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Hello and Welcome!
My name is Kari Roberts, and I have the pleasure of presenting my group’s work today. A big thank you to
my group members, Boeun Choi, Jordan Mantha, Rachel Part, Hayley Spencer, and Jerry Whitmore, Jr. who
each made a unique and substantial contribution to the project.
We were grouped together during the NCES Data Institute in 2019 due to our shared interest in research
topics related to STEM persistence. For our project, we decided to look specifically at the role of high school
math and science beliefs, and their connections to future degree interest and attainment.
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Research Question
Are individual self-efficacy, utility value, identity, and interest in future courses
of high school students predictive of intention to major in a STEM field and
STEM degree attainment?

High School

Postsecondary outcomes
Major in a STEM field

Selfefficacy

Value
beliefs

STEM degree attainment

The overarching research question for our project was “are individual self-efficacy, utility value beliefs,
identity, and interest in future courses of high school students predictive of an intention to major in a STEM
field, and ultimately STEM degree attainment?”
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Summary of Literature Review
The Problem

National call to increase the number of
students pursing and obtaining STEM
degrees
To address this issue, prior research has
examined:
• the role of high school academic achievement (Bong,
2001; Durik, Vida, & Eccles, 2006; Hulleman, Godes, Hendricks, & Harackiewicz, 2010)

• course exposure (Maltese & Tai, 2011; Wang, 2013)
• participation in out-of-school programs (Trusty, 2002; Tyson
et al., 2007)

• student characteristics on interest formation (Mau, 2003;
Mau & Bikos, 2000)

Our study focuses specifically on the role
of identity, self-efficacy, utility value, and
interest from high school through college,
using expectancy-value theory (EVT) as a
conceptual framework.
EVT posits that individuals’
expectations of success in a
task and their task value
directly influence their
behavior, and ultimately the
outcome of a task
Wigfield & Eccles, 2000

task = domain

Our research question was driven by the national push to increase the number of students pursuing and
obtaining STEM degrees. Previous studies have examined the impact of high school academic achievement,
course exposure, participation in out-of-school programs, and student characteristics on long-term STEM
interest and degree attainment.
Our study focuses on the role of science and math identity, self-efficacy, utility value, and interest in the longterm development of interest in STEM fields.
The conceptual framework guiding our study was Eccle’s Expectancy Value Theory, or EVT.
The core concept of EVT is that individual’s expectations of success in a given task and their value of that task
shapes their behavior and ultimate outcome of the task. For our study, the “task” of interest is the pursuit of
a STEM domain.
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Analyses Conducted
• Data set: High School Longitudinal Study of 2009 (HSLS:09)
• Method of Analysis: Two Phases
• Single time point logistic regression models – 9th grade
• NCES DataLab – PowerStats
• Structural equation modeling for longitudinal analysis – 9th & 11th grade
• MPlus

Our study used data from the High School Longitudinal Study of 2009. We had two phases of analyses. The
first phase used logistic regression to examine the impact of ninth grade characteristics on individual’s
consideration of a STEM major in college, and completion of a STEM degree. Phase 1 analyses were
conducted within NCES’s PowerStats environment.
Phase 2 analyses leveraged longitudinal structural equation modeling, which included two time points prior
to college entry and completion, 9th grade and 11th grade. Phase two analyses used publicly available data
downloaded into Mplus to conduct the analyses.
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Phase 1: Single Time Point Analysis Results
• Logistic Regression Model Specification

Demographic Characteristics
•
•
•
•

Gender
Race
Parents' Highest Degree
Socio-economic Status
Course Interest

• Fall 2009 Math Course
• Fall 2009 Science Course

9th Grade (2009)
Math and Science Perceptions
• Math identity
• Math utility
• Math self-efficacy
• Science identity

STEM Outcomes
• Major considering upon
postsecondary entry in an
NSF STEM field
• STEM degree completion by
Feb. 2016

• Science utility
• Science self-efficacy

The phase one analyses included two logistic regression models, one predicting students’ consideration of a
STEM major and on predicting the completion of a STEM degree
Both models included demographic characteristics, interest in 9th grade math and science courses, and math
and science identity, self-efficacy, and utility.
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26.0% more likely* to pursue a
STEM major when students
perceive higher science identity
in 9th grade

29.7% more likely* to pursue a
STEM major when students
perceive higher math identity in
9th grade

African American students are
27.8% less likely to pursue a STEM
major
Students whose parents have
degree beyond Bachelor’s are
30.4% more likely to pursue a
STEM major

First up, we have the model predicting students’ consideration of a STEM major. The results here show
which factors significantly predict a student’s likelihood to be considering a STEM major in college in the 11th
grade.
We found that students with higher math and science identity in the 9th grade were significantly more likely
to be considering a STEM major.
Additionally, we found that African American students were overall less likely to be considering a STEM
major, and students with parents who held advanced degrees were more likely to be considering a STEM
major.
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18.2% less likely* to
complete a STEM degree
when students perceive
higher science self-efficacy
in 9th grade

Students whose parents have
education beyond a bachelor’s
degree are 65.3% less likely to
complete a STEM degree

Students whose parents have
education Bachelor’s degree are
55.4% less likely to complete a
STEM degree

Taking a step forward in time, the second model examined the impacts of these same characteristics in
predicting whether or not students would go on to actually complete a STEM degree.
Of the identity and value beliefs variables, only 9th grade science self-efficacy was a significant predictor, and
unlike in the first model, it was a negative predictor. So students with higher 9th grade science self-efficacy
were actually less likely, by about 18%, to complete a STEM degree.
Of the demographic characteristics, we can see that students whose parents had a bachelor’s degree or
higher were significantly less likely to complete STEM degrees.
After this first phase of our analyses, the impacts of math and science self-efficacy were not clear, and their
impacts appeared to shift and change over time. In order to better represent the complex nature of these
concepts and their inter-relatedness, we decided to develop and test a longitudinal structural equation
model.
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Phase 2: Longitudinal Analysis Results
Interest Fall
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Math utility
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Science
identity

Science utility
value

Science utility
value

Science selfefficacy

Interest Fall
Science course

Considering
postsecondary
STEM major
Obtained STEM
degree

Science selfefficacy
9th Grade

11th Grade

College

Here is the full model that we estimated using publicly available HSLS:09 data. It is a complex model, but the
important things to note are that we allowed all of our identity and value belief variables to interact, and

This model is informed by expectancyvalue theory, which suggests that all of these constructs interact
across time to inform postsecondary outcomes, so that is what
this model captures.
modeled these interactions longitudinally.

Our model estimated all of the paths, shown here as the lines
between the constructions.
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Phase 2: Longitudinal Analysis Results
Interest Fall
Math course

Interest Fall
Math course
Interest Fall
Science course

Interest Fall
Science course

Math identity

Math identity

Math utility
value

Math utility
value

Math selfefficacy

Math selfefficacy

Science
identity

Science
identity

Science
utility value

Science
utility value

Science selfefficacy

Science selfefficacy
9th Grade

Considering
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This diagram shows which of the paths shown on the last slide were significant after the model was
estimated. This still leaves us with a pretty complex model of the interactions of all these key concepts. I’m
going to pull out a few of the findings from this model that give us helpful insight on how these concepts
interact and change longitudinally.

this model was run as
a singular model where all of these effects are captured
simultaneously, meaning that every finding occurs with respect to
all other effects estimated in the model.
One thing to note as we move into discussing the results of this model,

Page 9

Phase 2: Longitudinal Analysis Results
Finding #1 – Self- Efficacy
• Within 9th and within 11th grade, self-efficacy is positively related to
interest in future course taking only within domain
• Across time, both math and science self-efficacy are negatively related
to interest in future math and science courses

*only significant paths displayed

Interest Fall
Math course

Math
selfefficacy

Interest Fall
Math course

Interest Fall
Science
course

Interest Fall
Science
course

Math
selfefficacy

Science
selfefficacy

Science
selfefficacy
9th Grade

11th Grade

For each of the sub-findings we are going to discuss today, we have included a smaller subset diagram which
shows the relevant paths to the findings. Just a note, these paths were not modeled independently, but have
been pulled out of the larger model we just saw on the previous two slides.

So first, you can see here that we can observe positive effects of
math self-efficacy on interest in future math courses and positive
effects of science efficacy on future science courses within both
9th grade and 11th grade.
Interestingly, across time from 9th grade to 11th grade, we see that
these effects from self-efficacy to interest are now negative across
both math and science, which is indicted by the dashed lines.
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Phase 2: Longitudinal Analysis Results

*only significant paths displayed

Interest Fall
Math course

Math
Math
selfidentity
efficacy

Interest Fall
Math course

Interest Fall
Science
course

Finding #1 – Self- Efficacy
• Within 9th and within 11th grade, self-efficacy is positively related to interest in
future course taking only within domain
• Across time, both math and science self-efficacy are negatively related to
interest in future math and science courses
Finding #2 – Identity
• Within 9th and 11th grade, identity is positively related to interest in future
course taking within domain, but not across domains
• Interestingly, while 9th grade interest in future course taking is positively
associated with 11th grade identity within discipline, 9th grade identity is
negatively associated with 11th grade interest in future course taking within
discipline.
Interest Fall
Science
course

Math
Math
selfidentity
efficacy

Science
Science
selfidentity
efficacy

Science
Science
selfidentity
efficacy
9th Grade

11th Grade

In our next set of findings, as you can see here, again in the
bottom left, we can observe there are positive effects of math
identity on interest in future math courses and positive effects of
science identity on interest in future science courses within both
9th grade and 11th grade.
As we move forward to look across time, we see that interest in
future math or science courses is positively related to future
identity within that domain, meaning that greater interest in
future courses in 9th grade is positively related to higher
perceptions of identity in that same domain (math or science) in
11th grade. BUT, and this is really interesting, we see that identity
in 9th grade is negatively related to interest in future math taking
in 11th grade, indicating that lower perceptions of identity in 9th
grade in math or science can still lead to positive future interest in
the respective domain.
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Phase 2: Longitudinal Analysis Results

*only significant paths displayed

Interest Fall
Math course

Math
Math
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efficacy
value

Interest Fall
Math course
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course
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Math
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Science
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Science
Science
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Finding #1 – Self- Efficacy
• Within 9th and within 11th grade, self-efficacy is positively related to interest in
future course taking only within domain
• Across time, both math and science self-efficacy are negatively related to
interest in future math and science courses
Finding #2 – Identity
• Within 9th and 11th grade, identity is positively related to interest in future
course taking within domain, but not across domains
• Interestingly, while 9th grade interest in future course taking is positively
associated with 11th grade identity within discipline, 9th grade identity is
negatively associated with 11th grade interest in future course taking within
discipline.
Finding #3 – Value & Interest
Interest Fall
• Within 9th and 11th grade, utility value is positively related to
Science
interest in future course taking within domain
course
• Across time, only science value is positively
Considering
related to interest in both future math and
postsecondary
science course taking
STEM major
• Likewise, only 11th grade science value and
interest in science course taking were
Obtained STEM
positively associated with consideration
degree
and attainment of a STEM degree
College

Moving on to our last set of findings, we see that utility value is
positively related to interest in future course taking within math
or science, and that in 9th grade, we can also observe positive
effects of science value on interest in future math courses.

Across time from 9th grade to 11th grade, we see that only science
value is important. Science value is positively related to interest in
both future math and science course taking.
Finally, we see that, once again, only 11th grade science value and
interest in science course taking was positively associated with
both consideration and attainment of a STEM degree.
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Phase 2: Longitudinal Analysis Results
Big Picture
• Across time, self-efficacy decreases
as the content of advanced courses
increases in difficulty or novelty,
but, notably, student interest is
sustained.
• When interest and perceived value
are positive, students may perceive a
deeper sense of meaningfulness
and persist in those domains.
• From high school through college,
individual self-perceptions
are increasingly separable across
the math and science domains.

Finding #1 – Self- Efficacy
• Within 9th and within 11th grade, self-efficacy is positively related to interest in
future course taking only within domain
• Across time, both math and science self-efficacy are negatively related to
interest in future math and science courses
Finding #2 – Identity
• Within 9th and 11th grade, identity is positively related to interest in future
course taking within domain, but not across domains
• Interestingly, while 9th grade interest in future course taking is positively
associated with 11th grade identity within discipline, 9th grade identity is
negatively associated with 11th grade interest in future course taking within
discipline.
Finding #3 – Value & Interest
• Within 9th and 11th grade, utility value is positively related to interest in future
course taking within domain
• Across time, only science value is positively related to interest in both future
math and science course taking
• Likewise, only 11th grade science value and interest in science course taking
were positively associated with consideration and attainment of a STEM
degree

So here are the big takeaways from this analysis. We see that
across time, self-efficacy decreases as the content of
advanced courses increases in difficulty or novelty, but, what’s
really interesting is that student interest is sustained. So even
though students might not feel as good about their ability in these
domains across time, they’re still interested in these domains.
We also see that when interest and perceived value are both
positive, students may perceive a deeper sense of meaningfulness
because they continue to persist in those domains.

And lastly, as we look from high school through college, we see
that individual self-perceptions become increasingly separable
across the math and science domains, meaning that as students
progress through high school and college, their beliefs about
themselves in math stop significantly impacting their beliefs about
themselves in science and vice versa. We think that this finding is
particularly interesting because it suggests that students don’t
necessarily see how science and math require some of the same
skills, that you can be a “science person”, without having positive
beliefs about your math ability or value for math. So we think that
this finding is interesting especially when we think of “STEM,”
13

where as this acronym suggests, science, technology,
engineering, and math are similar enough that we talk
about them as integrated, but students don’t necessarily
perceive it that way.
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Conclusion
Project 2061
(Benchmarks for
Science Literacy;
1993) – required
science knowledge
students must have by 2nd,
5th, 8th, and 12th grade

American
Competitiveness
Initiative
(2006/2007) – an
initiative by George W.
Bush with a $136 billion
commitment to science &
technology

Next
Generation
Science
Standards
(2013) – science
standards are
rewritten

What do our findings mean within the scope
of STEM education policy?
In order to build increased STEM literacy and
stem the “leaky pipeline,” we need to create
opportunities for success and positive
engagement, and integrate STEM curricula

early (and maintain integration through
secondary and postsecondary education)

The Math and Science
Partnership Program (2002-2005)
– under NCLB; aimed at increasing
professional development, resources, and
funding for math and science teacher

America COMPETES
Reauthorization Act
(2010) – renewed commitment to the
American Competitive Initiative

Charting a Course for Success: America’s
Strategy for STEM Education
(Dec. 2018) – (1) Lifelong access to STEM education; (2)
increase STEM literacy; (3) increase diversity in STEM; (4)
prepare the STEM workforce

To situate our findings within a larger context, given the history of federal policy related to STEM education,
our findings seem to indicate that in order to build increased STEM literacy and to help stem the “leaky
pipeline,” we need to create opportunities for students to have successful and positive engagement in STEM
education, and we need to integrate the various STEM curricula early in students’ educational journeys, and
maintain this integration through secondary and postsecondary education.
And with that, I think I will turn it over to the Q&A portion of the talk today.
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Thank you!
Any Questions?
•
•
•
•
•
•

Boeun Choi | bchoi35@wisc.edu
Jordan Mantha | jhmantha@mnu.edu
Rachel Part | rachel.part@unlv.edu
Kari Roberts | kari.roberts@magnet.fsu.edu
Hayley Spencer | has17@my.fsu.edu
Jerry Whitmore Jr. | whitmore@bu.edu
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