materials and analysis code for this study are avail-
able by emailing the corresponding author. This study’s design and
its analysis were not preregistered.

Results

Adolescents’ math and science motivational beliefs on average
ranged from 2.85 to 3.15 in ninth grade and ranged from 2.64 to
3.28 in 11th grade on a one to four scale (Table 1). Adolescents’
math and science motivational beliefs (i.e., ability self-concept,
intrinsic value, and utility value) were moderately correlated within
each domain during ninth and 11th grade (rs=.36-.58), were
weakly to moderately correlated across math and science at ninth
and 11th grade (rs = .15-.43), and were weakly to moderately cor-
related across the two time points (rs = .10-.37). The M, SDs, and
correlations of focal variables are presented in Table 1.

We examined the demographic composition of the four groups at
the intersection of gender and college generation status. As presented
in Table S6 in the online supplemental materials, Latinx and Black
students were more likely to be first-generation college students
whereas White and Asian students were more likely to be continuing-
generation students. First-generation students were more likely to have
mothers who were not employed, whereas continuing-generation col-
lege students were more likely to have mothers who were either
employed full-time or part-time. The family income of first-generation
college students was significantly lower than continuing-generation
college students (Table S6 in the online supplemental materials).

To test our first three hypotheses, we estimated separate bivariate
LCS models for each of the three types of adolescents’ math and
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CHANGES IN MATH AND SCIENCE MOTIVATION 9

science motivational beliefs (i.e., ability self-concept, intrinsic
value, and utility value). We controlled for family income, adoles-
cents’ race/ethnicity, adolescents’ ninth-grade math achievement,
and parents’ academic support in all LCS models. The fit of these
three structural equation models was good to excellent. The
LCS model with math and science ability self-concepts showed
excellent model fit, X2(234)= 1,283.504, p <.001, comparative
fit index (CFI)=.967, root-mean-square error of approximation
(RMSEA) = .022, standardized root-mean-square residual (SRMR) =
.041. Items in the ability self-concept model evidenced significant
loadings for the latent variables of math ability self-concept,
B=.69-.86, p <.001; and science ability self-concept, f = .72-.89,
p <.001. The math and science intrinsic value model fit the data
well, x*(138) = 1,395.171, p <.001, CFI=.895, RMSEA = .031,
SRMR = .063. Factor loadings were statistically significant for math
intrinsic value, B =.66-.77, p <.001, and science intrinsic value,
B=.68-81, p <.001. The LCS model with math and science utility
values was also a good fit to the data, x2(138) =1,392.672, p < .001,
CFI=.909, RMSEA = .031, SRMR =.063. Factor loadings were
statistically significant for math utility value, = .56-.83, p <.001;
and science utility value, f = .66—.87, p < .001.

Changes in Adolescents’ Math and Science Motivational
Beliefs

We expected that adolescents’ math and science ability self-
concepts and utility values might decline from ninth to 11th grade
and their math and science intrinsic values could remain stable.

Adolescents’ Ability Self-Concepts

The mean changes of adolescents’ math and science ability self-
concepts were both significant and negative, Au = —.215, p < .001
for math and Au = —.063, p =.001 for science, indicating adoles-
cents’ math and science ability self-concepts, on average, declined
from ninth to 11th grade. There were significant interindividual dif-
ferences (or variance) in the changes of adolescents’ math and sci-
ence ability self-concepts (math: s*>=.35, p<.001; science:
s> =42, p<.001). Within each domain, adolescents’ ninth-grade
ability self-concepts negatively predicted subsequent changes in
their ability self-concepts (math: B=—.59, p<.001; science:
B=—.54, p<.001). In contrast, adolescents’ ninth-grade ability
self-concepts positively predicted subsequent changes in the other
domain; for example, adolescents’ ninth-grade math ability self-
concepts positively predicted the changes in their science ability
self-concepts from ninth to 11th grade (math predicting science:
B=.09, p<.001; science predicting math: f=.10, p <.001).
The standardized focal path coefficients are shown in Figure 2.
These findings suggest that adolescents with higher math ninth-
grade ability self-concepts were more likely to show larger declines
in their math ability self-concepts over time but smaller declines in
the science ability self-concepts over time. Parallel findings emerged
concerning adolescents’ ninth-grade science ability self-concepts.
Finally, the changes in adolescents’ math and science ability self-
concepts were significantly and positively related (r = .22, p <.001).

Adolescents’ Intrinsic Values

Adolescents’ math intrinsic values demonstrated significant declines
from ninth to 11th grade, Au= —.291, p <.001, but their science

intrinsic values did not significantly change over time, Au= —.034,
p = .095. There was significant variance or interindividual differences
in the changes in adolescents’ math and science intrinsic values
(math: s> =.29, p <.001; science: s> =.38, p<.001). Similar
to adolescents’ ability self-concepts, adolescents’ ninth-grade math
and science intrinsic values were negatively related to subsequent
changes within that same domain (math: B = —.66, p < .001; sci-
ence: B= —.60, p <.001), but positively related to changes in the
other domain (math predicting science: = .09, p <.001; science
predicting math: B = .17, p <.001). Finally, the changes in adoles-
cents’ math and science intrinsic values were significantly and pos-
itively related (r=.19, p <.001). The standardized focal path
coefficients are shown in Figure 3.

Adolescents’ Utility Values

Unlike adolescents’ ability self-concepts and intrinsic values
which typically declined from ninth to 11th grade (with the excep-
tion of science intrinsic values), adolescents’ utility values signifi-
cantly increased in both domains, Ap = .291, p < .001 for math and
Ap=.232, p <.001 for science, and evidence significant interindi-
vidual differences (math: s*>=.19, p <.001; science: s>=.22,
p <.001). Similar to the two other motivational beliefs, adoles-
cents’ ninth-grade science utility values were negatively related to
subsequent changes in science (f = —.51, p <.001) but positively
related to subsequent changes in math (B=.11, p <.001). For
math, utility values were negatively related to a subsequent change
in math (B = —.59, p <.001), but were not significantly related to
changes in adolescents’ science utility values based on our criteria
of p <.01 (B =.06, p=.04). Finally, the changes in adolescents’
math and science utility values were significantly and positively
related (r = .38, p < .001). The standardized focal path coefficients
are shown in Figure 4. All standardized path coefficients including
covariates can be found in Tables S7-S9 in the online supplemental
materials.

Math and Science Motivational Beliefs Predicting STEM
Major Choice

We hypothesized that having higher math and science motiva-
tional beliefs in ninth grade and smaller declines or stability in ado-
lescents’ math and science motivational beliefs from ninth to 11th
grade would positively predict adolescents declaring a STEM
major in college. As shown in Figure 2, adolescents’ math and sci-
ence ability self-concepts in ninth grade and the changes in adoles-
cents’ math and science ability self-concepts from ninth to 11th
grade all positively predicted their STEM major choice in college
(B=.12 and B=.15 for math and science ability self-concept in
ninth grade, respectively, and B=.11 and B=.09 for change,
p <.001). This means that students who had higher math and sci-
ence ability self-concepts at the beginning of high school and stu-
dents who had a smaller decline in math and science ability
self-concepts from ninth to 11th grade were more likely to pursue
a STEM college degree. Similarly, as shown in Figure 3, adoles-
cents’ math and science intrinsic values in ninth grade (B=.12
and B = .14, p < .001) and the changes in adolescents’ math and sci-
ence intrinsic values from ninth to 11th grade (3 =.10 and B = .13,
p <.001) all significantly and positively predicted adolescents’
STEM major choices in college. For utility value (Figure 4),
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Figure 2
Standardized Coefficients of the Predictive Paths in the Multivariate Latent Change Score
Model Between Math and Science Self-Concept of Ability With Predictors and Outcomes
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Note. Dotted gray lines were nonsignificant paths. Model controlled for gender, parents’ highest educa-
tion, family income, adolescents’ race/ethnicity, adolescents’ ninth-grade math achievement, and parents’
academic support. Model fit: X2(234) =1,283.504, p <.001, CFI = .967, RMSEA = .022, SRMR = .041.
*Paths were fixed to 1. STEM = science, technology, engineering, and mathematics; CFI = comparative fit
index; RMSEA = root-mean-square error of approximation; SRMR = standardized root-mean-square residual.
Source: U.S. Department of Education, National Center for Education Statistics, High School Longitudinal

Study of 2009 (HSLS:09).
wp < 01 *%p < 001,

adolescents’ science utility values at ninth grade and the changes
over time significantly and positively predicted adolescents’
STEM major choices (B = .20 and = .19 respectively, p <.001),
but adolescents’ math utility values did not significantly predict col-
lege major choices. In summary, both ninth grade and the changes in
adolescents’ math and science motivational beliefs positively pre-
dicted their STEM major choice in college, with the exception that
adolescents’ math utility values did not predict their STEM major
choice in college.

Parent STEM Support and Adolescents’ Math and
Science Motivational Beliefs

We hypothesized that adolescents whose parents evidenced higher
STEM support in ninth grade would have higher math and science
motivational beliefs in ninth grade and have smaller declines or stabil-
ity in their math and science motivational beliefs from ninth to 11th
grade. In the ability self-concept model shown in Figure 2, parents’
STEM support was significantly and positively related to adolescents’
math and science ability self-concepts in ninth grade (f=.06, p
<.01, and B=.08, p <.001, respectively), but not the changes in
adolescents’ ability self-concepts. In the intrinsic value model
(Figure 3), parents’ STEM support in ninth grade was significantly
and positively related to adolescents’ science intrinsic values in
ninth grade (B=.09, p <.001), but not math intrinsic values in
ninth grade nor the changes in adolescents’ intrinsic values. In the util-
ity value model, parents’ STEM support in ninth grade significantly
predicted adolescents’ science utility values in ninth grade (§ = .10,
p <.001) but not math utility values in ninth grade nor the changes

in adolescents’ utility values. In summary, parents’ STEM support
in ninth grade was more likely to be positively related to all
three ninth-grade science motivational beliefs and their math ability
self-concepts but was not significantly related to the changes in ado-
lescents’ math and science motivational beliefs from ninth to 11th
grade.

The Intersection of Gender and College Generation
Status

We examined the mean-level differences in the focal indicators
included in this study as well as the process-level differences in
their relations at the intersection of gender and college generation
status. Mean-level ANOVA and x? analysis results (Table 2) showed
that parents of continuing-generation college students reported
higher STEM support in ninth grade than parents of first-generation
college students. Within first-generation and continuing-generation
college students, parents of sons provided more STEM support in
ninth grade than parents of daughters. Aligned with our hypotheses,
male continuing-generation college students had the highest math
and science ability self-concepts in ninth and 11th grade and were
more likely to choose STEM majors in college, whereas female first-
generation college students had the lowest math and science ability
self-concepts and were less likely to choose a STEM major, and the
other two groups were in the middle. The differences in adolescents’
math and science intrinsic values across the four groups were mostly
subtle and nonsignificant. As for utility value, male adolescents
often scored higher than female adolescents within first-generation
and continuing-generation college groups.
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Figure 3
Standardized Coefficients of the Predictive Paths in the Multivariate Latent Change Score
Model Between Math and Science Intrinsic Value With Predictors and Outcomes
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Note. Dotted gray lines were nonsignificant paths. Model controlled for gender, parents’ highest educa-
tion, family income, adolescents’ race/ethnicity, adolescents’ ninth-grade math achievement, and parents’
academic support. Model fit: x2(138) =1,395.171, p <.001, CFI = .895, RMSEA = .031, SRMR = .063.
*Paths were fixed to 1. STEM = science, technology, engineering, and mathematics; CFI = comparative fit
index; RMSEA = root-mean-square error of approximation; SRMR = standardized root-mean-square residual.
Source: U.S. Department of Education, National Center for Education Statistics, High School Longitudinal
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Study of 2009 (HSLS:09).
*p<.05. *kp< 001

Process-level differences in the relations between focal variables
were tested by examining if the paths in the LCS models were signifi-
cantly different across the four groups defined by female and male
first- and continuing-generation college students. When we con-
strained all focal paths shown in Figures 2—4 to be equal across
the four groups, we found that the relations in the ability self-concept
model and intrinsic value models were not significantly different
across the four groups, Ax*(60)=69.375, p=.955, Ax*(60)=
69.197, p =.036, respectively. Only the utility value model was
significantly different across the four groups, Ay*(60) = 196.803,
p <.001. We estimated a series of follow-up tests to identify which
paths in the utility value model were significantly different across
the four groups. The results are presented in Table 3. The correla-
tions between math and science utility values in ninth grade were
significant and positive across the four groups but were stronger
for female first-generation college students (r =.72) compared to
their peers. The same pattern holds for the correlations between
math and science utility value change scores. The paths from math
and science utility values in ninth grade and the changes from
ninth to 11th grade to STEM major choices were significantly differ-
ent across the four groups. Adolescents’ math utility values at ninth
grade and the changes in their math utility values only significantly
predicted later STEM major choices for male continuing-generation
college students, but not for the other three groups. Science utility
values in ninth were significantly related to STEM major choices
for all groups, but the relation was significantly weaker for female
first-generation college students compared to male first-generation
college students. The changes in science utility values were signifi-
cantly related to STEM major choices for most of the groups except

for female first-generation college students. Overall, mean-level dif-
ferences were found for parental support, adolescents’ math and sci-
ence ability self-concepts, and STEM college major for the four
groups at the intersection of gender and college generation status,
whereas process-level differences were subtle among the four groups
and only emerged for utility values.

Robustness Checks

We conducted three robustness checks. For the first robustness
check, we reestimated the three models in Figures 2—4 for partici-
pants who had data in the last round of data collection (n=
10,740). For the second robustness check, we reestimated the high
school portion of the three models in Figures 2—4 with a more inclu-
sive sample that included students who did not attend college (n =
20,930). The results from both robustness checks were very similar
to the main analysis which proves the robustness of the results men-
tioned above (Figures S1-S6 in the online supplemental materials).
The paths that were different on significant levels between the main
and robustness checks were at the p < .05 level, which was not
reported as significant in this study. The third robustness check
examined whether there were process-level differences among
focal paths in Figure 1 at the intersection of gender and race/ethnic-
ity. Our results indicate that groups at the intersection of gender and
race/ethnicity were not significantly different from each other at the
process level. The results were presented in Supplementary Material
A in the online supplemental materials. However, race/ethnicity as a
control significantly predicted some of the motivational constructs.
Specifically, we found that Asian and Black students tend to have
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Figure 4
Standardized Coefficients of the Predictive Paths in the Multivariate Latent Change Score
Model Between Math and Science Utility Value With Predictors and Outcomes
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Note. Dotted gray lines were nonsignificant paths. Model controlled for gender, parents’ highest educa-
tion, family income, adolescents’ race/ethnicity, adolescents’ ninth-grade math achievement, and parents’
academic support. Model fit: x2(138) =1,392.672, p <.001, CFI =.909, RMSEA = .031, SRMR = .063.
*Paths were fixed to 1. STEM = science, technology, engineering, and mathematics; CFI = comparative fit
index; RMSEA = root-mean-square error of approximation; SRMR = standardized root-mean-square residual.
Source: U.S. Department of Education, National Center for Education Statistics, High School Longitudinal
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higher levels of math motivational beliefs than White students. And
Asian students were more likely to choose a STEM major than White
students (Tables S7-S9 in the online supplemental materials).

Discussion

Drawing on the situated expectancy-value theory (Eccles &
Wigfield, 2020), dimensional comparison theory (Moller & Marsh,
2013), and the intersectionality approach (Crenshaw, 1989), this
article examined the dual change processes of adolescents’ math
and science motivational beliefs from ninth to 11th grade and how
their beliefs were related to parental support in ninth grade and
their STEM college majors 7 years later. This article extended the
literature in several regards, including examining the relations
between math and science motivational beliefs as they develop
together during high school and testing whether the changes in ado-
lescents’ motivational beliefs were related to their STEM major
choices. Little research, to the best of our knowledge, has examined
these constructs and key theoretical questions at the intersection of
gender and college generation status. This article has theoretical
and practical applications for supporting adolescents’ STEM
choices, especially for acutely marginalized groups, such as female
first-generation college students.

Changes in Adolescents’ Math and Science Motivational
Beliefs

Our results build on the growing evidence that different motiva-
tional beliefs may follow unique developmental trends during high
school. Aligning with prior literature (Dotterer et al., 2009; Hsieh

etal., 2019; Puente et al., 2021; Wigfield et al., 2015), we found ado-
lescents’ math and science ability self-concepts and math intrinsic
values decreased; however, adolescents’ science intrinsic values
remained stable, and their math and science utility values increased.
Adolescents may become less confident in their math and science
classes because of multiple factors including facing academic chal-
lenges in more advanced courses, experiencing negative feedback or
failure, and comparing themselves unfavorably to peers (Wigfield
et al., 2015). At the same time, adolescents placed more importance
on their math and science classes toward the end of high school when
they were thinking about graduation and college. These findings
highlight the need to examine specific motivational beliefs (e.g., sep-
arating overall subject task values into utility values and intrinsic
values) when studying the development of math and science motiva-
tional beliefs because they are theoretically distinct and may follow
different developmental functions (Eccles & Wigfield, 2020). For all
six math and science motivational beliefs, we found that higher math
and science motivational beliefs in ninth grade were associated with
decreases in same-domain motivational beliefs from ninth to 11th
grade. Though this could be the result of ceiling effects and how peo-
ple’s scores often move toward the mean over time (Vogt, 2005), it is
also possible that some highly motivated students find high school
math and science too challenging or less interesting or, perhaps,
find a stronger pull toward another domain (and away from
STEM; e.g., Wan et al., 2021). More work is needed to examine
the reason why higher motivational beliefs in ninth grade were asso-
ciated with decreases over time within each domain.

We also found that adolescents’ math and science motivational
beliefs were interconnected, such that having high motivational
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Table 2
Comparison of Focal Constructs Among the Intersection of Gender and College Generation Status
Female Male
Female first- Male first- continuing- continuing-
generation generation generation generation
college college college college
students students students students o
(n=1590) (=12200 (=3580) (n=23,450) Statistical |
significance
Indicator M (SD) M (SD) M (SD) M (SD) (effect sizes) Significant comparisons

Ninth-grade parent indicators

Parent STEM support 2.78 (1.50)* 297 (1.51)°  3.13 (1.40)° 3.44 (1.40) 87.62*** (0.03) F-FG <M-FG < F-CG <M-CG
Ninth-grade motivational beliefs

Math self-concept of ability 2.90 (0.63)* 3.06 (0.61)°  2.98 (0.63)° 3.13 (0.61)° 57.20%** (0.02) F-FG <F-CG <M-FG <M-CG

Math utility value 3.19 (0.58)°°  3.24 (0.59°  3.08 (0.61)* 3.17 (0.61)° 22.07*#** (0.01) F-CG <M-CG <M-FG

Math intrinsic value 2.95 (0.66)" 2.90 (0.68)*  2.92 (0.66)" 2.92(0.67)* 1.17 (0.00)

Science self-concept of ability 2.78 (0.60)* 291 (0.61)>  2.86 (0.61)° 3.06 (0.60)° 80.96*** (0.03) F-FG <M-FG, F-CG <M-CG

Science utility value 2.96 (0.60)* 2.94 (0.61)*  2.95 (0.59)" 2.96 (0.61)* 0.59 (0.00)

Science intrinsic value 291 (0.67)* 291 (0.70)*  2.90 (0.69)" 2.96 (0.70)* 4.33** (0.00) F-CG <M-CG
11th-grade motivational beliefs

Math self-concept of ability 271 (0.71)* 2.89 (0.69)°  2.78 (0.71)° 2.98 (0.66)° 69.86*** (0.02) F-FG < F-CG < M-FG <M-CG

Math utility value 3.29 (0.57)* 3.34 (058"  3.27 (0.58)* 3.35 (0.58)° 12.53*** (0.00) F-FG, F-CG < M-FG, M-CG

Math intrinsic value 2.68 (0.75)" 2.71 (0.76)*  2.69 (0.73)" 2.74 (0.72)* 3.74 (0.00)

Science self-concept of ability 2.78 (0.69)* 2.89 (0.69)°  2.80 (0.74) 3.01 (0.69)° 62.46*** (0.02) F-FG, F-CG <M-FG, < M-CG

Science utility value 3.10 (0.61)®  3.06 (0.63)*  3.11 (0.62)° 3.14 (0.64)° 4.84*** (0.00) M-FG <M-CG

Science intrinsic value 2.91 (0.73)* 2.87 (0.74)*  2.88 (0.78)" 2.95 (0.76)° 4.65** (0.00) M-FG, F-CG <M-CG
STEM outcomes

STEM college major 0.11 (0.32)* 027 (0.44°  0.18 (0.39)°  0.34 (0.48)? *386.89*** (.02) F-FG <F-CG < M-FG < M-CG

Note.

Within rows, means sharing a letter in superscripts are not significantly different at p <.01. Source: U.S. Department of Education, National Center for

Education Statistics, High School Longitudinal Study of 2009 (HSLS:09). F-FG = female first-generation college students; M-FG = male first-generation
college students; F-CG = female continuing-generation college students; M-CG = male continuing-generation college students; STEM = science, technology,

engineering, and mathematics; ANOVA = analysis of variance.
'ANOVA F test or chi-square results are presented.

* Chi-square test results.

**p<.01. ***p<.001.

beliefs in one domain helped slow decreases or supported increases
in the other domain (Eccles, 2009; Moller & Marsh, 2013). This
result supports a core tenet of dimensional comparison theory that
math and science are complementary domains that have positive
effects on each other (Moller & Marsh, 2013). Though scholars
have tested the tenets of dimensional comparison theory in terms
of the negative associations between math and English (Marsh
et al., 2015), these findings provide some of the first evidence con-
cerning the positive relations among complementary domains.
Some scholars have argued that math is the gateway domain to future
math and science performance and choices (Shapka et al., 2006;
Watt et al., 2017). Our results suggest that direction is not limited
to math supporting science, but that there are reciprocal relations
between math and science over time, where science motivational
beliefs also support the development of math motivational beliefs
during high school.

Another major contribution of this article is that the changes in ado-
lescents’ math and science motivational beliefs from ninth to 11th
grade increased the odds they selected STEM as a college major
even after accounting for adolescents’ motivational beliefs at the
beginning of high school and a host of control variables including
family indicators and adolescents’ math achievement. Specifically,
adolescents who had smaller declines in their math and science ability
self-concepts and intrinsic values or larger increases in their science
utility values were more likely to choose a STEM major compared
to their peers. These findings underscore the importance of examining
the developmental changes in adolescents’ motivational beliefs and

that interventions that provide support throughout high school
may be more effective than interventions offered at just one time.
Though both math and science ability self-concepts and intrinsic
values predicted STEM college major, only science utility values
predicted their majors; math utility values were not significantly asso-
ciated. This pattern aligns with prior literature that used variable-
centered and person-centered approaches and found that science
utility values directly predicted STEM major choices, whereas math
utility values predicted STEM major choices through high school
grade point average and course selection (Jiang et al., 2020;
Snodgrass Rangel et al., 2020). As prior literature suggested that
math is the gatekeeper of students’ achievement and choices in
STEM, our results suggested that science is also necessary for keeping
adolescents in the STEM pipeline (Shapka et al., 2006). Our study
along with prior literature has provided evidence that math and science
motivational beliefs function differently in predicting STEM out-
comes (Jiang et al., 2020; Snodgrass Rangel et al., 2020). Our findings
have direct implications for policy, practice, and interventions that
seek to increase the long-term pursuit of careers in STEM to focus
on boosting the development of adolescents’ math and science moti-
vational beliefs during high school (Harackiewicz et al., 2012).

Parent STEM Support and Adolescents’ Math and
Science Motivational Beliefs

This article examined the extent to which parents’ STEM support
at the beginning of high school related to adolescents’ concurrent
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first-generation college students face different obstacles in STEM,
we found they often had similar math and science motivational
beliefs. However, their STEM major choices were significantly dif-
ferent favoring male first-generation college students than female
continuing-generation college students. Gender-related processes
(e.g., gender stereotypes) may play a bigger role in STEM major
choice than motivational beliefs. Future intersectionality studies,
particularly qualitative studies, are needed to understand power
and inequalities in adolescents’ STEM motivation and choices at
the intersection of gender and college generation status.

In contrast to the more consistent mean-level differences across
the four groups, we found only subtle differences in the relations
between the focal variables. The associations for two out of three
motivational beliefs were not different across four groups, which
means the predictors and correlates of adolescents’ math and science
ability self-concepts and intrinsic values were largely similar for
groups at the intersection of gender and first-generation college sta-
tus. Among the few exceptions, we found that math and science
motivational utility values consistently and positively predicted
the STEM college majors for male continuing-generation college
students compared to other groups. Utility values might be stronger
predictors of STEM college majors for male continuing-generation
college students because they experience the least amount of dis-
crimination and structural barriers, have more freedom to choose
their majors, and base that decision more on what they think will
be important for their future (Pascarella et al., 2004; Wigfield
et al., 2015). Other groups might weigh more heavily on other fac-
tors in their decision-making processes such as costs (e.g., tuition,
lack of fit with the stereotype), family priorities, and identity (Bui,
2002).

The descriptive analysis at the intersection of gender and college
generation status results aligned with prior literature demonstrated
that first-generation college students are more likely to be Latinx
and Black students and from low-income families (Lohfink &
Paulsen, 2005; Pascarella et al., 2004). Because there were racial/eth-
nic disparities not accounted for by college gen status or other indi-
cators of social class, we controlled for race/ethnicity throughout our
analyses. Our results aligned with prior literature that Asian students
tended to have higher math and science motivational beliefs and
were more likely to choose a STEM major than White students
(Hsieh et al., 2021). However, future research could consider the
intersection of race/ethnicity and college generation status to gain
a deeper understanding of the nuanced experiences at the intersec-
tion of multiple identities in STEM education (Harackiewicz et al.,
2016).

Limitations and Future Directions

This article extended the literature by examining the individual
and contextual factors that are associated with adolescents’ math
and science motivation and STEM college majors. However, limita-
tions need to be taken into account when interpreting the results.
Although quantitative data have the advantage of testing longitudi-
nal relations and subgroup differences, it provides less insight into
the details of the developmental processes. For example, why ado-
lescents” math and science ability self-concepts decreased, whereas
their utility values increased warrants further unpacking. Qualitative
studies are needed to understand the nuances of parental support;
for example, asking parents to describe their conversations while

helping children with their science projects would provide a better
picture of why these supports help adolescents in STEM (Pomerantz
et al., 2007).

We examined the relations between parents’ STEM support in
ninth grade and the changes in adolescents’ math and science moti-
vation from ninth to 11th grade. These models were designed based
on theories that parental support predicts adolescents’ current and
subsequent motivational beliefs (Hill & Tyson, 2009; Wigfield
et al., 2015). Such parent effects, however, do not negate the exis-
tence of child effects where, in this case, adolescents’ motivational
beliefs influence parents’ STEM support. Theories and existing
empirical work suggest effects in both directions are possible, but
the evidence in elementary school has been more consistent concern-
ing parent effects than child effects (Simpkins, Fredricks, et al.,
2015; Wigfield et al., 2015). Child effects may be more prominent
during adolescence and need to be systematically tested. In addition,
we used a measure of parenting at one time point; however, parents
do not provide support only at one time point. They support their
children throughout their life. The continuity of parental support
should be examined to understand the bidirectional effects and the
extent to which parents’ continued support predicted more positive
changes in adolescents’ motivational beliefs. Lastly, parents
reported their support. Though using parent report of their support
reduces shared method variance compared to when adolescents
report on both parent support and their motivational beliefs, situated
expectancy-value theory argues that adolescents are active agents
and their interpretation of their environment is what influences
their motivational beliefs (Wigfield et al., 2015). Adolescents may
have different interpretations of parents’ support (e.g., being over-
bearing and limiting autonomy) when parents have good intentions
(Pomerantz et al., 2007). Future studies should collect data from both
parents and adolescents concerning parent support to take into
account these issues.

We examined the disparities in adolescents’ math and science
motivational beliefs and STEM choices at the intersection of gender
and college generation status. Adolescents were categorized into
these groups based on their selection of demographic categories
and not based on the extent to which they identify with these groups.
Future studies could gather identity data to learn more about adoles-
cents’ social identities.

Another limitation of this article is that the motivational belief
measures ask about participants’ beliefs about their math and science
classes and not about math or science in general. Thus, the changes
in beliefs may be more tied to changes in math and science high
school courses than their feelings about math and science more gen-
erally. Although these beliefs might be highly correlated, they could
be different for some, due to unique experiences in their math and
science classes (e.g., a particularly hard class, a teacher they struggle
with). Future studies are needed to examine adolescents’ motiva-
tional beliefs on math and science generally to confirm the results
of this article.

Conclusion

This article provided important insights for practitioners and pol-
icymakers to pay attention to adolescents’ motivational beliefs at the
beginning of high school as well as how their motivational beliefs
develop during high school. We found that not all math and science
motivational beliefs decreased during high school, specifically
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adolescents’ ability self-concepts decreased, their utility values increas-
ed, and their intrinsic values were stable in science and decreased in
math. Our results suggest math and science are complementary
domains that support the development of each other, which aligns
with tenets of dimensional comparison theory (Méller & Marsh,
2013). We found that parental support at the beginning of high
school was more strongly related to adolescents’ ninth-grade sci-
ence motivational beliefs rather than their math motivational
beliefs or changes in their beliefs. Another significant contribution
of this article is that we found mean-level differences at the inter-
section of gender and college generation status that can be traced
back to the beginning of high school, including parental support,
math and science motivational beliefs, and are carried forward to
whether they declare a STEM major 7 years later in college.
However, the process-level differences in the relations between
focal variables were rare, suggesting that interventions on parent-
ing or motivation might have similar effects for all groups. Also,
this article draws attention to a group that might experience acute
marginalization in STEM, namely female first-generation college
students. Extra support for adolescents who belong to this group
could help narrow gaps in math and science.
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