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During high school, developing competence in science, technology,
engineering, and mathematics (STEM) is critically important as
preparation to pursue STEM careers, yet students in the United
States lag behind other countries, ranking 35th in mathematics and
27th in science achievement internationally. Given the importance
of STEM careers as drivers of modern economies, this deficiency in
preparation for STEM careers threatens the United States’ contin-
ued economic progress. In the present study, we evaluated the
long-term effects of a theory-based intervention designed to help
parents convey the importance of mathematics and science courses
to their high-school–aged children. A prior report on this interven-
tion showed that it promoted STEM course-taking in high school; in
the current follow-up study, we found that the intervention im-
proved mathematics and science standardized test scores on a col-
lege preparatory examination (ACT) for adolescents by 12 percentile
points. Greater high-school STEM preparation (STEM course-taking
and ACT scores) was associated with increased STEM career pursuit
(i.e., STEM career interest, the number of college STEM courses, and
students’ attitudes toward STEM) 5 y after the intervention. These
results suggest that the intervention can affect STEM career pur-
suit indirectly by increasing high-school STEM preparation. This
finding underscores the importance of targeting high-school STEM
preparation to increase STEM career pursuit. Overall, these find-
ings demonstrate that a motivational intervention with parents
can have important effects on STEM preparation in high school,
as well as downstream effects on STEM career pursuit 5 y later.

academic motivation | educational intervention | STEM motivation |
achievement | parent intervention

Ascience, technology, engineering, and mathematics (STEM)
“pipeline problem” exists in the United States, where STEM

careers are growing rapidly, yet too few students are prepared to
take advantage of them (1). STEM occupations are estimated to
grow by 17% between 2009 and 2018, compared with 9.8% for
non-STEM occupations, and it is expected that the majority
(92%) of all STEM jobs will require some postsecondary edu-
cation (2, 3). Furthermore, in 2008 only 4% of bachelor degrees
in the United States were earned in engineering, compared with
31% in other countries, such as China (4, 5). Increasing the
number of individuals qualified for and actually pursuing STEM
careers can help the United States stay competitive with other
advancing countries and improve the global economy through
increased innovation and technology (6, 7). Therefore, it is vital
to develop a population of college graduates with STEM degrees
to meet these ever-increasing demands.
To increase the pool of STEM workers, we need to increase

the number of students with the necessary knowledge and skills
needed for STEM careers. Currently, students in the United
States lack mathematical and scientific skills when compared
with students in other nations. In fact, international test score
results show that 15-y-olds in the United States rank 35th in
mathematics literacy and 27th in science literacy among par-
ticipating nations (4, 5). Similar deficits in students’ STEM
competence are revealed by examining students’ college preparatory

examination scores. Specifically, in a recent study of ACT test-takers,
only 44% met the college readiness level for mathematics and 36%
for science (8).
One way to develop students’ mathematics and science skills is

to increase enrollment in STEM courses in high school. Re-
search supports the link between increased exposure to STEM
topics in classes and higher STEM achievement (9). However,
students are allowed to opt out of elective STEM courses in high
school, and as a result, many students are not exposed to the
advanced mathematics or science classes necessary to attain
postsecondary STEM degrees. For example, in 2009 only 17.8%
of high-school students enrolled in physics and 21.0% enrolled in
calculus or precalculus (10).
The importance of high-school STEM preparation can be seen

when examining students’ STEM career pursuit after high school
and in college. Research shows that advanced high-school mathe-
matics (e.g., algebra II, calculus) and science (e.g., physics, chem-
istry) courses are crucial predictors of STEM major enrollment in
college (1, 11). Furthermore, in college there is a high degree of
attrition from STEM majors. For example, only 62% of students
between 2003 and 2009 who entered 4-y colleges as STEM ma-
jors graduated with a bachelor degree from a STEM domain, and
insufficient STEM preparation in high school plays a role in this
lack of persistence toward STEM careers (1, 2, 12). Thus, not
only is STEM preparation in high school lacking, but it also af-
fects entry into STEM majors in college, persistence toward
those majors, and ultimately entry into STEM careers.
Although many factors contribute to the lower levels of STEM

preparation and career pursuit, research in psychology shows
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that this is, in part, a motivational problem (13). Expectancy-
value theory posits that individuals make achievement-related
choices, such as how hard they will study for a test or the types of
courses in which they enroll, based on (i) their expectations for
success and (ii) their subjective task value (i.e., the importance of
a task) (13). Expectancy-value theory defines different types of
subjective task value: intrinsic value (a task is important because
it is enjoyable), attainment value (a task is important because it is
related to your identity), and utility value (a task is important
because it is relevant or useful for a current or future goal).
Researchers have recently focused on increasing students’ perceived
utility value with interventions because it is viewed as malleable to
outside forces. Furthermore, correlational and longitudinal research
has shown that utility value is a significant predictor of mathematics
and science course-taking and STEM major enrollment (1, 14, 15).
Thus, intervening to increase students’ perceived utility value in
STEM domains is one promising direction for increasing students’
high-school STEM preparation as well as STEM career pursuit.
Much of the intervention research has focused on student-

centered interventions designed to increase students’ utility value
in a topic or task, either by communicating utility value directly
to students (i.e., telling them why it is useful) or asking students
to generate their own ideas about why STEM topics are useful (i.e.,
asking them to write about why it is personally useful) (16, 17).
Results suggest that these student-centered interventions can
improve students’ motivation and performance in STEM do-
mains, but the positive effects of these interventions often de-
pend on individual differences. For example, explaining the
utility of a novel math technique improved performance and
interest for students who were already highly interested or con-
fident in their mathematics ability (18, 19). Conversely, asking
students to write about the utility of STEM topics in their lives
proved to be most effective for students who lacked confidence
(20) or who were members of underrepresented groups in col-
leges (21). For example, in a randomized controlled trial in high-
school science classes, less confident students who were asked to
write about the utility of the course showed increased interest in
science and higher science grades than less-confident students in
the control group (20). Although these studies suggest that utility-
value interventions have positive effects for particular subgroups,
utility-value interventions that combine direct communication of
utility value with a self-generated component show a more uni-
versal positive effect on students’ motivation and performance
(22). Furthermore, larger-scale randomized controlled trials
have confirmed that the effects found in initial studies can im-
prove high-school and college students’ motivation at scale and
with representative groups of students (21, 23). Overall, findings
from these student-centered intervention studies demonstrate
consistent positive causal effects of utility value on motivation,
interest, and academic performance (16, 17, 24).
Even though student-centered interventions have been shown

to be successful, schools do not always have the class time, the
teacher training time, or the resources available to implement
these interventions in classrooms. One alternative and poten-
tially powerful route for increasing students’ perception of the
relevance of STEM topics is by engaging their parents, given that
parents play a critical role in shaping their students’ motivational
beliefs (25, 26). Past research shows that parents’ motivational
beliefs, such as the importance they place on mathematics and
science for their child, predict their children’s motivational be-
liefs and educational outcomes in those subject areas (27). Par-
ents are hypothesized to affect their children’s attitudes through
multiple mechanisms, including parents’ behaviors (28, 29) and
the quality of parents’ conversations with their children (30).
These correlational findings suggest that parents can play an
important role in communicating utility-value beliefs to their
children and in increasing their children’s STEM motivation and
career pursuit. Therefore, we tested whether an intervention

designed to help parents communicate the utility of mathematics
and science to their children would improve students’ STEM
motivation and achievement.

Current Study
There is a long history of so-called two-generation interventions,
which are defined as interventions that involve both parents and
children (31). Consistent with this tradition of two-generation
interventions, Harackiewicz et al. (32) tested an intervention that
encouraged parents to communicate the utility value of STEM
topics to their high-school–aged children. Parents were randomly
assigned to the intervention or control condition, and the in-
tervention materials (i.e., two brochures and a website) were
distributed to parents when their children were in the 10th and
11th grades of high school. Intervention materials provided in-
formation about the utility and relevance of mathematics and
science for high-school students and encouragement to discuss
this information with their child. In addition, parents were given
advice and recommendations about how to most effectively
communicate this information to their children. For example,
parents were advised to personalize the information to their
children’s interests and goals by helping their children generate
their own connections with STEM topics and supporting these
connections with information and examples from the interven-
tion materials. Parents in the control group did not receive any
additional materials. Students could only be affected by the in-
tervention through interactions with their parents because none
of the intervention materials were ever directed to students.
Harackiewicz et al. (32) found that this intervention increased
students’ STEM course-taking in the 11th and 12th grades of
high school by approximately one semester of additional STEM
course-taking on average. Moreover, Rozek et al. (33) showed
that those effects were mediated by changes in parents’ and
students’ attitudes about STEM topics.
The current study extended the original study in two important

ways: first, we investigated if this parental intervention affected
students’ mathematics and science achievement in high school;
second, we conducted a 5-y follow-up when the participants were
20-y-old to examine students’ STEM career aspirations, college
STEM course-taking, likelihood of choosing a STEM major in
college, and perceptions of STEM value. To examine academic
achievement as an additional measure of students’ high-school
STEM preparation, we collected and analyzed students’ college
preparatory standardized test scores (i.e., ACT scores) from
their high-school records. Scores on this test reflect knowledge
accrued from mathematics and science courses taken in high
school, and we hypothesized that scores would be higher in the
intervention condition, given that those students enrolled in
more STEM courses. Furthermore, we tracked participants 5 y
after the initial intervention (age 20) to assess long-term inter-
vention effects on posthigh-school STEM career pursuit out-
comes. At this time, we asked students about the type of career
they desired, how many STEM courses they had taken in college,
their current plans for their college major, and about their
STEM attitudes.
The goal of the current study was to examine the effects of the

intervention on an additional high-school STEM preparation
variable (i.e., ACT scores), as well as downstream effects on
posthigh-school STEM career pursuit. First, we hypothesized
that this parent-centered utility-value intervention would in-
crease students’ mathematics and science ACT scores, in addi-
tion to the already documented effects on 11th and 12th grade
mathematics and science course-taking. Second, we predicted
that these effects on high-school outcomes would better prepare
students for STEM careers. Thus, we predicted that the in-
tervention would have long-term positive effects on posthigh-
school STEM career pursuit (i.e., college STEM course-taking,
the likelihood of choosing a STEM major, self-reported STEM
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value, and whether students aspired to a STEM career 5 y after
the initial intervention) to the extent that the intervention im-
proved students’ high-school STEM preparation. Although the
intervention could also directly affect posthigh-school outcomes,
research on the lasting effects of psychological interventions
suggests that they are maintained by initiating a chain of positive
recursive processes (34). That is, the intervention may change
some outcome (behavior or psychological process) in the short
term, and that outcome then has an effect on later outcomes. We
tested our hypothesis by examining the indirect effect of the
intervention on STEM career pursuit variables via high-school
STEM preparation variables. In all, this study is unique in terms
of being able to test both the short-term and long-term effects of
a cost-effective parent-centered intervention on critical STEM
preparation and career pursuit outcomes.

Results
Statistics and Correlations. Descriptive statistics and zero-order
correlations are reported in Table S1.

Structural Equation Model. We used structural equation modeling
to examine the relationships between variables over time during
and after high school (see Fig. 1 for the theoretical model). There
were seven base predictors for our model, which were used to
predict all high-school and posthigh-school outcomes: the inter-
vention (+1 for intervention group and −1 for control group), stu-
dents’ gender (+1 for male and −1 for female), level of parental
education (z-scored), and all resulting two-way interactions as
well as the three-way interaction between the intervention, stu-
dents’ gender, and parental education.
We hypothesized that increased high-school STEM prepara-

tion would have positive long-term effects on posthigh-school
STEM career pursuit; we therefore allowed mathematics and
science ACT scores and mathematics and science course-taking
in 11th and 12th grade to predict the posthigh-school outcomes,
along with the base predictors. All variables measured at the
same time point (e.g., high school) were allowed to correlate. To
assess the long-term effect of the intervention on posthigh-school
STEM career pursuit, we examined the total indirect effect of
the intervention on posthigh-school outcomes through high-
school variables (35). Missing data were accounted for by using
full information maximum-likelihood methods (36). The model
was saturated, which does not allow for a meaningful test of
model fit. For additional information on the model and mea-
sures, see SI Materials and Methods (Table S2 summarizes the
significant direct and indirect effects).
Direct intervention effects on high-school STEM preparation. The in-
tervention had a significant effect on mathematics and science
ACT score (z = 2.46, β = 0.19, P < 0.05) (Fig. 2A) and, as pre-
viously reported (32), 11th and 12th grade STEM course-taking
(z = 2.22, β = 0.16, P < 0.05). Specifically, the intervention in-
creased mathematics and science ACT scores by about 12 per-
centile points (Fig. 2B) and 11th and 12th grade STEM course-
taking by nearly one semester (0.81 semesters). Because students
were enrolling in 11th and 12th grade STEM courses and taking
the ACT during the same time period, these variables were

allowed to correlate in the model, but we cannot determine if
increased course-taking led to higher ACT scores or vice-versa.
Ancillary ACT score analysis. Supplemental analyses were also con-
ducted to examine if there was a difference on preintervention
performance and if controlling for preintervention performance
changed the intervention effect on mathematics and science
ACT score (Table S3). Accordingly, we collected and examined
high-school state standardized mathematics and science test scores
for students from before the intervention [10th grade Wisconsin
Knowledge and Concepts Examination (WKCE) scores] and
found no significant difference between intervention and control
groups on students’ preintervention test scores (z = −0.29, β =
−0.03, P = 0.77). Moreover, even when controlling for these
preintervention test scores, the positive effect of the intervention
on mathematics and science ACT score was significant (z = 3.61,
β = 0.20, P < 0.001).
Direct intervention effects on posthigh-school STEM career pursuit. We
estimated a secondary model that was identical to the main
structural equation model, except that high-school STEM course-
taking and ACT scores were not included. This approach allowed us
to assess whether the intervention directly affected posthigh-
school outcomes. There were no significant direct intervention
effects on posthigh-school STEM career pursuit variables (Ps >
0.36) (Table S4).
Associations between high-school STEM preparation and posthigh-school
STEM career pursuit. Next, we tested whether high-school STEM
preparation variables were predictors of posthigh-school STEM
career pursuit outcomes. Mathematics and science ACT score
was a significant predictor of college STEM course-taking (z =
2.36, β = 0.26, P = 0.02), such that students with higher mathe-
matics and science ACT scores enrolled in more college STEM

Intervention

High School STEM 
Preparation:

STEM Course-Taking
STEM ACT Scores

Post-High School 
STEM Career Pursuit:

STEM Career Aspirations
College STEM Course-Taking

College  STEM Major
Perceived STEM Value

Fig. 1. Theoretical model of how the intervention should have long-term
effects on STEM career pursuit through increased STEM preparation in high
school.
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classes. High-school mathematics and science course-taking was
a significant predictor of students’ college STEM course-taking
(z = 3.77, β = 0.34, P < 0.01), the likelihood that students’ de-
sired a STEM major (z = 2.82, β = 0.29, P < 0.01), perceived
STEM value (z = 2.29, β = 0.22, P = 0.02), and STEM career
aspirations (z = 3.13, β = 0.30, P < 0.01). Thus, mathematics and
science course-taking in high school was a significant predictor of
all posthigh-school outcomes, such that students who enrolled in
more high-school mathematics and science courses also enrolled
in more college mathematics and science courses, were more
likely to desire a STEM major, valued STEM topics more, and
were more likely to aspire to a STEM career. Overall, these
results suggest that high-school STEM preparation is implicated
in posthigh-school STEM career pursuit. In this model, none of
the base predictors showed significant direct effects on college
outcomes, indicating that the intervention may affect posthigh-
school outcomes indirectly.
Indirect effects of the intervention on posthigh-school STEM career pursuit
through high-school STEM preparation. Finally, we tested for indirect
effects of the intervention (37, 38). We hypothesized that the
intervention would increase posthigh-school STEM career pur-
suit to the degree that it increased high-school STEM prepara-
tion (i.e., mathematics and science ACT scores and 11th and
12th grade mathematics and science course-taking). We tested
this hypothesis by examining the total indirect effect on each of
the posthigh-school outcomes through the two high-school STEM
preparation variables. That is, we examined how intervention-
induced changes in high-school STEM preparation were asso-
ciated with increased STEM career pursuit after high school.
Results showed that there was a significant indirect effect of the
intervention on all but one of the posthigh-school outcomes.
Specifically, there were significant indirect effects of the in-
tervention on college STEM course-taking (z = 2.54, P = 0.01),
STEM career aspirations (z = 2.19, P = 0.03), and perceived
STEM value (z = 2.15, P = 0.03). The total indirect effect on the
likelihood of desiring a STEM major was not significant (z =
1.67, P = 0.09). These results suggest that the intervention can
influence posthigh-school STEM career pursuit indirectly,
through intervention effects on high-school STEM preparation
outcomes (see Fig. 3 for a summary path model of these effects).
Because the link between high-school STEM preparation and
posthigh-school STEM career pursuit variables is correlational,
we cannot infer a causal effect of the intervention on these

outcomes, although the longitudinal design strengthens the evi-
dence. Rather, we believe that our findings highlight a pathway
through which interventions may work by starting a positive re-
cursive process in which success in high school begets success
after high school in the STEM domain.

Discussion
Given the need to promote preparation and career pursuit in
STEM domains in the United States (1–3), the goal of this
project was to develop and test an intervention that engaged
parents to encourage their children to take STEM courses in
high school. We randomly assigned families to an intervention or
control group, and intervention group parents received materials
about the relevance of mathematics and science for their chil-
dren and encouragement to discuss the relevance of these topics
with their children during high school. Previous reports on this
intervention found that it increased mathematics and science
course-taking in high school (32). The current study followed up
on those findings by examining the effect of the intervention on
standardized test scores in high school as well as the long-term
effects of increased high-school STEM preparation on STEM
career pursuit after high school. We found that the intervention
improved performance on ACT mathematics and science test
scores by 12 percentile points. Consistent with a recursive pro-
cess model whereby an initial improvement spurs on later posi-
tive outcomes (34), greater STEM preparation in high school
was associated with increased STEM career pursuit after high
school (i.e., STEM course-taking in college, STEM career aspi-
rations, and perceived STEM value).
These results suggest that students’ motivation is one key

factor that can be leveraged to enhance STEM competence and
career pursuit. Recent research has shown that precise, theory-
driven social-psychological interventions can have powerful and
long-lasting effects on educational outcomes when applied di-
rectly with students in schools (16, 17, 39). This study contributes
to that body of knowledge by showing that parents are an ad-
ditional resource that can be engaged to promote important
student outcomes. These results are also consistent with expec-
tancy-value theory, which predicts that increasing the personal
relevance of topics will increase motivation and achievement
(13) and points to the important role of parents in helping
children to develop their motivational beliefs (25–27). Prior re-
search on parents’ utility-value beliefs and students’ outcomes is
correlational, so this project shows that parents can play a causal
role in improving students’ motivation by helping their children
to find the utility and relevance in what they are learning.
The current study underscores the value of parents as com-

municators of STEM information to their children. Although
parental involvement declines from elementary school to high
school, it is still associated with academic success during the
high-school years (40) and when it is the right type of involve-
ment, such as emphasizing the personal relevance and impor-
tance of course material (41). However, little research has
examined the efficacy of interventions with parents or focused on
investigating if there is a positive effect of providing parents with
resources to help promote optimal types of parental involve-
ment. The current study does just this by providing parents with
information and strategies to spur effective communication with
their adolescents about STEM topics.
Interventions directed at parents, in comparison with those

directed at students, have many advantages. First, the interven-
tion can change parents’ behavior over the long term, so that
pro-STEM messages are reinforced over time (e.g., with multiple
conversations between parents and children). In contrast, stu-
dent-centered classroom interventions are limited by the number
of times that they are implemented in the classroom (17). Sec-
ond, a parent-centered intervention can lead to a more cus-
tomized implementation (e.g., by allowing parents to decide how

Intervention

11th and 12th

Grade STEM 
Course-Taking

0.16

0.30

College STEM 
Course-Taking

STEM Career 
Aspirations

Students’ STEM 
Value

College STEM 
Major

0.22

0.34

0.29

Mathematics and 
Science ACT 

Scores0.19

0.26

0.25

Fig. 3. Primary empirical path model. The effect of the intervention on
high-school outcomes (i.e., mathematics and science ACT scores and course-
taking) as well as outcomes measured 5 y after the intervention, including
college STEM course-taking, STEM career aspirations, STEM motivation, and
college STEM major. The intervention affected 5-y outcomes through
mathematics and science ACT scores and 11th/12th grade STEM course-tak-
ing. The only indirect effect that is not significant is from the intervention to
college STEM major (z = 1.67, P = 0.09). All paths between subsequent
variables were tested, but only significant paths are shown. Numbers rep-
resent standardized β-weights.
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to best use intervention materials with their child) and allow for
one-on-one conversations, whereas teacher-led interventions
often require less individualized communication, given the lo-
gistics of the classroom. For example, one parent might know
that their child reacts well to direct conversations, whereas an-
other parent might know that their child does not learn well from
direct conversations and prefers to explore information on their
own. Third, these interventions can capitalize on parents’ expe-
riences and history with their children to facilitate personalizing
the relevance of STEM topics by making connections to their
children’s specific interests. Although these are strengths of parent-
centered interventions, this does not guarantee that all parents will
effectively communicate the information to their children. More-
over, other types of interventions (e.g., student-centered interven-
tions) show great promise as well (17), and the most effective
method to improve students’ educational outcomes likely involves
careful intervention at multiple levels with students (e.g., parents,
teachers, peers) to leverage all available resources.
Finally, although we found that this intervention was equally

effective for both high and low socioeconomic status (SES) families
in our sample, we note that the intervention effect on ACT per-
formance was equivalent to about 50% of the SES gap on mathe-
matics and science test score performance. Given the low enrollment
rates of low SES groups in STEM courses (e.g., only 11.3% of low
SES students enroll in precalculus or calculus compared with 39.6%
of high SES students) (10) and general achievement gaps related to
SES (42), parent-centered utility-value interventions might be one
way to increase STEM course enrollment for underrepresented
groups and reduce persistent achievement gaps. In addition, because
STEM jobs are projected to grow in the future and often pay well (2,
3), interventions that increase representation of low SES groups in
STEM fields might help to reduce persistent unemployment and
income inequality gaps as well.
Although the current study showed initial evidence to support

this type of parent-centered intervention in helping to address
STEM pipeline problems, there are several limitations to this
study that should be addressed in future research. First, the sample
in this study was recruited in Wisconsin and may not be represen-
tative of the overall population in the United States. Other studies
have shown that utility-value interventions show similar effects for
individuals from diverse racial and SES groups (20, 21), and two-
generation interventions have been shown to be effective even in
very low SES populations (43), but future studies are needed to test
this type of parent-centered utility-value intervention in more di-
verse populations to show that the effects generalize to various
racial and SES groups. Second, the families in this study had been
part of an ongoing longitudinal study for many years, which might
have increased the level of engagement that parents had with in-
tervention materials. This means that parents in the current study
might have been more likely to use intervention materials than a
newly recruited group of parents would be because the parents in
this study were accustomed to participating in study activities.
Future studies should take this into account and ensure that
parents engage with intervention materials at high enough rates
to see similar gains in students’ outcomes. Third, although this
study involved 181 families and 543 total participants, including
parents and children in all of the families, future studies should
examine these effects in larger samples to demonstrate the
scalability of these results. One possibility would involve working
directly with school districts to engage parents in these activities
with their children.
Finally, although we found a direct effect of the intervention

on two indicators of STEM preparation (ACT scores and STEM
course-taking), we did not find direct effects on posthigh-school
STEM career pursuit. Instead, we found an indirect pathway: the
intervention improved high-school STEM preparation, which
predicted subsequent STEM career pursuit. One limitation of
such indirect effects is that they are correlational; thus, a third

variable could be responsible for this lasting effect instead of the
intervention. Nevertheless, an indirect effect is consistent with
our contention that the intervention had lasting effects on im-
portant STEM outcomes. An indirect effects analysis is powerful
because it moves further down the causal chain by testing the
more proximal effect of an initial mechanism (e.g., high-school
STEM preparation) on the distal outcome (e.g., STEM career
pursuit) (34, 37, 38, 44).
In conclusion, based on the findings from the current and

previous utility-value intervention studies (16, 39), there is
mounting evidence that promoting the relevance of STEM topics
for students is an effective method for increasing students’
STEM achievement, career pursuit, and motivation. In addition,
these interventions are cost-effective to implement; for example,
the parent-centered utility value intervention was comprised of
two informational brochures and access to a website. However,
recent recommendations from the US Congress and the De-
partment of Education make no mention of this psychological
perspective as a way to grow STEM education and alleviate the
“pipeline problem” (45). Instead, recommendations center on
increasing the budget for STEM classes and resources from
kindergarten through 12th grade. Although increasing STEM-
education funding will likely increase overall STEM preparation,
the body of research on STEM motivation in general—and on
utility-value interventions in particular—highlights the impor-
tance of targeting students’ psychological beliefs about STEM
topics as one pathway to promote further STEM engagement.
Overall, findings from the current study emphasize the value of
taking a psychological approach to the present STEM pipeline
problem.

Materials and Methods
Participants. The participating families were originally recruited from the
state of Wisconsin in 1990–1991 when mothers were pregnant with their
children as part of a longitudinal study with various aims over the years (see
SI Materials and Methods for additional information). The current sample
included 181 families (543 participants including parents and children) with
students who attended 108 different high schools, mostly remaining in the
state of Wisconsin. Participating students and parents provided written in-
formed assent and consent approved by the Institutional Review Board at
the University of Wisconsin–Madison. There were 100 students (47% female)
in the control group, and 81 students (48% female) in the intervention
group, and the racial breakdown of participants reflected the population of
Wisconsin in general (90% White) (46).

Procedure. The current study involved parents and students for a time period
of 5 y, starting when the students were in 10th grade in high school. Variables
of interest included students’ 10th grade standardized state test scores
(WKCE scores), students’ STEM course-taking during 11th and 12th grade of
high school, students’ mathematics and science ACT scores, and students’
survey responses 5 y after the beginning of 10th grade. The posthigh-school
survey assessed four self-reported outcome measures: STEM career aspira-
tions, college STEM course-taking, desired college major, and perceived
STEM value. Families were randomly assigned to the intervention or control
group, and intervention group parents were sent intervention materials
during 10th and 11th grade, whereas control group parents were sent no
materials. Specifically, parents in the intervention group received a brochure
in the fall of 10th grade, another brochure in January of 11th grade, and
access to a website in January of 11th grade. The brochures and websites
gave information about the utility of various STEM topics for adolescents,
encouragement to communicate this information, and advice about how
parents might most effectively communicate this information to their chil-
dren. A previous report showed that 86% of the parents (either mother,
father, or both) reported remembering and using the intervention mate-
rials, and 75% of the adolescents confirmed exposure to the intervention
materials from their parents, demonstrating a high degree of overall en-
gagement with the intervention (32). See SI Materials and Methods for
further details on intervention materials and measures.
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SI Materials and Methods
Participants. The families who participated in this randomized
controlled trial (32) have also participated in a larger, longitudinal
study since 1990–1991 (Wisconsin Study of Families and Work;
for recruitment details, see ref. 47). Median household income at
the time of recruitment was $50,000; in 1991, the median income
of married couple families in the United States with the wife in
the paid labor force was $48,169 (48). Therefore, our sample
matches the national figure well. Average years of parents’ ed-
ucation was 15.42 y (SD = 1.92) on a scale where 12 y was
equivalent to high-school graduation or GED completion. The
racial breakdown of the students reflected the state in which the
sample was recruited: 90% were White (not of Hispanic origin),
2% were African American, 1% were Native American, and 7%
were biracial or multiracial (46).
The original sample for the current study had 188 families in

108 different high schools, but seven students and their parents
were dropped from analyses because we did not receive a high-
school transcript for them. This lack of transcript occurred for a
variety of reasons, including a lack of consent and homeschooling
(32). Collection of the transcript did not vary by condition or
gender.

Intervention Materials. The intervention consisted of sending in-
tervention group parents two brochures in themail and also giving
them access to a password-protected website. The first set of
intervention materials consisted of a single brochure entitled,
“Making Connections: Helping Your Teen Find Value in
School,” sent to both parents when the students were in 10th
grade. Because prior research had shown that many parents did
not know why common topics in mathematics and science could
be useful or relevant (30), this brochure contained information
and examples about the usefulness of STEM topics in their
child’s life (e.g., calculating sales prices when shopping, mathe-
matics courses in high school as necessary for a variety of college
majors). It also encouraged parents to discuss these topics with
their child and provided them with strategies and advice about
how to communicate this information most effectively with their
child. The advice centered on involving children in generating
personally relevant examples.
A second set of intervention materials was sent in 11th grade to

both parents individually and included a second brochure enti-
tled, “Making Connections: Helping Your Teen with the Choices
Ahead,” as well as access to a password-protected website enti-
tled “Choices Ahead.” This brochure gave additional examples
of how STEM topics were relevant in everyday life and also in-
cluded a greater focus on how STEM topics were important for a
variety of careers and majors in college. There were also addi-
tional tips and encouragement given to parents about the ways in
which they could communicate this information effectively to
their child. More specifically, there were three overarching sec-
tions in this brochure: (i) information on specific occupations in
mathematics, physics, biology, and chemistry, as well as how
individuals in these fields used mathematics and science in their
everyday activities; (ii) separate sections on the relevance of
STEM topics for everyday activities, adult life more generally,
and college and career planning in particular; and (iii) in-
formation on ways to overcome challenges in communicating
this information to the child (e.g., parents were asked to first find
connections with mathematics and science in their own lives and
then help their child discover examples specific to their lives).

The website contained extensive information related to the
relevance of mathematics and science for college and career
planning. It also offered parents the opportunity to send specific
links from the website to their students via email. The information
on the website was broken up into four sections. The precollege
planning section included specific pages for both the parent and
student, and each page provided links and information on web-
sites where students could find more career and college planning
information (e.g., a link to a website that focused on finding the
right college, a link to a website that allowed one to search a
database of potential careers). The next section included in-
formation on the preparation needed to obtain a career in bi-
ology, chemistry, physics, and mathematics, with more clickable
links specific to those fields. The third section provided parents
and students with career information on four career domains in
particular: biology and chemistry, healthcare (medicine, nursing,
and veterinary), physics and engineering, and mathematics and
architecture. Finally, the last section included more information
on mathematics and science in one’s everyday life as well as
testimonials from students at University of Wisconsin–Madison
detailing how their mathematics and science preparation in high
school has been important for their college trajectories (e.g.,
“Although I did not particularly care for math or science in high
school, once I got to college, I was so glad that I opted to take
advanced level courses in each. I didn’t realize at the time how
much a strong background in math and science would help me
with the required courses for my major, like zoology and statis-
tics. Math and science classes weren’t the most interesting to me,
but they very well may have been the most useful, and I probably
would have struggled through many college courses had I de-
cided only to take the minimum level of math and science re-
quired for graduation.”).

Measures. Student’s’ transcripts were collected after graduation,
as previously reported (32), and we also collected students’
WKCE and ACT scores from school records for the current
study. Another set of measures was collected through a survey
given during the summer 2 y after students’ senior years of high
school. The proportion of missing data for the variables de-
scribed below did not significantly differ by experimental
condition.
11th and 12th grade STEM courses-taking. High-school transcripts
were collected (control: male n = 53, female n = 47; intervention:
male n = 42, female n = 39) and coded for number of semester of
mathematics and science taken in 11th and 12th grade (mean =
7.85; SD = 2.57; response rate: 100%).
Mathematics and science ACT score. ACT scores were collected
through official high-school records from the students, and the
mathematics and science ACT scores were averaged to create a
composite mathematics and science ACT score measure (mean =
24.55; SD = 4.39; response rate: 71%).
College STEM course-taking. Mathematics and science college
course-taking was assessed by asking students 2 y after their senior
year of high school how many science and mathematics courses
they had taken so far in college. A composite measure of college
STEM course-taking was created by summing the two variables
(mean = 5.86; SD = 3.87; response rate: 68%).
STEM career aspirations. Two years after students’ senior year of
high school, students responded to an open-ended question
asking what career they envisioned themselves having at age 30.
Responses to this open-ended question were matched to careers
using the O*NET OnLine career coding system, which is sponsored
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by the US Department of Labor, Employment, and Training. The
O*NET OnLine website (www.onetcenter.org/overview.html) offers
scores, referred to as knowledge values, for mathematics (mean =
55.25; SD = 18.37), physics (mean = 23.00; SD = 21.52), chemistry
(mean = 25.33; SD = 22.16), biology (mean = 31.97; SD = 29.93),
and engineering and technology (mean = 27.72; SD = 24.23) on a
scale from 0 to 100 for each career. A higher score on a knowledge
value indicates that a higher level of knowledge in that topic is
needed for that career. For example, a career as a civil engineer
would have higher scores on the five knowledge values compared
with a career as a lawyer. Once careers were matched to a career on
the O*NET online website, the highest of five knowledge values
was used for each student to create the STEM career aspirations
measure (mean = 61.70; SD = 20.90; response rate: 65%).
College STEM major. Two years after students’ senior year of high
school, students were also asked to report their major using an
open-ended question. The majors were coded as a STEM major
or a non-STEM major using two independent observers, and
disagreements were resolved by an independent third coder
(40.17% STEM majors; response rate: 65%).
Perceived STEM value. Students’ STEM value (M = 5.50; SD =
1.50) was assessed 2 y after students’ senior year of high school
with three items measured on a 1 (strongly disagree) to 7 (strongly
agree) scale that asked about the students’ perceptions of the im-
portance of mathematics and science in general, as well as in their
future career and classes (“Math and science are important for my
future”; “I will use math and science in my job or career”; “I
want to take more math and science classes in the future.” α =
0.91; response rate: 73%).
Perceived parental STEM support. Perceived parental STEM support
(mean = 5.93; SD = 1.01) 2 y after students’ senior year of high
school was assessed using three items measured on a 1 (strongly
disagree) and 7 (strongly agree) scale that asked about how
much students’ parents valued and encouraged mathematics and
science topics and courses (“My parents think math and science
are important for my life”; “My parents encouraged me to take
math and science courses”; “My parents have encouraged me to
do well in my math and science courses.” α =0.84; response rate:
73%). This variable was used to assess if students in our in-
tervention group viewed their parents as being more supportive
of their STEM career pursuit than students in the control con-
dition. Because this was not a primary student variable of in-
terest, we only reported analyses on this variable in SI Results.
Parents’ education level. Both parents reported on the number of
years of education they received. Twelve years was equivalent to a
high-school graduate, 16 y was equivalent to a 4-y college graduate,
and greater than 16 y indicates some amount of graduate school.
Mothers (mean = 15.42; SD = 2.10) and fathers (mean = 15.42;
SD = 2.41) reported generally similar levels of education on
average. A variable of parents’ average years of education was
created by averaging the two variables (mean = 15.42; SD = 1.92;
response rate: 100%).
Preintervention standardized test scores.We collected Wisconsin 10th
grade state mathematics and science standardized test scores
(WKCE scores) from students’ high-school records to have a
preintervention measure of students’ performance. The test was
given in the fall of 10th grade, before the intervention. Students who
attended private schools or out-of-state schools did not take Wis-
consin state tests. A composite of students’ WKCE mathematics
and science test scores (mean = 533.74; SD = 36.10; response rate:
60%) was created by averaging across their mathematics and sci-
ence subscale scores. As reported in the main text, there was not a
significant difference between intervention and control group stu-
dents on WKCE mathematics and science test scores.

SI Results
Variance Explained in Main Structural Equation Model. The main
model of interest in the paper (all predictors included and allowed

to predict all subsequent variables in the model) accounted for
9.1% of the variance for 11th and 12th grade mathematics and
science course-taking, 25.0% of mathematics and science ACT
score, 9.0% of students’ college STEM value, 31.9% of college
STEM course-taking, 13.5% of STEM career aspirations, and
11.3% of college STEM major choice.

Regression Analyses on ACT Scores. We conducted two additional
regressions to address concerns about randomization. In the first
regression, we tested whether the intervention affected mathe-
matics and science ACT score, as we do in the main model in the
paper, which involved regressing mathematics and science ACT
score on the seven base predictors (intervention, students’ gen-
der, parents’ education level, and the interactions between those
variables). In the next regression, we ran the same model on the
same dependent variable, but we included students’ preintervention
mathematics and science test score measure in the analysis, which
controlled for preintervention competence. When controlling for
prior performance, there was a significant effect of the intervention
on mathematics and science ACT score (z = 3.61, β = 0.20, P <
0.001), consistent with the analysis without controlling for prior
performance (z = 2.45, β = 0.19, P < 0.05). Full results from these
two regressions are reported in Table S3. From these analyses, the
intervention has a consistent and significant positive effect on stu-
dents’ mathematics and science ACT scores.

Supplemental Structural Equation Model, Including Perceived
Parental STEM Support. For this analysis, we estimated an identi-
cal model to the model described in the main text, except that we
also included perceived parental STEM support as a posthigh-
school outcome along with perceived STEM value, college STEM
course-taking, STEM career aspirations, and college STEM
major. The purpose of this analysis was to examine whether the
intervention had a long-term effect on students’ perceptions of
the amount of encouragement and support they had from their
parents to pursue STEM careers, even years after the intervention.
Brief, theory-based interventions are hypothesized to work via re-
cursive processes, whereby a change in attitude helps to change
behavior, which in turn supports the initial change in attitude (34).
Here, we are able to test for part of this recursive process by ex-
amining the long-term effect of the intervention on students’ per-
ceptions of how supportive and encouraging their parents are about
STEM. Given the important roles that parents’ perceived attitudes
have in students’ motivation (27, 33), it is useful to know if this
parent-delivered intervention affected students’ long-term percep-
tions of their parents’ attitudes in addition to their own STEM at-
titudes and behaviors. Overall, although this was not a primary
dependent variable of interest, it does speak to how a parent-cen-
tered intervention might have lasting effects on how students feel
supported by their parents in STEM domains long after the initial
interactions that were encouraged by the intervention.
As with the primary model, this model is saturated, so there are

not interpretable indices of model fit. All significant effects from
the model reported in the main text remained significant in this
supplemental model. New tests showed that mathematics and
science ACT score was a significant predictor of perceived pa-
rental STEM support (z = 3.47, β = 0.38, P < 0.001), such that
students with higher mathematics and science ACT scores
reported greater levels of perceived parental STEM support.
Additionally, there was a significant indirect effect of the in-
tervention on perceived parental STEM support through high-
school STEM course-taking and ACT scores (z = 2.13, P < 0.05).
In all, the model explained 16.4% of the variance in perceived
parental STEM support. Thus, this finding supports the recursive
process theory of psychological interventions by demonstrating
that the intervention affected perceptions of parental STEM
support 5 y after the intervention through effects on high-school
STEM course-taking and ACT scores.
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Table S1. Zero-order correlations and descriptive statistics for major study variables

Variable 1 2 3 4 5 6 7 8

1. Parental education —

2. 11th and 12th grade mathematics and science
course-taking (semesters)

0.22** —

3. Mathematics and science ACT score 0.38*** 0.30** —

4. Perceived STEM value 0.00 0.23** 0.20* —

5. College STEM course-taking (semesters) 0.29* 0.43*** 0.39** 0.49*** —

6. STEM career aspirations 0.06 0.34*** 0.20 0.60*** 0.47*** —

7. College STEM major 0.11 0.30** 0.15 0.55*** 0.48*** 0.56*** —

8. Perceived parental STEM support 0.13 0.12 0.31** 0.53*** 0.28** 0.34*** 0.30*** —

Mean 15.42 7.85 24.55 5.50 5.86 61.70 — 5.93
SD 1.92 2.57 4.39 1.50 3.87 20.90 — 1.01

*P < 0.05, **P < 0.01, ***P < 0.001. UV, utility value. Mean and SD are not reported for students’ college STEM major (40% STEM major and 60% non-STEM
major) because it is a dichotomous measure with 1 indicating STEM major and 0 indicating not a STEM major.

Table S2. Summary of significant parameter estimates for direct and
indirect effects for the model

Parameter z β

Direct effects
11th & 12th grade mathematics and science course-taking
Intervention 2.22* 0.16
Parental education 3.13** 0.23

Mathematics and science ACT score
Intervention 2.46* 0.19
Parental education 4.92*** 0.42

Perceived STEM value (after high school)
11th and 12th grade mathematics and science course-taking 2.29* 0.22

College STEM course-taking
11th and 12th grade mathematics and science course-taking 3.77*** 0.34
Mathematics and science ACT score 2.36* 0.26

STEM career aspirations (after high school)
11th and 12th grade mathematics and science course-taking 3.13** 0.30

College STEM major
11th and 12th grade mathematics and science course-taking 2.82** 0.29

Indirect effects
Intervention → College STEM course-taking 2.54* —

Intervention → Student’s’ STEM value 2.15* —

Intervention → STEM career aspirations 2.19* —

*P < 0.05, **P < 0.01, ***P < 0.001.

Table S3. Unstandardized βs and SEs for regressions on ACT scores

Predictor Math and science ACT Math and science ACT

Intervention 0.88* (0.36) 0.92*** (0.25)
Parental education 1.70*** (0.40) 0.53 (0.30)
Gender 0.13 (0.36) −0.17 (0.26)
Intervention × Gender 0.27 (0.36) 0.05 (0.26)
Intervention × Parental education −0.40 (0.40) −0.01 (0.29)
Parental education × Gender 0.35 (0.40) −0.04 (0.29)
Intervention × Parental education × Gender −0.58 (0.40) 0.02 (0.29)
Preintervention test scores 0.10*** (0.01)

*P < 0.05, **P < 0.01, ***P < 0.001. Each column is a single multiple regression. Column headers are the
outcomes for each multiple regression, and the left hand column includes the predictors for each re-
gression. Unstandardized coefficients and SEs are reported for each predictor (SEs are reported in paren-
theses). Preintervention standardized test scores are only included in the second analysis. Gender is coded
as +1 for male and −1 for female.

Rozek et al. www.pnas.org/cgi/content/short/1607386114 3 of 4

www.pnas.org/cgi/content/short/1607386114


Table S4. Unstandardized betas and SEs for direct effects on posthigh-school outcomes in a
structural equation model without high-school STEM preparation variables

Predictor
College STEM
course-taking

Student’s’
STEM value

College
STEM major

STEM career
aspirations

Intervention 0.02 (0.35) −0.02 (0.13) 0.00 (0.05) 1.70 (1.90)
Parental education 1.12** (0.36) 0.00 (0.14) 0.05 (0.05) 1.11 (1.99)
Gender −0.11 (0.35) 0.10 (0.13) 0.00 (0.05) 0.14 (1.90)
Intervention × Gender −0.16 (0.35) −0.04 (0.13) 0.02 (0.05) 0.06 (1.90)
Intervention × Parental education 0.23 (0.36) −0.01 (0.14) 0.00 (0.05) 0.80 (1.99)
Parental education × Gender 0.59 (0.36) 0.13 (0.14) 0.00 (0.05) 0.27 (1.99)
Intervention × Parental education × Gender 0.16 (0.36) 0.06 (0.14) −0.04 (0.05) −0.59 (1.99)

*P < 0.05, **P < 0.01, ***P < 0.001. Each column is the unstandardized direct effects on each posthigh-school
outcome in a model without high-school STEM preparation variables (i.e., mathematics and science ACT score
and high school STEM course-taking). Column headers are the posthigh-school outcomes, and the left hand
column lists the predictors in our model. SEs are reported in parentheses. Gender is coded as +1 for male and −1
for female.
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