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Editorial on the Research Topic

New developments in pathways toward diversity and inclusion in
STEM: A United States perspective

Introduction

This volume was assembled to honor the Louis Stokes Alliances for Minority
Participation (LSAMP) program of the US National Science Foundation on its 30th
anniversary. LSAMP has been markedly increasing the success and graduation of
underrepresented minority students in STEM for 30 years, establishing new and effective
practices for diversity, equity and inclusion (Clewell et al., 2005, 2006; Hicks, 2007).
LSAMP began in 1991 as the Alliances for Minority Participation (AMP) as a much
smaller program [National Science Foundation (NSF), 2018a] with the goal of increasing
the success and graduation of African-Americans, Hispanic and Latino Americans,
Native Americans, Alaska Natives, Native Hawaiians, and Native Pacific Islanders with
Bachelor’s degrees in STEM disciplines.

The program grew over the years adding the name Louis Stokes in 1999 in honor of
the US Congressman who championed diversity, education and the AMP program. As
the program grew, the Bridges to the Doctorate activity was added in 2003, to increase
the success and graduation of LSAMP students from graduate programs. The Bridges
to the Baccalaureate project was added in 2013. The main goal of this project is to
increase the transfer success of underrepresented minority students from community
college to 4-year STEM degree programs and graduation with a STEM bachelor’s degree.
The Centers of Excellence (later Regional Centers of Excellence) project was also added
in 2011 [National Science Foundation (NSF), 2018b]. The main goal of these centers is to
increase production and dissemination of scholarly broadening participation research.
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There are currently 57 LSAMP alliances composed of more
than 650 public and private colleges, community colleges,
universities, flagship universities, and other institutions across
the United States. In addition, there are nine regional centers
of excellence. As a program, LSAMP is responsible for more
than 650,000 bachelor’s degrees for underrepresented minority
students in STEM, to date [National Science Foundation (NSF),
2018c]. LSAMP was largely an implementation program until
2016 when a research component became required. The results
of the studies of these programs and their findings are now ready
for publication.

The basic element of the LSAMP program is the alliance
which is a collaborating group of colleges, universities and other
institutions. For 30 years, alliances of the LSAMP program
have been developing, testing and collecting data on successful
activities. Since 2016, social scientists, education specialists
and other researchers have been rigorously studying the best
practices of LSAMP as part of a new initiative and many studies
have matured to publication. The goal of this special publication
was to collect these excellent studies in a single comprehensive
volume. By having the LSAMP studies in one place, researchers
from around the world have a single reference to consult.

The Collection

This Research Topic contains 20 articles celebrating the
impact of LSAMP and is centered around several main themes.
The most common of these themes is transferring of LSAMP
scholars from 2-year to 4-year programs or high school to
college and the programs to support their transitions. The
articles in this theme describe individual efforts with different
examples, but they use unique methods to support transfers and
their persistence in the new institutions. Sansing-Helton et al.
elucidate the problems encountered in transfer from 2- to 4-
year schools and report on the benefits of their Inspire program
in Wisconsin. San Miguel and Gates describe a 2-year to 4-
year transfer approach between two consortia, one composed
of community colleges and the other of 4-year universities,
that yields synergistic results in New Jersey. Gibson et al.
described a hybrid but comprehensive transition program to
help high school students enter college and community college
students transfer to 4-year programs in Virginia. This study
is one of several papers on summer experiences to prepare
underrepresented minority students for the challenges of 4-year
college programs. Ghazzawi et al. describe the long-term impacts
of a focused summer bridge program on underrepresented
minority students in STEM. Birkes et al. present an exploratory
and descriptive study of a promising transfer bridge program
from 2- to 4-year institutions in Georgia. The final article
in this thematic group is by Barth et al. and it investigates
the variability in summer bridge programs from high school
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to college in Alabama in terms of feelings of belonging and
STEM self-efficacy.

Another major theme of the collection is the impacts
and benefits of mentoring on the success of underrepresented
minority students in STEM. The article by Markle et al. is a
review of the benefits of structured mentoring on the success of
underrepresented minority students in STEM. Kuchynka et al.
describe the benefits of two mentorship and active learning
interventions on high school and community college students in
New Jersey. Beals et al. describe the benefits of an intensive peer
and socio-emotional mentoring model for community college
students and the development of a mentoring chain.

A third area of focus of the collection is the beneficial
effect of undergraduate research experiences in both short
and long-term. Research experiences are considered a best
practice of the LSAMP program and, as a result, they
are widely implemented. Several of the articles report on
the benefits of international research experiences. One such
article is by Benjamin et al. that describe the impact of the
integration of international collaborative research experiences
for underrepresented minority STEM faculty, students and
graduates. It also credits the professional growth to the LS AMP
Regional Center of Excellence that fosters these valuable
experiences. Davis et al. document improvements in science
identity, research competencies, and intercultural competence of
LSAMP students international research experiences. Preuss et al.
(B) document the quantitative benefits of international research
experiences over a 14-year period at the Texas A&M LSAMP.
Domestic research projects are also beneficial. For example,
Betz et al. show the benefits of an 8-week research immersion
summer program on transfer readiness of community college
graduates who will attend Kansas State University the following
semester. Preuss et al. (A) also describe the long term effects of
undergraduate research at the Texas A&M LSAMP.

The other focus of the collection is on behavioral and social
psychology research, models and techniques on improving and
evaluating the success of LSAMP students. The article by Moreu
et al. provide a review and techniques to develop a climate
survey that allows researchers and practitioners to identify the
methods to change learning climate. Similarly, Hargraves et al.
provide the theory, development and testing of a new survey tool
to evaluate the effectiveness of the LSAMP initiatives as tested
in the Virginia-North Carolina LSAMP. The article by Garcia
et al. describes the organizational brokerage theory and social
capital needed by LSAMP scholars to succeed. The final article
in this group may fit in another grouping. Miller et al. report on
techniques and outcomes in a project using active learning to
improve math scores in the emerging scholars program at West
Virginia University.

Additionally, there are two articles on the impact of the
COVID-19 pandemic and how it disproportionally impacted
underrepresented minority communities in Illinois. These are
very timely with regard to current events. The first paper is
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by Botanga et al. and investigates the role of systemic racism
in dealing with the pandemic. The second paper is by Morgan
et al. and it directly investigates the disproportionate impact of
COVID on minority communities and how it is being dealt with.
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Millions of dollars each year are invested in intervention programs to broaden participation
and improve bachelor degree graduation rates of students enrolled in science, technology,
engineering, and mathematics (STEM) disciplines. The Virginia—North Carolina Louis
Stokes Alliance for Minority Participation (VA-NC Alliance), a consortium of 11 higher
education institutions and one federal laboratory funded by the National Science
Foundation (NSF), is one such investment., The VA-NC Alliance partners implement
evidence-based STEM intervention programs (SIPs) informed by research and
specifically designed to increase student retention and graduation rates in STEM
majors. The VA-NC Alliance is conducting an Alliance-wide longitudinal research
project based in Social Cognitive Career Theory (SCCT) titled “What's Your
STEMspiration?” The goal of the research project is to assess the differentiated
impacts and effectiveness of the Alliance’s broadening participation efforts and identify
emergent patterns, adding to the field of knowledge about culturally responsive SIPs. In
other words, “What’s Your STEMspiration?” explores what influences and inspires
undergraduates to pursue a STEM degree and career; and how does the
development of a STEM identity support students in achieving their goals. In order to
complete this research, the research team developed a survey instrument to conduct the
quantitative portion of the study. Two preliminary studies, statistical analysis, and cognitive
interviews were used to develop and validate the survey instrument. This paper discusses
the theoretical and conceptual frameworks and preliminary studies upon which the survey
is built, the methodology used to validate the instrument, and the resulting final survey tool.

Keywords: STEM identity, self-efficacy, outcome expectations, survey instrument validation, cognitive interviews,
social cognitive career theory

INTRODUCTION

A 2015 study from the US Bureau of Labor and Statistics (Xue and Larson 2015) found that certain
disciplines in science, technology engineering and mathematics (STEM) were in a labor market crisis
because of a lack of trained professional in the workforce. Furthermore, specific regions experienced
this crisis more acutely than others. The study found that in Virginia and North Carolina, the supply
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of STEM professionals (specifically B.S. degrees in engineering,
cybersecurity, software developers, data science and those in
skilled trades) currently does not meet the demand,
particularly in industries that must hire US. citizens or
permanent residents due to security issues. While there has
been an increase of representation in some STEM occupations,
women, and racial-ethnic minorities continue to be
underrepresented in many STEM fields (Byars-Winston et al.,
2015). For example, the number of racial-ethnic minorities
completing bachelor’s degrees in psychology, social sciences,
biological, and computer sciences has increased over the past
two decades. However, as observed by Fouad and Santana (2017),
since 2000, underrepresented racial-ethnic minorities’
graduation rates have flat-lined in engineering and physical
sciences, and their numbers have dropped specifically in
mathematics and statistics (National
2017). The President’s Council of Advisors on Science and
Technology President’s Council of Advisors on Science and
Technology,  (2012)  articulates how the ongoing
underrepresentation of certain racial and ethnic groups in the
STEM fields continues to be a pressing concern for the nation. In
order to address the challenges of the 21st century, particularly in
the science and technology sectors, increased diversification of
the United States STEM labor force is critical to enhancing the
nation’s competitiveness.

The Virginia—-North Carolina Louis Stokes Alliance for
Minority Participation (VA-NC Alliance) was established and
funded to address the pressing need of broadening participation
STEM. The VA-NC Alliance is a consortium of 11 higher
education institutions and one federal laboratory funded by
the National Science Foundation (NSF).! The VA-NC Alliance
implements several types of intervention programs to increase the
recruitment, retention, and graduation rates of students from
underrepresented racial and ethnic groups in science, technology,
engineering, and mathematics (STEM) fields®. For the purpose of
this work, the research team will refer to individual program
participants who identify as one of these groups as AALANAI
(African American, Latinx American, Native American or
Indigenous populations). These student participants are
enrolled in community colleges, Historically Black Colleges
and Universities (HBCUs), and predominantly white research
institutions (PWIs) within the VA-NC Alliance. The VA-NC
Alliance’s overarching goal is to broaden participation in the
STEM disciplines and contribute to the nation’s critical need for a
more diverse STEM workforce.

By preparing a workforce previously underrepresented in the
STEM fields, the VA-NC Alliance is ensuring that diverse

Science Foundation,

'"The partner institutions are: Bennett College, Elizabeth City State University,
George Mason University, Johnson C. Smith University, the National Radio
Astronomy Observatory, Old Dominion University, Piedmont Virginia
Community College, Saint Augustine’s University, Thomas Nelson Community
College, University of Virginia, Virginia Commonwealth University, and
Virginia Tech.

*The NSF defines historically underrepresented racial and ethnic minorities in
STEM as African Americans (or Black), Alaska Natives, Hispanic Americans (or
Latinx), Native Americans, Native Hawaiians, and Native Pacific Islanders.
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perspectives are applied to complex and global problems,
benefitting its geographic region and the nation. The VA-NC
Alliance partners implement evidence-based SIPs informed by
research and specifically designed to increase student retention
and graduation rates in STEM majors. The VA-NC Alliance
partners’ efforts to broaden participation in STEM include
transition programs, tutoring, peer mentoring, speaker series,
undergraduate research experiences, financial support (stipends),
intrusive or targeted advising, academic monitoring, professional
development workshops, and graduate school preparation, to
name a few. While SIPs have shown varying degrees of success in
improving academic achievement and graduation rates, a better
understanding is needed regarding how such programs affect
targeted students and improve (or do not improve) their chances
of attaining a bachelor’s degree. Since the inception of the
Alliance in 2007, the number of STEM degrees obtained by
AALANAI students from the partner institutions has
increased by 285%. During this same time period, the number
of AALANAI students enrolled in STEM disciplines at the
partner institutions has increased by 210%. As a result of this
success, the VA-NC Alliance is uniquely situated to conduct a
research study to understand the specific impacts of the partner
schools’ environments and SIPs on students’ persistence and
STEM career goals.

Thus the VA-NC Alliance is conducting an Alliance-wide
longitudinal research study to assess the differentiated impacts
and effectiveness of the Alliance’s broadening participation
efforts and identify emergent patterns, adding to the field of
knowledge about the impacts of culturally responsive STEM
Intervention Programs (SIPs). The study explores the degree
to which SIPs, cultural contexts, and personal inputs impact
students’ interests, goals, and actions pertaining to college
retention, career decisions, and expected outcomes. The
Alliance partners implement similar interventions, although
tailored for their individual campuses, allowing the VA-NC
Alliance an opportunity to conduct a longitudinal comparison
study of the SIPs within the unique cultural contexts of each
institution. A consortium such as the VA-NC Alliance provides a
useful context in which to conduct this study. First, three different
institutional types comprise the Alliance, allowing the research
team to compare student experiences across these different
contexts. The research team anticipates finding that there are
strengths and needs within the different institutional contexts,
informing their programming. Second, the Alliance provides
access to a pool of AALANALI students and control groups to
recruit for survey participation and later for focus groups and
interviews. Third, the Alliance and its partner schools provide
students with STEM intervention programs that would benefit
from assessment in order to determine which programs are most
impactful according to the data on outcomes and may be
correlated with STEM students’ academic and career
achievements. This information would be useful for signaling
the types of targeted interventions that institutions need to
implement and funding agencies need to invest. This paper
discusses the theoretical and conceptual frameworks for this
research, the preliminary studies, the methodology used to
validate the instrument, and the resulting final survey tool.
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OVERVIEW OF STUDY

The Alliance-wide longitudinal research study, “What’s Your
STEMspiration?”, will provide additional understanding of the
factors impacting AALANAI student academic success,
retention, graduation and post-graduate career decisions in
STEM disciplines at VA-NC Alliance institutions. The goal of
the research project is to assess how students’ personal inputs and
sources of self-efficacy intersect with the differentiated impacts
and effectiveness of the Alliance’s broadening participation
efforts. For this study, “STEMspiration” includes what
influences and inspires undergraduates to pursue a STEM
degree and career; and how does the development of a STEM
identity support students in achieving their goals? The research
team seeks to evaluate the effectiveness of interventions, identify
differentiated impacts, and describe emergent patterns, adding to
the field of knowledge about culturally responsive SIPs.

The study is based primarily on the theoretical framework of
Social Cognitive Career Theory (SCCT) and investigates the
underlying processes that impact AALANAI students’
successful pursuit of STEM degrees and careers. Building upon
existing theoretical frameworks and two preliminary studies
conducted at VA-NC Alliance partner schools, the research
team developed a survey instrument to identify specific areas
to explore further in focus groups and interviews, increase
knowledge pertaining to AALANAI STEM student success,
and adapt Alliance programming as needed in response to the
study’s findings. Statistical analyses of pilot survey data and
cognitive interviews utilizing the inductive methodological
approach of grounded theory were used to validate the survey
instrument.

Theoretical Foundation

The “What’s Your STEMspiration?” theoretical framework builds
upon the work of Vincent Tinto, John C. Weidman et al., Martin
M. Chemers et al., and theorists associated with Social Cognitive
Career Theory. The foundation for the development of the NSF’s
Louis Stokes Alliance program was Tinto’s model of student
retention, which emphasizes the academic and social integration
of students into the institution (Tinto, 1987) In its early years, the
VA-NC Alliance relied on the Tinto model for its program
design. As the Alliance’s research study team formed in 2017,
members broadened their understanding of student identity
through Weidman’s concept of disciplinary socialization, a
process by which students build community and develop
interpersonal relationships with those within their discipline
(Weidman et al, 2014). Given the Alliance’s study would
focus on self-efficacy, STEM interventions, outcome
expectations, and identity, the research team turned to
Chemers et al. (2011) to consider the mediation model of the
effects of science support experiences. A model in which various
support components affect relevant psychological processes,
which in turn lead to commitment to and involvement in a
scientific career. With the inclusion of sources of self-efficacy and
the career development process in the study, the research team
turned to the work of Byars-Winston et al. (2010) and others
associated with Social Cognitive Career Theory (SCCT). This
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theory postulates that students’ interests, choices, and
performance are impacted in some way by contextual factors
throughout the lifelong academic and career development
process. SCCT considers the influence of self-efficacy, outcome
expectations, identity, goal attainment on academic and career
interests, and goal setting (Bandura 1986; Lent R. W. et al., 2005;
Usher and Pajares, 2008; Byars-Winston et al., 2010; Navarro
et al,, 2014; Lent R. W. et al,, 2015; Byars-Winston et al., 2016;
Dickinson et al., 2017). As Fouad and Santana stated:

The SCCT (Lent R. W. et al., 1994; Lent R. W. et al,,
2000) has continued to be the major theoretical
framework investigating factors that have contributed
to the underrepresentation of women and racial-ethnic
minorities in STEM fields. This has continued to be an
area of investigation because there have been consistent
race and gender disparities at the educational and
occupational levels in STEM professions, even
35 years after Betz and Hackett (1981) began to study
it. SCCT has also been used as a frame to examine all of
the empirical studies in the past 40 years that have
examined gender differences in STEM careers
(Kanny et al, 2014), primarily because the model
explicitly incorporates gender as a person input and
explicitly includes contextual influences at proximal
and distal levels (Fouad and Santana, 2017, 26).

The SCCT interest model (focuses on the role of individual
interests in motivating choices of behavior and skill acquisition)
and choice model (holds that interests are typically related to the
choices that people make and to the action they take to
implement their choices) utilize self-efficacy in a particular
domain, outcome expectations, and interests as well as
proximal and distal experiences to explore factors that
influence career choices. Studies over the past four decades
(Betz and Hackett 1981; Hackett and Betz 1989; Betz and
Schifano 2000; Ferry et al, 2000; Fouad and Byars-Winston
2005; Carlone and Johnson 2007; Hurtado et al., 2009; Blake-
Beard et al., 2011; Lent R. W. et al,, 2011; Johnson et al., 2012;
Flores et al., 2014; Navarro et al., 2014; Alhaddab and Alnatheer
2015; Lent R. W. et al.,, 2015; Dickinson et al., 2017; Fouad and
Santana 2017) have examined the fit of the SCCT interest and
choice models among college students and have shown that
building self-efficacy in a STEM related domain (mathematics,
science, etc.) and fostering the development of positive and
realistic outcome expectations for entering a STEM career
would lead to interests in STEM related activities, in turn, lead
to STEM career goals and preparation for, and entry into a STEM
career. Furthermore, the SCCT framework incorporates
contextual factors, such as research experiences, mentoring,
interventions  programs, etc, in understanding the
underrepresentation of certain populations in STEM careers.
As stated in Fouad and Santana, “Using an SCCT framework
allows us to understand the complexity of factors and
opportunities for intervention presented along a career
trajectory. SCCT can also be an asset to those working in
direct practice, as it points directly to areas where intervention
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can facilitate the decision-making process” (Fouad and Santana,
2017, 27). “In sum, SCCT has been instrumental in investigating
undergraduate women and underrepresented minorities’ career
interests, choice, and persistence while pursing STEM majors”
(Fouad and Santana, 2017, 32).

Building on the work of Tinto, Weidman, and others, the
“What’s Your STEMspiration” survey instrument specifically
incorporated existing SCCT measures (Byars-Winston et al,,
2010) and mediation model measures (Chemers et al., 2011).
Chemers et al. examined how psychological factors, such as
self-efficacy and personal identity, mediated the relationships
between science support experiences (i.e., research experience,
mentoring, and community involvement) and desirable
outcomes (i.e., commitment to and effort expended toward
a career in scientific research). Byars-Winston et al. (2016)
composed and validated a survey instrument based on SCCT
that examined the internal reliability and factor analyses
for measures of research-related self-efficacy beliefs, sources
of self-efficacy, outcome expectations, and science identity.
The “What’s Your STEMspiration?” study responds to
the call from Byars-Winston et al. (2010) for additional
research into how cognitive, cultural, and contextual
characteristics  indirectly influence AALANAI STEM
students’ outcomes and from Fouad and Santana (2017) to
examine if there are some contextual supports (professors,
financial aid, mentors, or research experiences) more
important for some groups than others and if there are key
intervention points that would effectively prevent college
attrition in STEM majors.

The “What’s Your STEMspiration?” study is also built upon
two preliminary research studies that focused on undergraduate
recruitment and retention conducted within the VA-NC Alliance
at partner schools, Virginia Commonwealth University (VCU)
and the University of Virginia (UVA). The VCU study focused
only on its Louis Stokes Alliance for Minority Participation
(LSAMP) activities and utilized an emergent mixed-methods
design including a survey instrument and focus groups. The
UVA study, qualitative in nature, was a VA-NC Alliance wide
study and utilized participant interviews. The results from these
two preliminary studies informed the development of the survey
instrument for this longitudinal study. Overviews of these two
studies are provided below.

Virginia Commonwealth University
Preliminary Study: An Exploration of Factors
Influencing VCU LSAMP Students’

Decisions to Stay in STEM

The VCU LSAMP program offered various STEM SIPs over its
fourteen-year history, including transition programs, research
experiences, mentoring, scholarship programs, etc., that
engage undergraduate AALANAI STEM majors. During
that time, the VCU LSAMP team has conducted studies and
evaluations to improve program outcomes (Alkhasawneh R.
and Hobson, 2009; Alkhasawneh R. and Hobson, 2010;
Alkhasawneh, R. and Hobson 2011; Alkhasawneh R. and
Hargraves, 2012; Brinkley et al., 2014; Alkhasawneh R. and
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Hargraves, 2014; Griggs et al., 2016). In 2015, the VCU team
conducted a preliminary research study on the design and
implementation of the VCU LSAMP Hybrid Summer
Transition Program and accompanying intervention
programs, and to facilitate student academic and social
integration into VCU. The team developed a 63 item survey
instrument to investigate: 1) factors that contributed to
retention and academic success for their LSAMP students;
2) the impact of the summer transition program on student
retention and academic success, as well as its impact on first
year success; and 3) the role existing STEM intervention
programs played in student academic integration, social
integration, and career preparedness. The survey was
developed from existing publicly available surveys that
assessed academic and social integration and was informed
by Tinto’s model of academic and social integration (Tinto,
1987), Strayhorn’s model of sense of belonging (Strayhorn,
2012, Strayhorn, 2018), and Bourdieu’s cultural capital model
(Bourdieu, 1986).

At the time of the study, all 154 students in the VCU LSAMP
program were invited to participate after the study received IRB
approval (HM#20001406). The survey findings provided areas of
focus for the qualitative portion of the study, which used focus
groups and interviews with targeted students to explore the extent
to which SIPs have influenced their perceptions of issues deemed
crucial to academic success. Two focus groups were conducted
and 10-12 students, current or former STEM majors who had
participated in one or more LSAMP SIPs, took part in the focus
groups.

The VCU study identified activities and factors important to
the academic and social integration of the LSAMP students and
their sense of belonging in a STEM field. These findings informed
areas of inquiry for the “What’s Your STEMspiration?” survey
instrument. This VCU study also provided insight into specific
response options for certain survey questions (see Model
Development and Pilot Survey Instrument). In summary,
regarding STEM related academic support activities and STEM
intervention programs, students expressed willingness to attend
peer mentoring sessions and career/professional development
events; thus warranting exploration in the Alliance-wide study
However, students were less likely to take advantage of university
sponsored SIPs, such as tutoring, academic coaching, visiting the
writing center, or even meeting with a faculty member during
office hours; thus warranting possible exclusion in the Alliance-
wide survey. While students felt positively about the social
interactions they had with other students in their program and
their choice in academic major, they were neutral about their
faculty members’ knowledge about their future. No statistically
significant relationship emerged between the examined sense of
belonging and academic capital variables and students’ GPAs.
When exploring students’ plans for the future, the most highly
indicated reasons for remaining in STEM were personal interest,
aptitude, as well as employment and salary opportunities.
However, the most commonly cited reason for considering
leaving STEM was unappealing employment opportunities.
Further findings from the VCU LSAMP preliminary study are
explored in Griggs et al. (2016).
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University of Virginia Preliminary Study: An
Exploration of LSAMP Students’

Experiences and Future Plans

The UVA study was designed to test qualitative research
protocols as well as inform the development of the “What’s
Your STEMspiration?” survey instrument’s questions and
response options, prior to conducting the broader Alliance-
wide research study.” After receiving IRB approval (SBS #
2017021800), the research team conducted interviews over a
period of three months with a goal of interviewing two
students from each of the partner schools (nine schools at the
time of this preliminary study) for a total of eighteen interviews.
Using an online randomization tool called Research
Randomizer?, the research team randomly selected participants
representing each of the schools from the 2017 VA-NC Alliance
Annual Undergraduate Research Symposium registration
database listing students and their home institutions. In the
recruitment email, the research team members informed
students that their participation in this study was completely
voluntary. Despite offering the incentive of a $20 gift card from
Amazon for each participant, the team recruited fifteen rather
than eighteen participants for the interviews. Respondents were
de-identified using pseudonyms and findings reported in
aggregate, keeping participant identities confidential.

Based on the interview transcripts, a set of codes with
definitions were drafted by each research team member and
revised until consensus was reached. Then, the transcripts and
codes were entered into Dedoose. Out of 17 parent codes, the ones
applied the most often to transcript excerpts were the following,
in descending order: “support network,” “career goals/
aspirations,” and “academic opportunities” (see Figure 1).
Interviewees described a variety of support networks, including
family, friends in the residential halls who were also struggling
with STEM courses, professional organizations, peer mentors,
graduate students, faculty, and research labs. Analysis of the
surveys revealed the importance of mentors for students. Some
students from Bennett College noted that they have multiple
mentors. Others such as a student from Saint Augustine’s
University shared how academic opportunities impacted her
career goals/aspirations, saying that the undergraduate
research symposium she attended was

“really an eye-opener for me because I was able to
surround myself with people who think like I do, and
people who have done work in areas that I didn’t know
before, and sparked interests in areas that I would have
never knew [sic] if I didn’t go ... That’s the role it
played for me, is really an eye-opener into reality and
what other scientists are doing across the nation.”

*At the time of the UVA study, the VA-NC Alliance included the following partner
Bennett College, Elizabeth City State University, George Mason
University, Johnson C. Smith University, Piedmont Virginia Community

schools:
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FIGURE 1 | VA-NC alliance pilot study code word cloud.

Analysis of how the codes intersected with each other clarified
for the research team that it would be necessary to utilize factor
analysis in the Alliance-wide study in order to understand how
numerous variables interact.

The UVA preliminary study identified activities, topics, and
themes important to the interviewees - these informed areas of
exploration for the Alliance-wide research study to prioritize and
incorporate into its survey instrument. Furthermore, the analysis of
these results demonstrated how various forms of academic and social
support were interconnected in students’ minds. This informed the
structure of the subsequent and broader Alliance wide research
study’s survey questions, response options, and analysis.
Development of the broader Alliance-wide survey instrument is
discussed in What’s Your STEMspiration? Instrument Development.

WHAT’S YOUR STEMSPIRATION?
INSTRUMENT DEVELOPMENT

Model Development and Pilot Survey

Instrument

Using the instrument from the VCU preliminary study and the
findings from the UVA preliminary study, a pilot survey was
developed for a VA-NC Alliance-wide longitudinal research
study. The purpose of this study was to better understand the

College. St. Augustine’s University, University of Virginia, Virginia

Commonwealth University, and Virginia Tech. factors impacting academic success, retention, graduation,
*https://www.randomizer.org/ and post-graduate career decisions for students in STEM of
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the VA-NC Alliance. The survey instrument was composed of
associated factors mapped to ten content areas categorized in a
two-tier model. This two-tier conceptual framework segments the
study’s exploration of factors influencing student retention and
career decisions into five factors in each of the two tiers, as shown
in Figure 2.

The first tier, labeled as the “Initial Input” tier, involves
multiple factors including sources of self-efficacy, personal
inputs, academic environments, STEM intervention programs,
and mentors. Bandura et al. (1999) hypothesized that there are
four sources of self-efficacy: mastery experiences, vicarious
experiences, verbal and social persuasions, emotional and
psychological states. These experiences and states of being
influence students’ self-efficacy in the three domains explored
in this research (academic-related self-efficacy, research-related
self-efficacy, and STEM-career self-efficacy), thus our model
incorporates sources of self-efficacy. For this study, personal
inputs are defined as those experiences and distal and
proximal contextual affordances that may have played a role
in the students’ choice of major or desire to pursue a STEM career
(Lent R. W. et al,, 2000). While sources of self-efficacy may
include personal inputs, this study specifically identifies personal
inputs as a factor and includes social identities, academic
information (e.g., major, GPA, institution, etc.), and previous
experiences that may have contributed to the student’s choice to
pursue a STEM degree. To explore the impact of student
participation in STEM intervention programs and the nuanced
differences in students’ experiences at different institutions,
ie, community colleges, HBCUs, and PWI academic
environments, both SIP participation and academic
environment are included as input factors. Common themes
that emerged from the interviews conducted for the UVA
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“mentoring,” thus it was important to include mentoring as a
stand-alone input factor in the “Initial Input” tier.

Prior research guided the selection of the five associated
factors of the “Student Development” tier of the model, which
included research-related self-efficacy, academic-related self-
efficacy, STEM-career self-efficacy, STEM identity, and student
outcome expectations. Self-efficacy is a central tenet of Social
Cognitive Career Theory (SCCT) and is shown to influence
students’ choices of career paths, including STEM (Byars-
Winston et al., 2016). Dickinson et al. (2017) also reported
harmful academic treatment towards African American
students may discourage undergraduates from taking classes to
prepare for STEM careers, therefore, negatively affecting self-
efficacy and outcome expectations. Given that several VA-NC
Alliance students noted that they either participate in research
experiences or internships, it was important to include research-
related self-efficacy and STEM-career self-efficacy in the “Student
Development” tier in addition to academic-self-efficacy.
Academic self-efficacy refers to one’s perceived capability to
perform given academic tasks at desired levels. Academic self-
efficacy is often conceptualized as a domain-specific construct,
and its relationships with various achievement indexes have
frequently been probed in the context of carrying out a
specific task of interest (Bong, 1997). Research-related self-
efficacy (or research self-efficacy) is defined as one’s
confidence in successfully performing tasks associated with
conducting research (e.g., performing a literature review or
analyzing data) (Forester et al, 2004). STEM-career self-
efficacy is defined as one’s belief in one’s ability to successfully
pursue a STEM career and perform the job functions required by
that career (Milner et al., 2014).

Researchers have also examined the role of science identity in

preliminary  study included “support network” and  students’ persistence in STEM. When students feel as if they are
| Initial Input I Student Development | | Outcomes
; @ Academic Self-Efficacy ;
@ Sources of Self-Efficacy |s— ! : N
' A '
. : v : Lulll
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Personal Inputs — H : Student retention,
. ; : - graduation, and
v H ! career decisions to
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FIGURE 2 | Survey instrument model of the effects of associated factors for student retention and career decisions in the VA-NC alliance program.
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scientists then they are more likely to pursue careers in the field
(Estrada et al., 2011). Given the VA-NC Alliance includes majors
beyond science including engineering, agriculture, technology,
and mathematics, it was important to explore not just science
identity, but STEM identity. As a result, the research team chose
to include STEM identity broadly as a factor in the “Student
Development” tier. In fact, because students are pursuing
interdisciplinary career interests and are finding that the
traditional disciplinary boundaries are fading, students may be
more likely to see themselves as part of a broad STEM community
not just as a scientist, engineer, mathematician, or technologist.

As illustrated in Figure 2, the research team hypothesized that the
initial inputs represent factors that directly shape student
development factors in the second tier: academic self-efficacy,
research self-efficacy, STEM-career self-efficacy, STEM identity,
and student outcome expectations. The research team also
hypothesize that factors within a tier are interdependent and
possibly influence other factors within the tier. For example,
academic self-efficacy could influence STEM-career self-efficacy.
For the pilot survey, behavioral questions were included to
account for any influences that may have contributed to a
student’s academic performance, support, and well-being, such as
employment, family obligations and engagement, transportation
(ie, commuting from job, school, or class), involvement in
academic activities outside of class, time for study, use of social
media, and physical activity (i.e., university athletics, intramural
sports, physical recreation). The pilot survey included most of the
questions from the VCU survey instrument in addition to new
questions regarding research self-efficacy, STEM career self-efficacy,
STEM identity and mentoring. These questions were added based
upon the findings of the UVA interviews and to fit into the proposed
model. What began as a SCCT model emerged into a nuanced model
appropriate for this study; however, as a result of the additional
questions, a 63-item survey instrument evolved into 103 questions.
Although respondents did not have to answer all questions, because
of branching logic, the instrument became much longer.

Testing the Validity of the Pilot Survey

Instrument - Statistical Analysis
To test the pilot survey instrument before submitting to a wider
distribution of students, surveys were directly distributed to
participants of the VCU LSAMP program and the Elizabeth
City State University (ECSU) LSAMP program. Contact
information for the VCU and ECSU LSAMP participants had
been previously made available by the program staff. In total,
more than 350 students and alumni from the two programs were
invited to participate. Study data were collected and managed
using REDCap” (Research Electronic Data Capture), a secure web
application tool used to design and administer surveys and
research databases hosted by VCU.

Traditionally, mixed methods research aids in the validity of a
study through triangulation, whereby generalizable findings of
quantitative research are enhanced by contextual understandings

*https://www.project-redcap.org/
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in the qualitative. But this method of validation is generally
attributed to checking the results, and not necessarily verifying
that the instrument is really measuring what it is intended to. The
research team desired to validate the instrument using statistical
analysis. However, after several months of eliciting responses,
only 49 completed survey responses had been collected, even after
extending the initial deadline an additional two months and after
sending additional requests to the VA-NC Alliance students.

The research team noted that there were also a high number of
partial responses (approximately 50%), raising concerns about
the potential effect of survey fatigue. Subsequently, the research
team discussed the estimated time of 15-20 min for completion of
the survey, based on preliminary testing by the coordinators of
the VA-NC partner schools. They also took note of the survey
instrument’s 243 separate survey questions when all branching
was considered. Upon a closer review of the partial responses in
REDCap, a clear drop out pattern did not emerge; some
participants would stop about halfway through the survey,
while others would be close to finishing before they stopped.
The research team then discussed the option of conducting
cognitive interviews to evaluate the survey instrument’s
feasibility, simplicity, and time required. Ultimately, the
research team decided to first run a principal component
analysis (PCA) in SPSS (Statistical Package for the Social
Sciences) to confirm that the factors represented in the survey
are the ones that the research team were ultimately trying to
measure. This method of analysis would also assist the research
team in identifying poor performing items based on quantitative
summaries of data, to help aid in the decision regarding reducing
the number of questions.

Before performing the PCA, the research team discussed in
detail the questions and their intended mapping with the study’s
proposed model (Figure 2). During this process, the research
team recognized that parts of the measure were adapted directly
from other instruments (Byars-Winston et al., 2010; Chemers
et al., 2011; Byars-Winston et al., 2016). Therefore, the research
team decided to focus the analysis on the questions that were
newly created/added for this study’s focus, and that served as
indicators of attributes in the Student Development tier
(Figure 2). Survey questions were then grouped according to
these five factors: Academic Self-Efficacy, Research Self-Efficacy,
STEM Career Self-Efficacy, STEM Identity, and Student Outcome
Expectations. Only completed survey responses were included,
but zeros for any non-applicable responses remained. Missing
data for completed surveys (e.g., where the question was skipped
in branching) was replaced with the column mean (which was 0
for any instances of this), to avoid errors when running the data.
A principal component analysis was then performed with
Varimax (orthogonal) rotation using SPSS software to test the
five factor structures identified.

The analysis yielded five factors explaining a total proportion
of 48.96% of the variance for the entire set of variables. The
communalities of the variables included are rather low overall,
which would indicate that the variables chosen for this analysis
are only weakly related with each other. However, the correlation
matrix showed that most items had some correlation with each
other, ranging from r = —0.7 to r = 0.966. All questions did load
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TABLE 1 | Summary of SPSS and MPlus analyses.

What'’s Your STEMspiration?: Survey Validation

Academic Research STEM career STEM identity Student outcome
self-efficacy self-efficacy self-efficacy expectations

SPSS

# Items in scale 4 6 9 10 5

N in SPSS file 49 41 25 48 72

Cronbach alpha 0.72 0.80 0.93 0.85 0.74
MPlus

Chi-square with (2) =3.77, (9)=12.72, p = 0.18 (27) = 70.94, (35) = 145.40, (5) = 26.61, p < 0.001

df, p p =0.15 p < 0.001 p < 0.001

0.115 (0, 0.293) 0.098 (0, 0.212) 0.255(0.184,0.328)  0.244(0.204, 0.286) 0.239 (0.158, 0.335)

RMSEA (90% ClI) CFl 0.973 0.947 0.814 0.557 0.790

SRMR 0.051 0.085 0.142 0.136 0.092

Notes: One item has a lower factor One item had a lower factor loading

loading than other items.

onto a factor(s). To review the internal consistency of questions
that load onto the same factors, Cronbach’s Alpha (CA) was used.
Scores ranged from 0.72 to 0.93 (Table 1), indicating that
question reliability was good and the scales were acceptable.
However, with recognition that communalities of the variables
were rather low, and that this type of analysis does not give
information about significant cross-loadings, the research team
decided to conduct a Confirmatory Factor Analyses (CFA) using
Mplus (Table 1).

Prior to conducting the analysis in Mplus, all responses were
pulled (partial and full responses) and variables were re-coded
to ensure the variables had not been flipped. Information
regarding overall results can be found in Table 1. The model
for STEM Identity terminated normally, although one item was
not significant and the overall model fit was poor, likely due to
the low power, or the small N. The small N made it difficult to
test the STEM Career Self-Efficacy scale with CFA, however the
Cronbach alpha was high, indicating this construct is reliable as
one measure. The small N may have also impacted the testing of
the Academic Self-Efficacy scale, as the residual covariance
matrix was not positive definite, which could indicate a high
correlation between variables of dependency. However it is
difficult to be certain with the small sample size. Most of the
MPlus indicators of model fit, with the exception of the Research
Self-Efficacy Scale, which did not meet acceptable scientific
levels. Ultimately, the results of this different approach to the
analysis did indicate that two questions had low factor loadings
(see Table 1), and a change to the question, “previously you
indicated that you are considering changing your major,” which
mapped to Student Outcome Expectations, was needed.
Specifically, descriptive information provided that nine of
the 13 items went unchecked each time, resulting in a lot of
zeros, which impacted the reliability of the factor analysis.
Therefore, the wording of the question was changed to
“please explain why you are considering changing your
major,” followed by a fill-in-the-blank field. In considering
the findings for this question using Mplus, the research team

than the other items.

also noted the need for a review of, and some revisions to, any
multi-item questions.

Opverall, the research team concluded that running the factor
analyses on the data that was available did provide some
beginning information, but not enough to adjust any
additional items in the survey. The results in both analyses
conducted in SPSS and Mplus were similar, leaving the
research team confident that they were not missing factors in
their model. In short, the desired domains are being captured, and
the reliability of the instrument is good. However, this does not
equal validity, and there were not enough data to conduct a solid
analysis or decide which questions could be removed to see if that
would help with the low response rate. Therefore, the research
team revisited the idea of conducting cognitive interviews in
order to firmly identify sources of confusion in assessment items,
and to assess validity evidence based on content and response
processes.

Testing the Validity of the Pilot Survey

Instrument - Cognitive Interviews

The research team decided to conduct cognitive interviews to
ensure survey respondents understood the questions as they were
intended, respondents could provide and recall accurate answers
across the time periods in the survey, determine if respondent
experiences were missing from the survey, and that response
options captured respondents’ experience. In addition, the team
wanted to determine if the survey items supported the survey
constructs surrounding self-efficacy.

Cognitive Interview Methods

Seven students from one partner university were invited to
participate in the cognitive interviews and five female LSAMP
students consented, including one freshman and one senior. A
team member conducted the cognitive interviews via Zoom with
responses captured by another team member through extensive
notes. Interviews took approximately 60 min. At the start of the
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interview, interviewees were emailed a copy of the survey in a
PDF format with the questions to be tested highlighted in yellow.
The interviewer used “think aloud talk aloud” and probing
methods to elicit responses that allowed the team to
understand how interviewees conceptualized the questions and
the source of their answers.

At the end of the cognitive interview, interviewees were
asked questions about the overall purpose of the survey.
Specifically, the interviewee was reminded of the concepts
of self-efficacy and STEM identity and then asked the
following meta questions:

e What does STEM identity mean to you? Or In what way do
you feel you have a STEM identity?

e How well do you feel this survey asked you about your own
perseverance, determination, or any barriers you have
overcome as a STEM student? Or What has helped you to
create an ability to overcome obstacles and succeed as a
STEM student?

Following the grounded theory framework for data qualitative
analysis, interview notes were loaded into Dedoose for blind
coding by three team members. A coding index based on the four
broad cognitive interview categories and a set of child codes were
developed. The four parent codes were:

e Understanding: interviewee had issues understanding the
question, terms, concepts, or misinterpreted the question.
® Recall: the interviewee had limited knowledge or experience
to answer the question; had difficulty remembering the time-
period; or could not do the mental calculations to answer the

question (e.g., hours, number of times, etc.).

e Response: the interviewee could not find a response option
that reflected their experience; response options were not
mutually exclusive.

e Judge: the interviewee found the question sensitive; did not
give an honest response; or the question or response options
were not relevant.

The child codes specified the challenge or issue interviewees
had with the question. For example, if interviewees could not find
aresponse option that met their experience, the item was coded as
“RESPNSMISS” for response missing. Responses from the STEM
identity questions were coded as “STEMID = ” and paired with a
child code to describe the meaning of STEM identity for that
interviewee. This parent code was also used at any point during
the interview when interviewees described or discussed their
STEM identity. Sources of self-efficacy were coded as
“SESOURCE = ” with a child code for the source, linking back
to the literature. Like STEM identity, this parent code was used
throughout the interview anytime an interviewee discussed a
source of self-efficacy. This data set was analyzed separately, and
recommendations made to the team regarding changes to
survey items.

Dedoose Memos were used to categorize the types of changes
being recommended by interviewees. The following memo
categories were used:

What'’s Your STEMspiration?: Survey Validation

e Add: add a response option or question

¢ Change: make a change in the survey structure or question
structure

e Clarify: change the language used to clarify a time-period, a
term, a response option, or the instructions

e Rephrase: rephrase the question or a response option

¢ Two additional Memo categories were created:

0 Question: a memo that contains a question for the team
(these were not analyzed but discussed by the team)

0 STEMID: a description or memo related to the STEMID =, or
SESOURCE = codes further explaining how the interviewee’s
view of their identity or source of self-efficacy links to the
literature or is connected to other interviewees’
understanding of the survey construct

Three team members blind coded all the interviews. The team
then reviewed the coded interviews to identify items where
coding did not agree. The team then reviewed and discussed
the few instances (1.72%) where codes differed among the team,
comparing the items to others in the code group to determine
which code to use. The results of the CI analysis were then
mapped onto the survey questions with recommendations for
changes based on the analysis.

Results of the Cognitive Interviews

Overall, the cognitive interviews revealed the survey needed
adjustment due to interviewee understanding, recall, and response
option challenges. Questions, terms, and response options needed to
be clarified or rephrased due to assumptions, confusing terms,
missing elements, and generational language differences in the
questions and response options. In addition, the interviews
revealed student STEM identity began in high school, however,
the survey did not include this time-period in questions or response
options. As a result, interviewees felt they could not accurately
answer many questions.

More broadly, responses to the meta questions showed
interviewees felt the survey was about their study habits, not
their self-efficacy. Because of this perception, they reported
answering many questions based on how they wanted faculty
to see them vs. how they saw themselves or the actual actions they
had taken. As a result, interviewees reported other students would
not answer questions honestly. In addition, they pointed out the
survey lacked questions about their belief in themselves, their
perseverance or persistence, and any obstacles they had faced as a
STEM student. During the interviews, students described many
challenges they had overcome and how their own persistence had
helped construct their academic self-efficacy. Even though the
survey generated these memories as part of their answering
process, the instrument was not capturing or measuring these
aspects of academic-related self-efficacy or STEM identity.

Two students noted their source of self-efficacy came from
their own agency, which included changing their current STEM
major to another STEM major they “enjoy” more, which also
better suited their long-term career goals. This suggests that
changing your major may not be a barrier to academic-related
self-efficacy but rather a source of self-efficacy depending on the
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student’s view of themselves as either active agent (changing it to
suit personal goals) or passive participant (changing because their
grades are low or because of parental pressure).

Interviews also showed academic self-efficacy waxed and
waned depending on the time of the semester and the class
status of the student when they took the survey. Interviewees who
were juniors or seniors noted they felt very confident in their self-
efficacy because they were close to graduation. This raised a
question regarding how student graduation dates might influence
the data.

Case Study: Mentors and Academic Self-Efficacy
Although the survey asked questions about mentors, CI
interviewees found these questions confusing, jargon-laden, or
could not find an adequate response option to answer the
question based on their experience. This section provides a
case study of the changes made to questions and response
options related to mentors.

The survey used the term “mentor” throughout, however, only
defined it in the question specifically dedicated to mentoring
toward the end of the survey. The cognitive interview process

What'’s Your STEMspiration?: Survey Validation

revealed interviewees’ definition of the term mentor included role
models, or people who had inspired their interest in science. For
example, one interviewee considered her African American
female pediatrician a mentor. The student had looked up to
this woman as a young girl and described how the pediatrician
contributed to her STEM identity, but the experience described a
role model.

Another question grouped having mentors under academic
services and opportunities (Which of the services or activities
listed below did you take part in or use during your
undergraduate career?). Interviewees noted this formalized the
mentoring process as a university sponsored activity, which did
not reflect their experience. As a result, they did not report having
mentors in this question. Therefore, these response options were
removed from the question.

The primary question on mentoring asked interviewees to
indicate their level of agreement with a series of statements
about their experience being mentored using a five-point scale.
Cognitive interviews showed that mentors from high school
had significant influence over student decisions about college
and majoring in STEM and continued to be mentors for these

TABLE 2 | Original survey question and statements with the feedback from interviewees, and the initial suggested change.

Original survey question: Thinking about your mentoring experiences, please indicate your level of agreement relating to the following aspects of mentorship.
Please note, mentors can be anyone that has given you individual support in relation to your development as a STEM student or STEM professional.

Original survey response

I have had access to valuable faculty and/or staff mentors
at my home institution

| have had access to valuable peer mentors at my home
institution
| Have had access to valuable mentors in my family

| have had access to mentors outside of my home
institution

| Look up to my mentor(s) as career role models

A mentor in my home institution helped me develop the
skills | need to be successful in a STEM career

A mentor outside my home institution encouraged me to
pursue a STEM career

Itis important to me that at least one of my mentors is of
the same race/ethnicity, gender or other social identity as
I am.

At least one of my mentors was of the same race/
ethnicity, gender or other social identity as me

Faculty in my department have provided a great deal of
guidance to help me be successful in my major

There are faculty role models in my department

Interviewee feedback

“Access”: Does not mean they were a mentor; you
can have access to them but still not have a mentor.
“Valuable”: Having a mentor and having a good
mentor are different questions

“Home institution”: Confusion about meaning
“Staff”: Rarely interact with staff

Same comments as above

Same comments as above missing: Religious
community, family friends, high school teachers

Same concerns about “access”, “home institution”
Missing; response options about high school
mentors

“Career”: Not all mentors are in STEM though they
contribute to STEM self-efficacy

“Home institution”: Confusion about meaning
“Successful”: Subjective, defined differently by each
interviewee. Could not predict the future

“Home institution”: Confusion about meaning
“Missing”: Response option for high school
mentors

“Pursue a career”: Major in STEM in college
Generally, yes. But students want to learn from
anyone who is willing to help them.

None

“Great deal”: Too subjective, confusion about
meaning, i.e., quality vs. quantity. “Do you mean
helpful?”

“Successful”: Subjective, defined differently by each
interviewee. Could not predict the future
“Probably” but this does not mean they are my role
models; statement is too vague

Changes recommended

Rephrase: | have/had faculty mentors at my current
undergraduate institution

Rephrase: | have/had peer mentors at my current
undergraduate institution

Rephrase: | have/had mentors in my family

Add: | have/had mentors from my community, such as
religious leaders or family friends

Rephrase: | Had mentors who encouraged me to pursue
STEM prior to attending my current undergraduate
institution (for example mentors in high school or earlier).
Rephrase: | Look up to my mentor/s as role models.

A mentor at my current undergraduate institution helped
me develop the skills | need to have a career in STEM.

A mentor from outside my current undergraduate
institution, such as my high school, encouraged me to

major in STEM

N/A

N/A

Faculty in my department have provided guidance to help
me in my major

Rephrase: | Have faculty role models in my department
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TABLE 3 | Sample of finalized survey questions.

Associated factor

Personal inputs and academic environment example
questions

Sources of self-efficacy example questions

Academic self-efficacy example questions

Research self-efficacy example questions

STEM- career Self-efficacyExample questions

SIP
Participation example questions

Mentoring example questions

STEM identity example questions

Outcome expectations example questions

What'’s Your STEMspiration?: Survey Validation

Survey questions:

What is your cumulative undergraduate GPA as of the last semester you completed?

Are you the first in your immediate family to go to college?

Are you a US citizen or permanent resident?

Are you a participant in the LSAMP program? -with branching logic

Which factors do you feel contributed to your decision to pursue a major in a STEM field? (Please select all that
apply) -with branching logic

| feel/felt like | belong in my undergraduate college or university. Why or why not?

| feel/felt like | belong in my undergraduate major. Why or why not?

| can recognize my own academic limitations and areas where | need help.

When | realize/d | need/ed help, | seek/sought assistance from available resources such as peers, tutors,
classmates, faculty, TA’s, or mentors.

Thinking about the skills gained from your undergraduate courses, please indicate your level of confidence
relating to:

@ Analyzing data (quantitative or qualitative)

@ Solving problems

@ Using software relevant to my field (e.g., Excel, Java, Labview, Matlab, Python, Solidworks, SPSS, etc.)
@ Using technical skills and/or techniques relevant to my field

Thinking about the research experience you described in the previous question, please indicate your level of
confidence relating to:

@ Using scientific literature and/or reports to guide research.

@ Generating a research question to answer.

@ Figuring out what data/observations to collect and how to collect them.

@ Working on research teams.

Thinking about the internship experience you described in the previous question, please indicate your level of
confidence relating to:

@® Communicating professionally (e.g., emails, memos, presentations, etc.)

@ Developing a work plan implementing relevant organizational procedures

@ Solving “real world” problems

@ Working in a professional (office, field, healthcare, etc.) setting

There are a variety of opportunities offered through LSAMP designed to help students succeed in STEM-related
majors. Please reflect upon your participation in these specific programs. Which of the activities did you attend
or participate in at any time during your undergraduate career? (Please select program all that apply) -with
branching logic

Thinking about your experience being mentored by the people listed in the previous question, please indicate
your level of agreement with the following aspects of mentorship (please select all that apply).

@® Modeled how to overcome challenges and reach personal goals.

@ Showed me how to treat failed attempts as a learning experience.

@ Gave me the sense s/he and | shared similarities of background, personality, or other important personal
characteristics.

@ Helped me overcome insecurities about my abilities as a STEM student, if | had any.

Reflecting on your undergraduate experience, please indicate your level of agreement with the following
statements:

@ | feel like | identify as a scientist, technologist, engineer, or mathematician

@ | feel like | am part of a STEM community.

@ | have a passion for my STEM coursework/curriculum content.

@® My hobbies and interests are often STEM related.

@ My personal abilities/talents are a good “fit” with requirements in STEM.

| have a passion for the work | can do with my STEM degree.

How confident are you in starting a successful STEM career?

My career plans for the future are to: -wth branching logic

My academic plans for the future are to: -with branching logic

students during college. However, these high school mentors
were not reflected in the statements for the mentoring question
nor were they reflected in the rest of the survey. Interviewees
also found language in the statements confusing or vague. For
example, interviewees found the phrase “home institution”
confusing, which appeared in many of the response options.
Further, response options contained subjective terms, such as
“valuable,” or used terms such as “access” to a mentor rather
than “had” a mentor. Further, interviewees commented

throughout the survey that their STEM identity and self-
efficacy was not as narrowly defined as the survey questions
and response options. For example, interviewees reported
having mentors who were not in STEM, but who
contributed to their STEM self-efficacy. Table 2 provides
the original question and statements with the feedback from
interviewees, and the initial suggested changes.

Interviewee comments about subjective terms, such as
“valuable,” led to team discussions about the purpose of the
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mentoring question. What did the research team really want to
know: if they had mentors? Or who the mentors were and what
they contributed to STEM identity and self-efficacy? Based on
interviewee comments and our own discussion, the research
team restructured the question on mentoring. The new
structure more directly links mentors to STEM identity and
self-efficacy.

The new question (Table 3) provides interviewees with a list of
people and asks them to first indicate who has been a mentor for
them, currently or in the past. The people include high school
teacher, faculty member at my current undergraduate institution,
family member or guardian, peer, and other general categories. The
selected answers are then piped into a matrix question which asks
interviewees to indicate their level of agreement with a series of
statements about what they may have gained from these mentors.
The statements are directly linked to sources of self-efficacy.

“WHAT’S YOUR STEMSPIRATION?”
FINALIZED SURVEY INSTRUMENT

Based upon the cognitive interviews and statistical analysis, the
validated survey instrument was finalized. The questions were
tailored to address each area of the conceptual framework
(Figure 2). It is anticipated that this research will provide insight
into the influence of STEM intervention programs as well as the
experiences and opportunities they provide for STEM-career self-
efficacy, research-related self-efficacy, academic-related self-efficacy,
sources of self-efficacy, outcome expectations, and STEM identity
within different institutional contexts.

A subset of questions was used to determine survey
respondents’ personal inputs, which are defined as those distal
and proximal contextual factors that may have played a role in the
students’ choice of major or desire to pursue a STEM career. These
“personal inputs” are unique lived experiences and cultural/social
identities that influence choices, behaviors, norms, and
expectations. These may be distal (e.g., family encouragement,
middle school experiences, etc.) or more proximal (e.g.,
undergraduate extracurricular activities, cumulative GPA, etc.)
in time. The survey also includes demographic information as
personal inputs in this category, recognizing that students’ social
identities and cultural context may also provide contextual
information (see examples in Table 3).

While personal inputs, mentors, participation in SIPs, and
academic environments are all sources of self-efficacy in the
domains of research, academic, and STEM careers, the
“What’s Your STEMspiration?” survey explores other factors
that also influence self-efficacy. These include a sense of
belonging at the respondent’s institution and/or major, their
confidence in their ability to remain in their major and
complete their course work, and their own self-awareness. The
survey explores these aspects as sources of self-efficacy with a
series of questions, a subset of which are shown in Table 3.

As shown in Figure 2, the “What’s Your STEMspiration?”
survey is investigating self-efficacy across three domains: academic,
research, and STEM career. These three areas were chosen based
upon the responses from the UVA study, the cognitive interviews,
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and the types of intervention programs and opportunities offered
by the VA-NC Alliance partners. For example, research
experiences and research preparation are a core component of
the VA-NC Alliance programs, thus it is important to investigate
how participation in these programs correlate with research self-
efficacy. Many VA-NC Alliance students participate in internships,
externships, and/or cooperatives, thus this area was also deemed a
focus area. Finally, fostering academic self-efficacy is a central tenet
of the student educational experience and several SIP’s (e.g.,
through peer mentoring, tutoring, supplemental instruction,
study skills workshops, etc.). If students do not experience a
mastery of certain skills needed for academic success in their
respective majors, it could influence their retention in the major
and expected outcomes. Sample questions which explore these
areas are also provided in Table 2. Initially, mentoring was not
included as a specific area of inquiry for this survey. However,
based upon the responses during UVA’s preliminary study, it was
found that mentoring was a key component of the VA-NC Alliance
student experience. Even though some models might include
mentoring under sources of self-efficacy, SIPs, or personal
inputs, this research revealed that it was significant enough to
warrant its own uniquely identified factor in the model (Table 3).

As defined by Carol Couvillion Landry (2003), outcome
expectancy is a “person’s estimate that a certain behavior will
produce a resulting outcome ... Outcome expectation is thus a
belief about the consequences of a behavior.” In the domain of
student outcome expectations, the research team members explore
the future students envision for themselves after graduating with a
STEM degree and how career or educational “next steps” align with
their passions. The research team members also explore how prepared
they feel to embark upon that career given the educational experiences
(curricular, co-curricular, and extracurricular) in which they have been
able to participate (Table 3).

The finalized survey instrument explores all aspects of the
proposed model. The responses will provide data which will
inform the focus groups’ questions and interviews to be
conducted in the next stage of this research.

CONCLUSION

The research team plans to compare and contrast survey responses
regarding student perceptions of the following: self-efficacy,
research-related  self-efficacy, academic-related  self-efficacy,
sources of self-efficacy, outcome expectations, and STEM identity
in the context of their overall undergraduate institution(s)
experiences, STEM disciplines, participation in SIPs, and
aspirations for STEM graduate school and/or STEM careers. In
order to identify disparities, the research team will also compare the
responses of community college transfer, HBCU, and PWI students,
as well as other groups within the Alliance (e.g, categorized by
major, race, ethnicity, gender, among others). The validated survey
instrument distribution began in February 2021. Data will be
compared longitudinally and will inform the questions asked in
student focus groups planned for the future.

Understanding that organizational cultures differ amongst Alliance
institutions and that students possess intersecting identities, the

Frontiers in Education | www.frontiersin.org

19

May 2021 | Volume 6 | Article 667616


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Hargraves et al.

research team anticipates finding a range of student experiences and
program impacts specific to institutional contexts and personal inputs.
This research project will assess the differentiated impacts and
effectiveness of the Alliance’s broadening participation efforts in
order to improve program effectiveness. In addition, the research
team will seek to identify emergent patterns, adding to the field of
knowledge about culturally responsive SIPs. Results will be shared
with the VA-NC Alliance partners, the Alliance’s external evaluator,
the National Science Foundation, and LSAMP programs across the
country, among other stakeholders.
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There is a strong need in the United States to increase the size and diversity of the
domestic workforce trained in science, technology, engineering, and math (STEM). With
almost half of all students that earn a baccalaureate degree enrolling in a 2-year public
college at some point, the nation’s 2-year colleges provide great promise for improving the
capacity of the STEM workforce for innovation and global competition while addressing the
nation’s need for more equity between groups that have been historically included and
those that have been economically and politically disenfranchized. Almost half of
underrepresented minoritized (URM) students begin their post-secondary education at
2-year colleges yet their transfer rates within 5 years are only 16%. This study describes
interventions put in place at a 2-year college to support increased transfer rates and STEM
transfer readiness for URM STEM-interested students. The program studied, in place from
2017 through 2020, had an overall transfer rate of 45%. Analysis of administrative,
transcript, and student survey data connects the program interventions to the existing
research on STEM momentum and other research on URM STEM transfer success.
Ultimately, this study identifies potential leading indicators of transfer readiness, providing
much needed documentation and guidance on the efficacy and limitations of interventions
to improve upward STEM transfer.

Keywords: STEM transfer, community college, diversify STEM science technology engineering mathematics,
underrepresented minority, momentum, motivation, 2-year college, holistic support

INTRODUCTION

The United States public interests including national defense, safety, health, computing,
communication, and energy rely upon a domestic workforce that is highly trained in science,
technology, engineering, and mathematics (STEM). Initiatives to increase the numbers of students
who complete degrees in STEM must engage and retain students from racial and ethnic groups that
have been historically excluded from full participation in higher education and actively discriminated
against in the context of STEM education and research (Malone and Barabino, 2009; Benish, 2018;
McGee, 2020). Interventions that support students’ efforts to pursue a STEM career pathway while
addressing institutional practices and policies that limit access to or complicate the navigation of
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such pathways hold the greatest promise for impact and
sustainable change (Whittaker and Montgomery, 2012; Upshur
et al., 2018; Wilson et al., 2018).

The transfer pathways between 2 and 4-year institutions play a
critical role in growing a bigger and more diverse domestic STEM
workforce (National Science Board, 2015). Collectively,
community colleges have more students enrolled for degree
credits than 4-year public and private institutions combined
(Horn and Skomsvold, 2011; Handel and Williams, 2012).
National Student Clearinghouse data show that almost half of
students who have obtained their baccalaureate degrees had been
enrolled in a 2-year public college during the previous ten years
(Two-Year Contributions to Four-Year Completions, 2017). In
2010, Black and Hispanic students made up 23.3% of all students
who began post-secondary education and almost half (49.6%) of
those students started their college enrollment at a 2-year public
college (Shapiro et al, 2017a). The Beginning Postsecondary
Student Longitudinal Study (BPS) found that among first-time
community college students, 80% of White students expressed an
interest of earning at least a bachelor’s degree with slightly larger
percentages of Black (83%) and Hispanic (85%) students
expressing such an interest (Horn and Skomsvold, 2011;
Handel and Williams, 2012). Among community college
students who are in STEM disciplines, 75% indicate they are
enrolled to obtain credits toward STEM baccalaureate degrees
(Mooney and Foley, 2011).

Transfer rates and degree completion rates are not consistent
with the large percentages of students who intend to earn a
bachelor’s degree. On average, 26% of community college
students transfer to a 4-year institution each year. For students
who begin their post-secondary education at a 4-year institution,
the degree completion rate is 70% for enrolled juniors. For
transfer students, the six-year baccalaureate degree completion
rate is 45% (Handel and Williams, 2012). When the scope of
transfer success is narrowed to students majoring in science and
engineering disciplines, the outcomes are even more concerning.
An analysis of six-year outcomes for community college students
found that 16% of science and engineering students and 7% of
technician' students had completed a STEM baccalaureate degree
(National Academies of Sciences, E., and Medicine, 2016). With
respect to broadening participation in STEM, the factors that slow
or complicate transfer and degree completion have a
disproportionate impact on students from minoritized groups
(Black, Latino/a, Native American, Alaskan Native, Native
Hawaiian and other Pacific Islanders). One study found that
the 2-4-year transfer rate after five years was 23% for White
students compared to 16% for Black and Hispanic students (Horn
and Skomsvold, 2011). With respect to degree completion, Black
and Hispanic students starting at a 2-year college have bachelor’s
degree completion rates after six years of 8.6 and 10.8%,
respectively, compared to 19.2% for White students (Shapiro
et al,, 2017a).

'"Technician in this context refers to occupational programs that award a certificate
or applied associate degree.

Increasing STEM Transfer Readiness

The discrepancy between student enrollments in community
colleges with the intention to transfer and complete a degree in
STEM and the transfer and degree completion rates for the same
students indicates that the 2—-4-year transfer pathways into STEM
are not serving all students equally. The present study describes
an intervention, the Madison College Inspire Scholars Program,
to increase the STEM transfer readiness and ultimately transfer
rates for underrepresented minoritized (URM) students® who are
intending to pursue STEM careers. The program was based on an
existing transfer preparation program at the college and on
Wang’s research (Wang, 2015a; 2015b) on supporting students
with transfer aspirations in STEM.

LITERATURE REVIEW

Research and Evidence for Clear Pathways

to Transfer Success

Wang'’s holistic theoretical model for community college student
success specifies three domains within which momentum is
developed:  curricular (e.g, course-taking  trajectories);
motivational (e.g., students’ aspirations and beliefs); and
instructional (e.g., classroom and advising approaches that
support students’ engagement with learning a discipline)
(Wang, 2017). Four key factors that stop or slow STEM
transfer momentum are financial barriers, lack of clear
pathways, inadequate or lack of advising, and lack of
professional development for faculty, which she refers to as
counter-momentum friction (Wang, 2017). Providing support
and resources in each of these domains is key to supporting
successful STEM transfer and baccalaureate degree attainment.
The curricular and motivational momentum domains are the
primary focus of this project.

Wang’s momentum domains align well with other research on
successful STEM transfer initiatives. For example, within the
instructional domain, research shows the need to improve
advising as a method to support student transfer in STEM
(Carlsen and Gangeness, 2020; LaViolet and Wyner, 2020;
Packard and Jeffers, 2013). Additional case studies have
highlighted successful STEM transfer initiatives that address
the motivational domain through holistic mentoring (Luedke,
2017; Rodenborg and Dessel, 2019) and development of a STEM
identity (Rodriguez et al,, 2017), and the curricular domain
through strong transfer partnerships (Xu et al, 2018). In
addition to addressing the counter-momentum friction that
students experience, additional research has shown positive
connections around supporting student momentum. The
concept of “STEM Momentum” first defined by Wang
(2015b), and based on prior work on academic momentum

*In this paper we use the term “underrepresented minoritized” (URM) to describe
minority status based on disproportionate numbers of people from different ethnic
and racial backgrounds. The term minoritized in this context reflects both the
numeric underrepresentation as well as structural, social, and cultural factors that
affect access to and persistence in STEM disciplines for students of color (Benitez,
2010; Stewart, 2013).
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(Attewell et al., 2012), is the idea of studying both the quantity of
STEM credits and the quality of progression in the STEM courses
as leading indicators of successful STEM transfer. Wang focuses
on the quantity and quality of students’ progress through STEM
coursework as a direct indicator of their momentum toward a
likely, successful transfer. This is accomplished through analyzing
a component of STEM momentum called STEM “Quality Points”
a community college STEM-aspiring student earned in their first
semester. STEM Quality Points (QP) represent the “velocity”
component of STEM momentum and are calculated as the
product of STEM course credits and associated course grade.
For example, a B in a four-credit STEM transfer course equates to
twelve STEM Quality Points. The number of STEM QP earned in
a semester is an indicator of the speed that a student is working
through their STEM coursework.

Wang’s research on STEM momentum found that the
predicted probability of baccalaureate attainment for a student
starting at a community college was 11% compared to 46.6% for a
comparable student beginning at a 4-year college. Wang found
that increasing STEM QP in the first semester by one-point above
the mean has a larger increase on the predicted probability of
STEM success for 2-year college students than for students
beginning at a 4-year college (5.5 vs. 2.8% increase). The
importance of STEM momentum for STEM success reflects
the social and economic factors that shape the pursuit of
higher education for students who begin their studies at a 2-
year institution compared to a 4-year institution. Students
enrolling at 2-year institutions are more likely to have lower
income, be first generation college students, and from groups that
are minoritized in higher education, especially in STEM
disciplines (National Center for Public Policy and Higher
Education, 2011).

Existing Barriers

Many interrelated factors impede students’ transfer and degree
attainment (Hagedorn et al, 2006; National Academies of
Sciences, E., and Medicine, 2016; Wang et al, 2020). The
financial burden of pursuing post-secondary education is one
of the most significant barriers. Four-year institutions do not
accommodate the working lives and income levels of their
students to the same degree that community colleges do (Hill,
2017; National Academies of Sciences, E., and Medicine, 2016).
On average community college tuition rates are much lower than
tuition rates at 4-year institutions. In addition, community
college students are more likely to work, and to work more
hours per week, than their 4-year institution counterparts.

The financial burden of higher education is further
complicated by the issue of how credits earned at a 2-year
college are transferred into a 4-year institution. Credit
transfers, especially for coursework in STEM majors which
typically sequence courses, are not guaranteed even when
institutions have articulation agreements. Transfer students
report that they do not have sufficient advising to help them
identify their options for STEM pathways and navigate the
coursework to optimize time and resources spent on preparing
for transfer into a STEM major at a 4-year institution. In addition,
those pathways are often difficult to navigate and vary based on
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which 4-year institution the student plans to transfer to, further
exacerbating the problem (Bailey, 2015; Handel and Williams,
2012; National Academies of Sciences, E., and Medicine, 2016;
Wang, 2020; Wang et al., 2020).

One of the conditions necessary for transfer pathways to
increase access and diversity in STEM include collaboration
with transfer institutions. Access created by direct transfer
agreements that specify course and credit equivalencies
between institutions is a step in the right direction.
Articulation agreements that guarantee “credits will transfer”
do not shorten transfer students’ time to degree if the credits
from 2-year institutions are only counted as electives. Credits
have to count toward required coursework within the major,
especially because coursework in many STEM majors is
sequenced (LaViolet and Wyner, 2020). An additional way to
increase STEM success is to provide students opportunities to
engage with high impact practices, especially the promising
practice of undergraduate research. Research has demonstrated
the positive impact on STEM success for students that engage
with undergraduate research (Brownell and Swaner, 2009; Eddy,
2014; Kilgo et al.,, 2015), though there are barriers to access for
community college students which can be partially overcome
through  utilizing REU’s (Research  Experiences for
Undergraduates) that specifically target 2-year and URM
students. There is also a need to better understand the two-
year student population (Wickersham, 2020), especially the
structural inequality and its impact on access and equity for
underrepresented minoritized students (Bowleg, 2008).

DESIGN OF INSPIRE SCHOLARS
PROGRAM INTERVENTION

Inspire Scholars Program Background

Madison Area Technical College (Madison College) is a
comprehensive, public two-year college serving a district
spanning twelve urban and rural counties in south central
Wisconsin. Madison College provides a critical educational
on-ramp to a baccalaureate degree especially for URM
students. Our student population is diverse, with URM
students making up more than 20% of our STEM associate
degree students. Madison College has been a member of the
19-institution consortium that makes up the Wisconsin Louis
Stokes Alliance for Minority Participation (WiscAMP) since
2012. The Madison College WiscAMP Scholars Transfer
Preparation Program (WSTPP) builds upon direct transfer
agreements created between Madison College and the UW-
Madison College of Engineering, Milwaukee School of
Engineering, UW-Milwaukee, and UW-Platteville. The
WSTPP supports URM students whose academic profiles
indicate they have STEM momentum and anticipate
transferring into a 4-year STEM major within one year.
The program facilitates students’ transfer success by
providing professional development, faculty mentoring,
financial support through a stipend, and connecting them
with programs and research opportunities at UW-Madison
prior to transfer. Overall, 62% of WSTPP students transfer
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into a 4-year STEM major within a year of having participated
in the program. Based on the success of the WSTPP, Madison
College STEM faculty and administrators looked at how to
extend the program’s impact by expanding eligibility to the
student supports in the WSTPP and expanding the supports
available to help students build STEM momentum.

Though successful, the WSTPP has a number of limitations
that the Inspire Scholars Program (ISP) was developed to address.
One goal of the ISP was to “cast a wider net” through three key
program eligibility changes to increase access to the program. The
changes were based on research and direct experience with the
WSTPP scholars. One limitation built into the design of the
WSTPP is the eligibility requirements for students to participate.
Since WSTPP was designed for students that were already well-
established in their transfer path, it excludes the majority of
STEM URM students that could benefit from the program. There
are three eligibility requirements that create the largest barrier to
the program. They are 1) the minimum math requirement of
college algebra or higher (aka. transfer-level math), 2) a
minimum GPA of 2.8, and 3) the requirement that the
scholars maintain full-time enrollment. For example, in the
first semester of ISP implementation (Fall 2017), there were
3,310 students enrolled in STEM associate degree programs’
with URM students totaling 820 (24.8%) of total enrollments.
Of the 820 students, only 59 of the URM students were eligible for
WSTPP.

Nationwide, data on student progression through
mathematics demonstrates that there is a need for support for
students in math below the level of college algebra. In Wang’s
research on STEM momentum (Wang, 2015b), the analysis was
restricted to students that were in their first semester at the
beginning of the study period that had started their math
coursework at the level of college algebra or higher. However,
the majority of students attending two-year colleges start their
mathematics coursework at one or more levels below college
algebra (Bailey, 2009). Remedial math courses are often seen as a
“gatekeeper” to STEM success (Hagedorn and DuBray, 2010;
Zhang, 2019). Only 12% of students that begin math at Madison
College at the level of elementary algebra (two “levels” below)
successfully progress to college algebra within three years, a rate
that aligns with national figures. In addition, experience with
scholars in WSTPP, led us to reflect on the need to provide more
flexibility for scholars to participate in the program. This
flexibility is achieved for ISP participants by reducing the
enrollment requirement to half time or higher, and the
minimum GPA to 2.25. These changes, along with the third
change of reducing the minimum math level to elementary
algebra, significantly increased our pool of eligible students.
Out of the 820 enrolled URM students in fall 2017, more than
half of them (463 students) were eligible to apply to the Inspire
Scholars Program. This “wider net” allowed us to more broadly
recruit for the program across the college community and

*Madison College STEM associate Degree programs are provided in the
Supplementary Materials.
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increase awareness of the program with, not only students, but
also advisors and faculty.

Wang’s model for STEM momentum provided a framework
for expanded supports for students in the ISP. Supporting
students’ curricular momentum was not explicitly included in
the WSTTP design. Intentional development of supports to
address curricular momentum came through understanding
the critical importance of first semester STEM QP on student
transfer success. A challenge and an opportunity for the program
came in the background of the ISP participants. The majority of
the participants were not in their first semester of post-secondary
education and 2/3 of the participants started their math sequence
below college algebra. The ISP was designed to both track and
support STEM QP attainment each semester students were
involved in the program.

A further innovation and expansion of supports for ISP is the
design of tiered participation, modeled after the UW-Milwaukee
WiscAMP STEM-Inspire program (https://uwm.edu/steminspire/
program-overview/). This design provided multiple opportunities
for students to engage in the program and allowed the students to
maintain connection to the program and the student community
throughout their time at Madison College. The different roles in the
program are shown in Figure 1. As can be seen in the figure, when
developing the model, the design was based on the idea of “vertical
transfer”. Vertical transfer is defined as a student’s movement from a
2-year institution into a 4-year institution. Though there are some
choices built into the design, in essence, the program was built for
students to “enter” the program on the left as a Scholar Participant and
then “advance” through the various roles until they successfully
transferred in STEM.

Inspire Scholars Program Implementation

In Fall 2017, Madison College opened the doors on its new STEM
Center. The ISP leveraged the new space as its hub for the project.
The space was the primary location for Inspire participants to
gather, build community, and work together on STEM
coursework either independently, through weekly participant
“Study Jams” or with the help of an ISP peer tutor. In
addition to utilizing the STEM Center, ISP also provided the
supports listed in Table 1. The PI and Co-PI were funded to
provide a release of 31 and 18%, respectively, for the first year of
the program to develop and implement the infrastructure needed
to administer the ISP. This release was reduced to 9 and 0%,
respectively, during year 2 of the program. In the third year of the
program, a project manager position within the STEM Center
was created and filled. A significant portion of the administrative
duties associated with the ISP were transitioned to the project
manager. Therefore, no funding for release time was provided to
either the PI or Co-PI during the third year. Seventeen full time
faculty applied their service hours as faculty mentors. Funding
was provided for six part time faculty to also serve as mentors to
participants. Faculty mentors were required to meet with their
mentees for at least 2 h/mo and encouraged to attend the bi-
weekly meetings (2 h/mo). The Co-PI developed and conducted
training workshops and provided a handbook for all faculty
mentors. Each semester, up to 35 students could be supported
by the program in the roles shown in Figure 1. As many as four
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Inspire Scholar
Participants

.
1

FIGURE 1 | Tiered participation model in the Madison College LSAMP Inspire Scholars Program.

Inspire Scholar Peer Guides

Transfer to 4-Year Institution
Majoring in STEM

TABLE 1 | Student supports provided in the Madison College Inspire Scholars Program.

1 Provide stipends tied to the participant commitment and level of involvement

2 Expand recruiting strategies to include classroom visits, collaborating with institutional research to improve targeting and
with the madison college recruitment office to coordinate with other STEM-related student outreach efforts

3 Implement faculty mentor training through a college-wide mentor-training initiative that included a mentoring handbook to
support holistic mentoring

4 Coordinate career exploration workshops, additional student research opportunities and industry tours through
collaboration with the madison college career and employment center

5 Develop leadership skills through professional development for peer leaders, guides and tutors

6 Support participant science identity through required participation in STEM outreach activities to K-12 and community
partners

7 Provide academic and career professional development in biweekly meetings and engagement with the STEM Center’s
“STEM speaker” series

8 Provide academic and social support to scholars through peer tutoring and biweekly study sessions

9 Provide faculty mentoring for participants from trained STEM faculty

10 Provide a “bridge” to transfer with UW-Madison through a transfer collaboration effort with UW-Madison WISCIENCE and a

team of student ambassadors from UW-Madison

students served as peer tutors and three students served as peer
leaders. Peer tutors worked up to 14 h/wk per semester and peer
leaders worked up to 12 h/wk per semester. Funding of $100 per
academic year was also provided for up to three peer guides.
Funding provided for up to 25 participants to receive a maximum
stipend of $500 per semester. Stipends were adjusted relative to
participant commitment and involvement in the program. The PI
developed and implemented a training program/and or
coordinated the activities of the peer tutors, peer leaders, and
peer guides.

Each of the program components supports students’
aspirations for transfer in specific ways. Access to transfer
services is key for supporting STEM student momentum for
transfer (Wang et al, 2017a). ISP participants received this
support through presentations during the ISP participant
biweekly meetings, targeted text messaging or “nudging” (Bird
et al,, 2021; Castleman & Page, 2015) to attend transfer fairs and
scheduled transfer advising sessions, and engaging with faculty
mentors. The research shows a strong correlation between
successfully transferring in STEM and a STEM-interested
student’s identity as a STEM learner (Carlone and Johnson,
2007; Garcfa and McNaughtan, 2020; Rodriguez et al.,, 2017;
Wang, 2020; Wang et al, 2020). Supporting ISP participants’
STEM identity was done through holistic faculty mentoring,
career presentations led by STEM professionals of color, and
engaging the peer guides (participants that had already

successfully transferred into STEM) to work with the
participants. Requiring participants to develop and staff STEM
outreach activities also allowed them to strengthen their STEM
identity (Atkins et al., 2020). Another support for students was in
the curricular momentum domain in the form of opportunities for
tutoring and academic support from peers utilizing the peer tutors
in the ISP and regular, required group study sessions (study jams)
held in the STEM Center. (Jackson et al., 2013; McPhail, 2015).
These opportunities were built to support not only curricular
momentum, but also support community building and the
participants’ STEM identity. How students are advised and
mentored regarding which classes to take, the sequence of
classes, and the numbers of classes is also critical as these
interventions all support STEM QP attainment (an indicator of
curricular momentum). As such, the program provided
professional development for faculty mentors and presentations
to advisors on the importance of STEM QP and how advising and
mentoring could best support students in this domain.

Further research into student success emphasizes the need to
focus on “non-cognitive” factors (Farrington et al, 2012)
including motivational attributes to support students’ upward
STEM transfer aspirations. One of the critical ways to support
student motivation is through regular mentoring (Dowd, 2012;
Packard, 2012). ISP provided mentoring through biweekly
meetings with faculty mentors, leadership with peer leaders,
and support to apply for and participate in summer REU’s.
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An additional support mechanism came in the form of the ISP
student community. Building community among the scholars has
been shown, through programs such as the Meyerhoff
Scholarship Program at the University of Maryland Baltimore
County, and the PEERS program at UCLA to have a strong
positive impact on URM student STEM success (Maton and
Hrabowski, 2004; Stolle-McAllister et al., 2011; Toven-Lindsey
etal,, 2015). By providing the varied roles in the program, the ISP
was able to accept 69 students into the program over the course of
the three years. The maximum number of students recruited in a
single semester for the program was 33, which occurred in the
first semester. Overall, the average number of students per
semester in the program was 25.5. Participants were required
to attend biweekly meetings for academic and career professional
development, and for community building. The peer leaders were
also tasked with supporting community through organizing
volunteer activities and reaching out to participants that were
unresponsive to faculty mentors.

Inspire Scholars Program Eligibility and

Recruiting

The eligibility requirements for the program varied based on the
role of the participant. As shown in Figure 1, there were four
possible roles for ISP participants. Each tier of student
participation had unique requirements for the students,
though all tiers required students to be classified as URM
students interested in STEM transfer who are either
United States citizens or permanent residents. Each student
role was recruited based on the additional criteria outlined below.

e Inspire Scholars Participant-Qualifying students are URM
students with an interest in a STEM career that are:

o Applicants to the WiscAMP Scholars Transfer
Preparation Program that were not selected OR

o Part-time (min six credits) or more STEM-interested
URM students that

= Have a 2.25 minimum GPA.
- Complete the LSAMP Inspire Scholars Participant
Application.
e Inspire Scholars Peer Tutors—Qualifying students are:

o URM students that have taken STEM coursework and
earned an A or AB in the course.

e Inspire Scholars Peer Leaders—Qualifying students are:

o URM students that have participated in the Inspire Scholars
Program or WiscAMP Scholars Transfer Preparation Program
that wish to gain leadership skills through the peer leaders
program.

e Inspire Scholars Peer Guides—Qualifying students are:

o URM students that have participated in the Inspire Scholars
Program or WiscAMP Scholars Transfer Preparation
Program that have successfully transferred in STEM.

Recruiting for the program took on a “multipronged”
approach. Because of the opening of the new STEM Center, a
key aspect for the recruiting effort was to utilize the new STEM
Center to let the broader college community know about the
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program and utilize the Center as a hub for collecting applications
and fielding inquiries about the program. In its first semester,
STEM faculty visited 84 STEM classrooms on behalf of the STEM
center to promote the program and encourage students to apply.
Utilizing student data gathered from the Institutional Research
office, email contact information for all underrepresented eligible
students at the college was used to send out targeted recruiting
emails. Undeclared students were included in this group, leading
to emails sent to 1,454 students. Additionally, because of the
tiered participation model, former WSTTP applicants and
participants still on campus were contacted and encouraged to
apply to the program. Another targeted effort came from
emailing faculty that teach the developmental math courses
(elementary and intermediate algebra) with a list of the URM
students in their classes and requesting that they personally invite
their students to apply. An effort was also made to work with
other programs at the college including TRiO, Scholars of
Promise, and the Scholars of Color Mentoring Program. The
ISP application was provided to personnel in those programs to
pass on to any STEM-interested URM students in their
program(s). Finally, STEM faculty staffed a recruiting table
during new student orientation to identify eligible students
and encourage them personally to apply.

During the three years of the ISP, 115 students submitted a
completed application, and 69 students were accepted into the
program. The students who were denied participation in the
program generally fell into two groups. Most were not members
of the minoritized groups eligible to participate in the program as
defined by the National Science Foundation. The second group of
students who were denied participation did not show any
evidence that the option of transferring to a four-year
institution was being given serious consideration. Students’
lack of intention to transfer was demonstrated by the absence
of any transferable STEM courses in their academic record and/or
by explicit statements provided in the application.

EVALUATION

The Inspire Scholars Program had the overarching goal of
broadening participation in STEM degree career pathways. It was
developed to augment the successful Madison College WSTTP by
providing broader and more diverse entry points into some of the
proven programming and supports already in place for the
WiscAMP Scholars. The program had three specific objectives.

o Objective #1: Increase the STEM transfer readiness of all
Inspire Scholars Program participants.

o Objective #2: Increase the number of URM students that
successfully transition from remedial math coursework into
the STEM transfer track.

o Objective #3: Increase the number of URM Madison
College students who transfer into STEM programs at
the college’s top STEM transfer institutions.

Assessment of the program draws from transcript data (to
track accumulation of students’ STEM quality points and
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transfer success) as well as surveys administered to students
when they began and exited the program. The survey
instrument was modified from the upward transfer survey
instrument developed by Wang (Wang, 2016; Wang and Lee,
2019).

Key Indicators of Program Success

The focus of this study is on Objective 1. The program definition
of STEM transfer readiness is based on the work around STEM
Momentum advanced by Wang (Wang, 2015b, 2017; Wang,
2020). Transfer readiness includes both curricular momentum
(operationalized as STEM Quality Points) and aspirational
momentum (operationalized through multiple scales assessing
key attitudes and beliefs as outlined below). The survey questions
and categories as described below were modified from Wang’s
upward transfer survey instrument (Wang and Lee, 2019). The
complete set of matched questions used in the analysis in each
category is available in the supplementary materials.

STEM Quality Points

Transcript data was used to track participants’ STEM Quality
Points attained per semester which are calculated as a function of
math and science course credits multiplied by the grades earned
for the course. For example, a student who completed a four-
credit math course with a 3.0 earned 12 quality points.

Math Self-Efficacy

Completion of transfer-level math is often used by programs
(including the WSTPP) as a benchmark for identifying students
who are likely to transfer successfully into STEM. The aim of ISP
was to expand access to transfer preparation opportunities and
include students who were not yet ready to enroll in transfer-level
math. The program activities aimed to support the development
of math self-efficacy to support students’ continued coursework
in math and science. Math self-efficacy was assessed by responses
to five questions (e.g., “How confident are you that you can do
well on math exams?“) on Likert scale items (1 = “not atall” to 5 =
“extremely”). Wang and Lee (2019) have documented a
Chronbach’s alpha for this measure of 0.95. The scale
reliability analysis of the measure for this sample resulted in
alphas of 0.93 and 0.95, for the baseline and first follow-up
surveys, respectively.

Science Self-Efficacy

Students’ confidence that they can master content with a science
discipline was assessed by responses to five questions (e.g., “How
confident are you that you have the ability to master the material
taught in science?“) on Likert scale items (1 = “not at all” to 5 =
“extremely”). Wang and Lee (2019) have documented a
Chronbach’s alpha for this measure of 0.96. A scale reliability
analysis of the measure for this study resulted in alphas of 0.95
and 0.96, for the baseline and first follow-up surveys, respectively.

Support for Transfer

Wang’s holistic model of STEM momentum considers the
supportive factors that contribute to students’ persistence in
navigating the STEM transfer pathway. Students’ levels of
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support for transfer were assessed with responses to four
questions, two regarding support from family and friends and
two regarding financial support for the current and future
academic goals on Likert scale items (1 = “none” to 5 = “a
great deal”). Wang assessed the four items used for this scale in a
confirmatory factor analysis (see Wang and Lee, 2016). The scale
reliability analysis of the measure for the present study resulted in
alphas of 0.67 and 0.59 for the baseline and first follow-up
surveys, respectively.

Transfer Information Acquisition

Students’ lack of information about the transfer process and
options for navigating the STEM transfer pathway can result
in costly decisions in terms of time, money, and academic
performance. Students’ transfer information acquisition was
assessed with five Likert responses to questions regarding how
familiar students were (1 = “not at all” to 5 = “extremely”) about
different resources for guiding their transfer process. Wang
assessed the five items used for this scale in a confirmatory
factor analysis (see Wang and Lee, 2016). The scale reliability
analysis of the measure for the present study resulted in alphas of
0.89 and 0.93 for the baseline and first follow-up surveys,
respectively.

Transfer Capital

Students’ connections to places and people who can help
them navigate the transfer pathway were assessed with
responses to five questions regarding actual behavior and
intentions (e.g., “Have you met with a transfer advisor from a
4-year college or university?“). Responses were scaled 0 to
two based on three response categories: 0 = “No, and I don’t
intend to;” 1 = “No, but I do intend to;” and 2 = “Yes”). The
measure of transfer capital is changed from Wang and Lee
(2016) survey which used confirmatory factor analysis to
assess a five-point Likert scale measuring Transfer-
Oriented Interactions with 1 = “Never” to 5 = “Very
often.” For the evaluation of the ISP, participants were
asked to report on their actions with respect to five
activities that directly support transfer. The scale reliability
analysis for this adapted scale resulted in alphas of 0.60 and
0.65 for the baseline and first follow-up surveys, respectively.

Transfer Self-Efficacy

One specific question was used to assess students’ transfer self-
efficacy: “How confident are you about your ability to handle the
process and requirements for transferring to a four-year college
or university?” with responses in the form of a Likert rating (1 =
“not at all” to 5 = “extremely”).

Evaluation Outcomes

A total of 69 students participated in the Madison College Inspire
Scholars Program from 2017 to 2020. Table 2 provides the
demographic information for program participants and
Table 3 provides information about the participants’ academic
pathway. The average age for all participants in their first term
with the program was 23.3 years old with a median age of 20, with
Black students making up the majority of 24 and older students.
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TABLE 2 | Inspire Scholars Program participant demographic information in their first term in the program.
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N (=69) %?

Gender Male 35 51
Female 34 49

Age at first semester of program participation 17-19 31 45
20-23 17 25

24-29 8 12

30 and older 13 19

Race/Ethnicity Black 30 43
Hispanic 31 45

Multiracial 5 7

Native American 3 4

4Percentages may not total 100 due to rounding.

TABLE 3] Inspire Scholars Program participant academic plan in their first term in
the program.

Academic plan Number of students

Civil engineering technology 2
Electrical engineering technol 2
Information technology 5
Liberal arts transfer-Arts 8
Liberal arts transfer—Engineering 7

Liberal arts transfer-Science 42
Mechanical design technology 1
Medical laboratory technician

Undeclared degree credit 1
Grand total 69

These ages are in line with the entire population of eligible
students during the semesters the program was running,
where the average age of all eligible students was 23.7 years
old with a median age of 21. Based on survey responses, 61%
of the participants were first generation college students. Since
surveys were limited to participating students, it is not feasible to
develop a comparison group to broaden the impact of this study.
Specifically, one issue that arises is the difficulty comparing first
generation status and economic standing with other students
across the college due to the fact that the college only recently
started collecting this data from all students, and many students
choose not to report those items to the college. For example, only
4% of the participants did not report status for first generation in
the program survey, whereas 35% of the participants and 33% of
eligible students did not report that information to the college.

Transfer Readiness Analysis

As stated in objective 1 for the project, the STEM Quality Point
attainment of the scholars is one of the factors used to identify
“transfer readiness”. In Wang’s analysis on STEM momentum,
transfer results were looked at within 6 years of the student’s first
term. The student cohort was limited to students in their first
semester in 2003-2004, aged 23 or younger, majoring in a STEM
field when first enrolled, and had taken at least one transfer-level
STEM course during their first year. In addition, remedial math
courses were excluded from the STEM momentum measures, and

STEM programs were limited to those available at both a 2-year
and a 4-year institution (Wang, 2015b). The population of
students that participated in the ISP does not align easily with
the cohort utilized by Wang for calculating STEM QP. This is a
direct result of the tiered participation model and the decision to
allow students entry into the program at math course-taking
levels below college algebra. In fact, only six of the 69 scholars
meet the cohort limitations from Wang’s study. Even so, the
evaluation of participants’ transfer readiness was an opportunity
to calculate STEM QP for the broader population in the ISP and
make some preliminary findings on how well STEM QP
correlates with STEM success for students outside the limited
cohort previously studied. To assess the STEM Quality Points of
the ISP participants, it was therefore necessary to develop a set of
assumptions that aligned with and expanded those set by Wang.
The set of assumptions used to analyze the STEM QP for the ISP
were developed by looking at Wang’s assumptions and making
appropriate adjustments. First, since the program was in place
starting in Fall 2017, the maximum number of years for this study
is limited to at most 3 years since program start (instead of the
6 years used by Wang). In addition, due to the design of the
program, only eleven of the 69 participants were in their first term
(16%), and 48 participants were 23 years old or younger (70%) in
their first term as a participant, it was therefore decided to not
limit the cohort to students in their first term. Since the ISP
cohort also included students with transfer credit, the STEM QP
analysis excluded participants with 16 or more credits transferred
in from another college. 16 credits was chosen based on 15 credits
representing one semester for a “full-time equivalent” student
which ensures that the majority of the student’s coursework was
completed at Madison College. This limitation excluded five
scholars with 16-45 credits of transfer coursework. In
addition, because this study is focused on STEM Quality
Points, scholars that successfully completed transfer-level math
or other STEM coursework at another institution were also
excluded from the STEM QP analysis (2 additional scholars
excluded). This study also deviates from Wang’s analysis in
that it has no age limit and does not look at STEM
coursework to determine STEM intent since eligibility for the
program required all students to have a stated interest in
transferring into STEM and an expectation to earn a
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bachelor’s degree or higher. To maintain alignment to Wang’s
analysis, the STEM QP calculations in this study were limited to
the students in the Liberal Arts Transfer program, since much of
the course work students completed in the other programs was
not “readily transferrable” to a 4-year college. Finally, since
Wang’s STEM momentum analysis focused on the first
semester a student took coursework, and fully 2/3 of the
program participants took at least one remedial math class at
the college, “first semester” for STEM QP calculation was defined
for this program as the (non-summer) semester where the
student first attempted transfer-level math. Five of the scholars
never attempted transfer-level math and thus were also excluded
from the STEM QP analysis. These limitations ultimately
produced a cohort to study STEM QP of 47 students (68% of
the ISP participants).

The STEM QP students attained was calculated for the 47
students during each semester they participated in the ISP. Of the
47 students, 19 of them attained their “first semester STEM QP”
before the program and 22 students attained them during their
time in the program. The median number of first semester STEM
QP between the two groups was 15 (before) and 19.5 (during).
Recall that STEM QP is a focus of this study because higher first
semester STEM QP attainment is associated with higher
probability of STEM transfer success. So, how did these
students fair regarding transfer? Fifteen of the nineteen
students that completed their first semester STEM QP before
the program successfully transferred with a median STEM QP for
this subgroup of 20. Of the 22 students that earned their first
semester STEM QP during the program, 11 have successfully
transferred and/or earned an associate degree with a median QP
of 27. It is worth noting that, although fewer students have
transferred that completed their first semester STEM QP
during the program, those students were, on average, not as
far along in their transfer journey as those students that had
already completed transfer level math prior to starting the
program.

Overall, the mean first semester STEM QP for all 47
participants was 15.8 with a standard deviation of 12.3.
Participants were much more likely to have successfully
transferred and/or earned an associate degree if they earned
first semester STEM QP above the mean.

- 10 out of 24 transferred (42%) that earned STEM QP below the
mean Vvs.

- 18 out of 23 transferred and/or earned an associate degree
(78%) that earned STEM QP above the mean.

To assess how program participation might influence
participants’ attitudes and behaviors relevant to STEM
transfer, scholars were required to complete a baseline survey
upon entrance into the program, and a follow-up survey at the
end of each semester they participated. Sixty-four of the 69
participants (93%) completed the baseline survey, and 48 of
the 69 participants completed the follow-up survey at least
once (70%). A total of 45 scholars completed both a baseline
and at least one follow-up survey. For participants that completed
either survey more than once, the first submission of each survey
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was utilized for analysis. Although this restriction limits the
amount of time between the baseline and the follow-up
assessment, it reduces the likelihood that participants’
responses will be influenced by responding to the same survey
questions multiple times.

Comparison of participants’ baseline and follow-up reports of
their intent to transfer in STEM, shows no significant change. It is
important to note that a program eligibility requirement was a
stated intent to transfer in STEM, so the mean response to the
survey question “How likely are you to transfer to a four-year
college or university to study in a program within science,
technology, engineering, and mathematics (STEM) fields of
study? was 4.4 in the baseline survey, and 4.5 in the follow-
up survey (out of a 5-point Likert scale). The survey responses
were combined into the scales previously described: Math Self-
Efficacy, Science Self-Efficacy, Support for Transfer, Transfer
Information Acquisition, and Transfer Capital. A sixth
measure, Transfer Self-Efficacy, was measured with a single
item. The means for each scale were calculated for the baseline
survey responses and for the first completed follow-up survey.

Table 4 summarizes the paired ¢-test analyses used to gage the
program impact on six cognitive and behavioral indicators of ISP
participants’ STEM momentum. Four of the six measures show
significant increases with the largest effect sizes found for changes
in transfer information acquisition and transfer capital (1.08 and
1.01, respectively). Recall that the measure of transfer capital
assesses participants intention as well as actual completion of five
activities that are related to developing transfer capital. Responses
to each of the five questions about transfer capital activities (e.g.,
Have you met with a faculty member at a 4-year institution?)
range from 0 “No, and I don’t intend to do s0,” 1 “No, but I intend
to do so,” and 2 “yes.” The pre- and post-means are both greater
than 1, the maximum score that could be achieved with only
“intentional” responses, thus indicating that participants have
completed or intend to complete at least some of transfer capital
activities.

Transfer Pathway Progress

Thirty-One of the participants (45%) have successfully transferred
since the program began in Fall 2017, with thirty of the participants
transferring in a STEM major. This transfer rate is more than twice
the 21% baseline transfer rate of URM STEM transfer students
from Madison College for the Fall 2017 cohort. In addition, half of
the program participants that transferred also graduated from
Madison College with an associate degree along with an
additional eleven participants, resulting in a total of 42 out of
the 69 participants successfully earning an associate degree and/or
transferring (61%). Table 5 shows the transfer pathway progress
based on gender as well as race/ethnicity. Women were more likely
to have transferred than men (53% and 37%, respectively).
Multiracial, Native American, and Hispanic students were more
likely to stop out than Black students.

The program was also designed to support students that were
traditionally ineligible for the WSTTP, including those students
that are at the beginning of their college career or are taking
remedial math coursework. Research by Bahr (Bahr, 2010) on
students’ experiences with remedial math, found that Black and
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TABLE 4 | Summary of paired T-Tests for transfer readiness analysis.

Increasing STEM Transfer Readiness

Mean St. Dev T Df Sig. (1-Tailed) Effect size

Pre Post Pre Post (Cohen’s D)
Math self-efficacy 3.99 4.09 0.792 0.812 0.909 44 0.185 0.72
Science self-efficacy 4.06 4.04 0.748 0.741 0.168 44 0.434 0.70
Support for transfer 3.02 3.39 0.933 0.867 3.940 44 0.000 0.64
Transfer info. Acquisition 2.70 3.26 1.022 1.095 3.452 44 0.000 1.08
Transfer capital 1.34 1.48 0.396 0.407 2.584 44 0.007 0.37
Transfer self efficacy 3.60 3.87 0.837 0.842 1.773 44 0.042 1.01

AThese scales are to assess the effectiveness of the program interventions around improving participant self-efficacy in STEM transfer and navigating the college system.

TABLE 5 | Transfer pathway progress by gender and race/ethnicity for ISP participants (N = 69).

Transferred® Earned Enrolled Stopped-out
associate
degree
N % N % N % N %
Gender Female 18 53 2 6 5 15 9 26
Male 13 37 9 26 9 26 4 1
Race/Ethnicity Black 13 43 7 23 7 23 3 10
Hispanic 15 48 4 13 5 16 7 23
Multiracial and Native American 3 37.5 - - 2 25 3 37.5
Total 31 45 11 16 14 20 13 19

ATransferred includes students that transferred and also earned an associate degree.

Hispanic students are more likely to enter college needing at least
one remedial math course than their White and Asian
counterparts. They are also less likely to advance and achieve
a passing grade in a transfer-level math class than their White and
Asian counterparts. In Bahr’s study, one in nine Black students
that placed into remedial math eventually succeeded at
completing a transfer-level math course, and one in five
Hispanic students were successful, compared to one in four
white students and one in three Asian students. Of the Inspire
Program participants, 46 of the 69 participants took remedial
math at Madison College, with 25 of the participants (36%) taking
remedial math in their first semester as an ISP participant. Of the
25 students, 10 have transferred or earned an associate degree
(40%), and an additional seven students are still enrolled. Overall,
the 46 participants that experienced some math remediation have
a transfer and associate degree completion rate of 56.5%,
compared to 69.6% for the participants that never remediated
in math.

DISCUSSION

Two-year institutions are important access points for students
who want to pursue STEM careers, especially students from
communities that are minoritized in STEM disciplines. The
focus of this work is to describe a successful program at a 2-
year college that was designed to support underrepresented
minoritized (URM) students transferring from the two-year

college into a four-year STEM major at a four-year institution.
We are seeking an increase in STEM transfer readiness through
STEM Quality Point attainment, better self-efficacy in STEM
transfer and navigating the college system, and a greater
commitment to STEM transfer and career goals. Though
challenging to implement in practice, preliminary results from
this study suggest that supporting students in the curricular
domain to take more STEM credits and to successfully
complete those credits early in their academic career (analyzed
as first semester STEM Quality Points) improves their probability
of successfully transferring. Most striking, this result held true for
students even if they are starting their math trajectory below
college level. The median STEM QP attained by students that
successfully transferred and that completed their first semester
STEM QP during their time with the program was also
substantially higher than for the students that transferred and
completed their first semester STEM QP prior to participating in
the program. These promising results speak to the efforts put in
place to support students in the curricular domain, although
further research with a comparison group is needed to establish
the independent impact of the program on participants’ academic
progress and success. The program supports included providing
professional development to faculty mentors and academic
advisors on the importance of STEM Quality Points, and
through providing peer tutoring and weekly “study jams” for
participants to support their success in STEM coursework.
Additional support for participants, especially those at the
remedial math level, was found through interactions with peer
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TABLE 6 | Inspire Scholars Program participant momentum trajectories by academic load.

Academic load Linear upward

Half-time 2
Three-quarter time 2
Full time 28
Total 32

% Of total (out of 69) 46%

leaders, regular ISP meetings, and utilizing the STEM Center for
additional community building and peer support.

The process of developing the cohort and a definition of “first
semester” to use for analysis of STEM Quality Points brought
sharply into focus how few of the participants in ISP ‘fit’ the
traditional “vertical transfer” model. Wang and other researchers
have broadened the STEM Momentum model (Park et al., 2020;
Wang, 2017) to include student aspirations and motivation as
predictors of STEM Baccalaureate success. This more nuanced
look at the student experience is further investigated in Wang’s
book “On My Own” (Wang, 2020) which categorizes the STEM
student transfer experience into four “momentum trajectories”.
The first trajectory, called “Linear Upward” follows the vertical
transfer model that is the typical model for transfer from a 2 to 4-
year institution and is used in much of the research around
transfer (Handel, 2013; Handel and Williams, 2012; Shapiro et al.,
2017a; Shapiro et al., 2017b). The second trajectory is referred to
as “detoured”. This detoured group experiences delays in transfer
and/or engages in “swirling”, which, in itself, has many
definitions (Wang and Pilarzyk, 2009; Soler, 2020;
Wickersham, 2020), though, most generally is defined as back-
and-forth enrollment at different institutions. The third trajectory
is the “deferred” student, which is a student that chooses to forego
transfer after credential completion at the two-year college. The
final trajectory, called “taking a break” is the students that are
typically categorized as “stopped-out”, though, as noted by the
student interviews in the book, that does not necessarily mean
they will not return to their studies at a later time (Adelman, 2006;
Shapiro et al., 2017a). Each of these trajectories points to the
varied ways 2-year college students navigate their journey to
transfer and highlight the challenges researchers face to
understand the how and the why of successful STEM transfer.
The participant characteristics were matched onto the
momentum trajectories defined in Wang (2020, pp. 193-194),
leading to the breakdown for all 69 participants in the program as
shown in Table 6. As can be seen in the table, fewer than half of
the participants were “Linear Upward” in their trajectories.

Often, programming to support STEM transfer is designed for
the “linear upward” group of students, though results from this
program (see Table 7) show just 25 of the 42 students (60%) that
transferred and/or earned an associate degree were in the Linear
Upward trajectory. The large number of students in the “Detoured”
momentum group were found to have either spent a large number
of semesters at Madison College, or have transfer credits from one
or more other colleges, and/or repeated critical STEM coursework.

Breaking down the participant characteristics by momentum
trajectory allows for some interesting patterns to emerge and

Detoured Deferred Taking a break
2
3 4
14 5 9
17 7 13
25% 10% 19%

highlights some unintended challenges and benefits of the Inspire
Scholars Program. For example, it is not surprising that all of the
“deferred” students came from applied associate degree programs.
Students in those programs do have access to transfer, but in general,
the transfer agreements in place for their programs are in place for
only a specific college, that is often expensive, or has other barriers
such as being outside of the local area. So, the students end up with
credits with very limited transferability. In addition, almost half of
the Black, male scholars were on this trajectory and enrolled in
applied STEM programs, which explains why the transfer rate for
women was higher than for men as shown in Table 5. Another
interesting finding is the large number of ‘detoured’ students that the
program was able to support to successfully transfer and/or earn an
associate degree (10 out of 17 students or 59%), with the remaining
students still enrolled at Madison College. Another promising result
from ISP is the large percentage of the students in the Linear Upward
trajectory that are low income, as shown in Figure 2 and 1st
generation, as shown in Figure 3.

There are limitations to the conclusions that can be drawn
from this study, due to the small number of participant (n = 69),
and the challenges that exist in having participants engage with
the program and differing points in their journey, and the diverse
student trajectories. That said, the promising results from the
Madison College Inspire Scholars Program show that
interventions can help support URM STEM-interested
students build transfer capital in the following ways:

- By providing a variety of roles for participants to engage with
the program, students were able to create and grow with a
STEM community and engage with the program at a level that
worked best for their personal and educational needs. 20% of
the participants held more than one role while engaged with the
ISP, and 36% of the participants were involved with the
program for at least three semesters.

- The academic and professional development provided to
participants during the biweekly meetings and engagement
with faculty mentors ensured participants had support to
help navigate the confusing path to transfer. The meetings
were run by peer leaders with guest speakers and topics
during the meetings including: choosing a transfer
institution, financial literacy and paying for college, applying
for REU’s, creating a professional presence, and more. In
addition, faculty mentors were provided with checklists with
key transfer and enrollment-related deadlines to support
participants during their one-on-one meetings.

- The partnership with UW Madison created connections with
students, faculty, staff and administrators at the college’s top
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TABLE 7 | Transfer and associate degree completion status of Inspire Scholars
Program participants by momentum trajectory.

Trajectory Status # Of students

Linear upward Transferred® 24
Earned an associate degree 1
Enrolled 7

Detoured Transferred® 7
Earned an associate degree 3
Enrolled 7

Deferred Earned an associate degree 7

Taking a break Stopped out 13

Total 69

ATransferred includes students that transferred and also earned an associate degree.

transfer institution. Students and staff from UW Madison
attended a program meeting each semester at Madison
College to answer transfer questions and support community
building. This was followed by a transfer event hosted by UW
Madison that participants attended where they heard from
former participants that successfully transferred, faculty,
administrators, and other students about the transfer
process. All of this culminated in a STEM Immersion 4-day
transfer experience for all participants that were accepted to
UW Madison to ensure a smooth transition.

The WSTPP gave “proof of concept” for much of the
programming and supports implemented in the ISP.
Specifically, the ISP built on the faculty mentoring, regular
participant meetings, student stipends, and partnerships with
transfer institutions. In addition, the WSTPP created a base of
faculty mentors and students that increased awareness of the
program and provided an initial pool of peer tutors and peer
leaders from which the ISP could recruit. Processes developed in
the WSTPP were expanded and institutionalized in the ISP so

Increasing STEM Transfer Readiness

that students who did not satisfy WSTTP application
requirements were able to access the programming through
the ISP. The supports of the STEM Center, the UW Madison
STEM Immersion, the one-to-one course transfer into a number
of STEM programs across the state, and the geographic
availability of UW Madison, all worked to support this
project. Overall, the interventions and supports implemented
for this program worked in tandem to provide support and
improve the success for student participants.

Suggestions for Future Work

The strong results from the program have limitations that could
be addressed in future work. As discussed earlier, the lack of a
clear comparison group prevents robust experimental analysis of
the program. A method of limiting the cohort to first semester,
first time students does not adequately capture the aspects of the
eligible students for this project. The authors suggest surveying all
eligible students at the beginning and end of a semester.
Connecting the survey data with transcript and administrative
data would enable a thorough analysis of the program to
determine cause and effect. Interviewing students that
participated in the program would also provide valuable
insights into the student experience.

In addition to a more robust analysis, there are areas to expand
the program that show promise to benefit students intending to
transfer in STEM, one being the development of new and/or
stronger partnerships between 2 and 4-year institutions. These
partnerships would provide opportunities for faculty to cultivate
relationships across institutions, which have been shown to
benefit transfer students (Martinez, 2019). These relationships
are also critical to enable applied associate degree programs and
4-year transfer partners to build more robust/broadly accepted
transfer agreements and coursework. Finally, a component of
holistic momentum that was left untouched by the design of this
program is in the instructional domain, specifically the student
experience in the classroom. Efforts to support faculty to improve
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the classroom experience for URM STEM students are worth
exploring, as experiences for 2-year college students in the
classroom have a significant impact on their success (McPhail,
2015; Wang et al., 2017b). The more than 20 faculty mentors for
the ISP are invested in the success of the participants in the
program and thus may be willing participants in professional
development around improving their classroom practices to
further increase URM student STEM success.

Though college contexts are unique, there are many aspects of
the Madison College Inspire Scholars Program that show promise
for increasing STEM transfer success for URM students enrolled
at a 2-year college. It is important to note the interconnected
nature of the supports put in place by the program to ensure a
holistic support structure for the participants. That said, a few key
interventions stand out as having the greatest impact on
participant engagement and success. The most important
components of the ISP were the tiered participation structure,
and the bi-weekly meetings coupled with faculty mentoring. The
meetings served various purposes that promoted successful
STEM transfer. First, the meetings provided a means for
participants to connect with one another and build
community through shared experiences. The meetings were
the only STEM-related events on campus where the majority
of the participants were ethnic minorities, and the facilitators
were peers (the peer leaders). Second, the professional and
academic development training provided during the meetings
was specifically designed to provide students with a road-map for
successful transfer and to equip students with the knowledge and
tools for its successful implementation. The faculty mentors were
charged with ensuring that students participating in the ISP
stayed on task and followed the road-map. So critical were the
mentors that all participants regardless of role, were required to
meet regularly with their mentors. Mentors were provided
checklists of program responsibilities and important deadlines
along with summaries of the bi-weekly meetings and asked to
encourage their students to take action and apply what they had

learned. Faculty mentors were also provided academic progress
reports on their mentees in order to provide students with timely
access to the resources needed to address any challenges
encountered in their classes and thus stay on track in the
curricular domain. The value of mentoring by faculty cannot
be understated. Most minoritized students attending Madison
College are first generation students with few family members or
close friends with any experience successfully completing a
college degree. Through their faculty mentor, each student had
immediate access to someone who retained a wealth of knowledge
and experience successfully navigating higher education and who
was generally well connected at the college with access to
significant college resources. Any transfer support program in
order to be effective should include these or similar components
that both build community among students of similar interests
and also provide individualized academic support through
mentoring.

On a final note, the analysis of first semester STEM QP
brought some interesting patterns to the front that are worth
consideration when developing an intervention such as the ISP.
One consideration is how few of the students fit into a traditional
postsecondary model with an easily definable first semester, and
how little that mattered for transfer. Students that earned their
first semester STEM QP during the program were completing
transfer level STEM courses in other disciplines prior to the
official “first semester” they attempted a transfer level math
course. Even more striking, the students in the program that
had experienced math remediation at some point at the college
successfully transferred at a rate of 43.5%, more than double the
baseline rate. It is therefore critical, when creating a program to
support students interested in STEM transfer, if the goal is to truly
broaden participation, to ensure the program is built with broad
eligibility requirements. Colleges must remove barriers to
participation in support programs by lowering minimum GPA
requirements, allowing part-time students to engage with the
supports, and most critically, allowing students to participate
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prior to completing college level math. Supporting students
holistically through community, mentoring, and ensuring they
take and successfully complete multiple STEM courses each
semester, no matter their “level” is key to the success of the
program and thus, the students.
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To address the challenges facing racial minority students majoring in STEM during the
transition from high school to college, NSF funded Louis Stokes Alliances for Minority
Participation (LSAMP) programs throughout the country implement summer bridge
programs. Bridge programs vary in their focus on professional development, academic
support, research experiences, social activities, and in other areas, but all share an
intention to support students during their transition to college. Beyond retention, little is
known about how these varied summer bridge experiences impact student outcomes in
the first year of college. This study first describes the variability in the summer bridge
programs in the Alabama LSAMP Alliance and then examines how differences in students’
satisfaction with their experiences are associated with feelings of belonging and STEM self-
efficacy, two factors associated with STEM retention. Students (N = 145) who attended an
LSAMP summer bridge program were surveyed at three time points over the first year of
college. Findings indicated that bridge programs varied in their offering of academic
classes, academic support (e.g., study skills), research experiences, professional
development, and planned social activities. Students attending HBCUs scored more
favorably than students at PWIs on some measures; however, these differences could be
accounted for by satisfaction with bridge experiences. Satisfaction with specific aspects of
the bridge programs, especially orientation activities and getting to know other students,
were associated with feelings of belonging and STEM self-efficacy. These relations were
stronger for belonging. Over the course of the academic year, the relations between bridge
satisfaction and belonging and self-efficacy weakened.

Keywords: LSAMP, summer bridge, stem majors, belonging, self-efficacy, college retention

INTRODUCTION

The special challenges facing racial minority students majoring in STEM during the first year of
college are well documented and include poor academic preparation, difficulty with social and
academic integration, lack of disciplinary socialization, and racial discrimination (Carlone and
Johnson, 2007; Carter et al., 2009; National Research Council, 2011). To address these challenges,
Louis Stokes Alliances for Minority Participation (LSAMP) programs throughout the country have
implemented best-practice strategies and high impact activities, such as summer bridge programs, to
retain students in STEM (Clewell et al., 2006; National Research Council, 2011). The primary
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objective of this study is to examine how students’ perceptions of
summer bridge programs are related to belonging and STEM self-
efficacy, two psycho-social characteristics associated with
retention in STEM majors. A secondary objective is to
illustrate the breadth of offerings and focus of successful
summer bridge programs, which we hope will help other
LSAMP alliances in creating summer programs.

Summer bridge programs are important because they are often
the first point of contact between students and a higher education
institution, major faculty, and collegiate peer group. Although
broadly designed to improve retention, the specific objectives of
summer bridge programs are far ranging and vary considerably:

“Summer programs that include or target minority middle
and high school and undergraduate students provide
experiences that stimulate interest in these fields
through study, hands-on research, and the development
of a cadre of students who support each other in their
interests (p. 10, National Research Council, 2011)”.

“Bridge programs are designed to address the personal
and inhibiting institutional factors of undergraduate
students as they transition into college and have been
suggested to increase academic readiness, promote
inclusion and integration into the college academic
and social community, introduce the students to
available supportive institutional academic support
programs and services, and promote self-efficacy and
persistence (p. 36 Grace-Odeleye and Santiago, 2019)”.

As cases in point, the Challenge Program at Georgia Tech
described by Murphy et al. (2010) consisted primarily of
structured academic courses and a family support program. In
contrast, an LSAMP program in Tennessee described by Howard
and Sharpe (2019) had eight objectives that included academic
course preparation, as well as objectives related to research
experiences, motivation, and careers. This variability is also
reflected in the Alabama LSAMP Alliance, which is the focus
of the current research. One objective of this study is to describe
the variation in the bridge programs at the nine campuses in this
alliance, all of which were highly successful in the retention of
students in STEM majors in the first year. The description serves
as a resource for other programs considering a STEM bridge
program for students from underrepresented racial groups.

Despite their variability, Clewell et al. (2006) note that LSAMP
summer bridge programs share in common two characteristics,
the integration of students into academic institutions and the
socialization of students into their STEM profession. Thus, rather
than focusing on retention, this study focuses on how students’
experiences in summer bridge programs are related to two social
psychological factors, belonging and STEM self-efficacy, that are
associated ~ with  institutional integration, professional
socialization, and retention over the course of the first year of
college. Belonging refers to a sense of fit, identity, and supportin a
major (e.g., Walton and Cohen, 2007) and at a campus. Self-
efficacy is a student’s confidence that he or she has the necessary
academic skills to pursue his or her major (e.g., Bong and
Skaalvik, 2003).

Variability in STEM Bridge Programs

This is an improvement over past studies of LSAMP programs,
which have primarily considered retention and academic performance
indicators (e.g., Howard and Sharpe, 2019). It is also important to
consider that the adjustment tasks for first year students change over
the course of the academic year as the challenge of academic classes
increase. For these reasons, this study examined how students’
perceptions of the summer bridge program are related to their
sense of belonging and STEM self-efficacy at three time points
over the first year of college: at the start of the fall term, the start
of the spring term, and the end of the first year.

It is important to note that participants in the Alabama
LSAMP program met and often exceeded institutional
requirements for admission. For example, to receive an
LSAMP scholarship, students must have a minimum 3.0 GPA
and plan to major in a STEM field. As such, they would not be
identified as at risk for dropping out solely based on their
academic background. For this reason, this study focuses on
factors associated with retention within a STEM major, rather
than just retention in college.

Theoretical Foundations

Arnett’s (2000) theory of emerging adulthood identifies the college
years as a period when individuals make critical decisions about
marriage, careers, and childbearing. Although college students
have taken great steps toward independence, their lack of
experience and financial dependence makes this time period
both one of vulnerability and rapid personal growth. At a time
when parents, teachers, and friends are less available for support,
college students choose a major and career path. Eccles’ stage-
environment fit model (Eccles, 2004) proposes that school
transitions will have a negative impact on academic outcomes
when there is incongruity between a student’s needs and the social
context of schools. College adjustment is often difficult because,
compared to high school, classrooms are less personal with little
opportunity to develop relationships with classmates and
instructors. These problems are even greater when students are
faced with large introductory STEM classes. In college, competition
is more intense and expectations for autonomy and independence
are greatly increased. These issues are often more challenging for
students from underrepresented racial groups due to negative
racial stereotypes and a lack of same-race peers, faculty, and
role models (Carter et al, 2009; Grace-Odeleye and Santiago,
2019). LSAMP bridge programs are designed to ameliorate
some of the stress of the immediate transition and guide
students to successful completion of a STEM degree. In
theoretical terms, they are designed to “fit” the needs of racial
minority students as they embark on a STEM degree path.

A contribution of this study is its focus on the transition to college
over the first year. Little attention has been given to the impact of
summer bridge programs and the variation in students’ experiences
within these programs on the immediate transition to college and
subsequent adjustment throughout the academic year. Both the
emerging adulthood perspective and the stage-environment fit
model suggest that the needs of students immediately after they
come to campus will be different from those later in the semester.
Little attention has been paid to how variation in students’
experiences within these programs affects adjustment to college
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throughout the first year. Students’ experiences and priorities during
the first week of college are different from those at mid-term and the
end of the academic year. Finding friends and a social niche give way
to keeping up with coursework and stressing over exams. Career
aspirations may take a backseat to the immediate challenges of
surviving the first year of college. Bridge programs that focus on
post-graduate opportunities at the expense of academic preparation
and campus orientation may not meet the needs of students.
Similarly, programs that include a research experience may
promote students’ STEM identity (Estrada et al, 2018), yet if
students do not have the technical skills or enough disciplinary
content knowledge to fully understand the project, their STEM self-
efficacy and belonging may decline at the start of college.
Importantly, because students who enter the LSAMP program
vary in their background knowledge of their major and
preparation, the same experience may impact students differently.
For this reason, in this study the focus is on students’ perceptions of
their bridge experiences.

The choice to study STEM self-efficacy and belonging is
motivated by numerous models of academic achievement and
retention, some of which have focused on issues related to
student race and ethnicity (e.g., Tinto, 1987; Wigfield and Eccles,
2000; Bandura et al., 2001; Lent et al., 2005; Hurtado et al., 2009).
Although sometimes the labels change, most models identify
academic self-efficacy and belonging as key factors in academic
success. Self-efficacy has been found to be especially vulnerable
during transitions at earlier time points in schooling (Eccles et al,,
1993). Importantly, although STEM self-efficacy and belonging are
often hypothesized to be related to success of programs targeting
students in underrepresented racial groups (Lent et al., 2005; Carlone
and Johnson, 2007; Hurtado et al., 2009), there is limited quantitative
empirical research supporting these claims. (See Lent et al., 2005 for
an exception.) This study seeks to fill this gap.

Self-Efficacy

Independent of one’s actual abilities, self-efficacy is a judgment of the
probability of success at a task in an academic field, a vocation, etc.
(Bandura et al., 2001; Bong and Skaalvik, 2003). Championed by
Albert Bandura in his social cognitive theory, self-efficacy plays a
critical role in achievement in that there is little incentive for people
to take on academic tasks or persevere in the face of challenges unless
they believe that their actions will lead them to success (Bandura
et al,, 2001; MacPhee et al,, 2013). A great deal of research indicates
that the perceptions of one’s ability are better predictors of
persistence and interest in an academic area than actual ability
(Bandura et al., 2001). For example, even when men and women
perform the same academically in math (as indexed by GPA,
coursework, etc.), women tend to underestimate their abilities,
whereas men do not, and this underestimation leads to women’s
eventual departure from STEM (Correll, 2001; Hill et al., 2010).
LSAMP programs provide mentoring, emotional support, modeling,
and guidance, all of which can be instrumental in promoting self-
efficacy (Cabrera et al., 2013). MacPhee and colleagues (2013), for
example, found in their study of STEM majors participating in a
McNair program that women were initially lower than men in self-
efficacy, but after completing the two-year mentoring program, self-
efficacy ratings improved such that women were on par with men.

Variability in STEM Bridge Programs

Belonging

It is critical for college retention that students feel integrated into the
larger campus setting and identify themselves as members of the
larger college community (Tinto, 1987; Clewell et al, 2006).
Belonging also describes students’ feeling of fit with the culture of
STEM (Cheryan et al., 2009; Cheryan et al., 2015) and their identity
with a STEM profession. Campus integration and professional
identity are both important for the retention of students and
often more challenging for underrepresented racial groups
(Walton and Cohen, 2011). First generation, minority, and low-
income college students do not have access to the same information
and resources as White and more privileged peers, making it more
difficult to understand the college culture and expectations. Racial
stereotyping and the stigma of being in a special program for racial
minorities can create problems fitting in with a discipline and the
larger campus at predominantly White institutions (PWI; Hurtado
et al., 2009; National Research Council, 2011; Walton and Cohen,
2011). Programs such as LSAMP might succeed due to their ability
to socialize students into the professional STEM culture, helping
them to internalize a professional identity and to build solidarity
with other professionals. In this study, we examine three
components of belonging: how well students feel that they fit in
with LSAMP programs and the larger campus (Cameron, 2004),
STEM identity (commitment to, and desire for high performance in
STEM; Chang et al, 2011), and the degree to which students feel
supported by faculty at their institution.

The Current Study

There are two aims to this study. The primary objective is to examine
how students’ perceptions of summer bridge program elements are
related to belonging and self-efficacy over the course of the first year
of college. Prior to addressing this objective, we describe the nine
LSAMP bridge programs in the Alabama Alliance, all of which had
nearly 100% college and STEM major retention over the first year. A
comparison of the degree to which each program provided
structured activities associated with best practices for STEM
retention is offered to serve as a resource to other LSAMP
programs in creating summer programs. Importantly, a bridge
activity label provided by a campus director may not fully
capture informal interactions during the program nor describe
the depth and breadth of these activities. For example, faculty
mentoring might occur in any activity where faculty are present,
even if an activity is not specifically labeled as such. For that reason,
we focus on student satisfaction with a common set of six
experiences (academics, campus orientation, getting to know
other students, research, professional development, and faculty
mentoring) and how satisfaction is related to belonging and
STEM self-efficacy. Examining these relations over the first year
of college provides insight into the lasting impact of summer bridge
programs.

METHOD

Sample
The nine campuses in the Alabama State alliance included five
comprehensive state public institutions, one of which was an
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HBCU. The other four were private minority serving institutions
(i.e., HBCUs). The racial make-up of the institutions varied from
nearly 100% underrepresented racial groups at the HBCUs to a
range of 25%-43% at the PWIs. Statistics were not available for
the percentage of racial minority students in STEM majors at
each of the campuses. However, consistent with the national
trends, we would expect their representation to be lower in STEM
fields. In addition to the STEM bachelor’s degrees offered at each
institution, the five public campuses offered master’s and doctoral
degrees in STEM fields.

Similar to other LSAMP merit-based scholarship programs in
the United States, a minimum high school GPA of 3.0 was
established for entering freshman, and students had to meet
any other admission criteria for the institution sponsoring the
bridge program. All participants had to declare an intention to
major in a STEM field. In bridge programs that required students
to take academic summer school classes (n = 3), students must
have maintained a 3.0 GPA in their summer classes to receive the
scholarship for the upcoming academic term. In the first year and
beyond, students had to maintain a 3.0 GPA and remain a STEM
major to continue in the Alabama LSAMP Alliance. Participants
in this study were students who attended a summer bridge
program between 2017 and 2019 and completed at least one
follow-up survey as described below (Ns = 145, 128, and 125, for
the fall, early spring, and late spring time points, respectively).
The group was 54.1% male and predominantly Black or African
American (82.8%). Other racial groups represented included
Hispanic or Latino (6.6%) and multi-racial (10.6%). Students
provided their current major at each time point during the first
year. The most recent major provided by students indicated the
following percentages: 38% Engineering, 25% Biology and related
fields (e.g., pre-Med), 19% Computer Science, 7% Biochemistry,
3% Chemistry, 2% Physics/Astronomy, 2% Mathematics, and 5%
indicated another field.

A power analysis was conducted to assess the sample size
needed to detect a medium effect size, with alpha = 0.05 and
power (1 - B) = 0.80, and six predictors in the regression equation
using G Power (Faul et al., 2009). A sample size of 90 would be
able to detect a medium effect size (£ = 0.17). This sample size is
met or exceeded in the analyses.

Procedure
Prior to collecting data, the project was reviewed and approved by
the Institutional Review Board at the authors’ institution. Signed
consent was obtained from students at the beginning of the
summer bridge program. Campus directors at each institution
provided the investigators with a schedule or syllabus for their
summer bridge programs. Additional information was culled
from campus reports provided each semester. The length of
the bridge program and number of participants each year were
noted. The activities listed in the schedules were reviewed by the
investigators and categorized as described in the results section.
The frequency and amount of time dedicated to an activity
were noted.

Students completed surveys at the beginning of the fall term,
early in the spring term (focusing on the previous fall semester),
and late in the spring term at the end of the academic year

Variability in STEM Bridge Programs

(focusing on the spring semester). Survey items included in this
study are available in the online supplement. Surveys were
completed online for the first two time points, but at the last
time point students completed the survey either online or in
person at the spring student conference if they were in
attendance. Students were paid $10 for each survey they
completed. Surveys at each time point included several
measures related to perceived academic abilities, belonging,
support, STEM identity, and commitment to their major.
Before the start of each survey, participants were reminded of
their rights as research participants, including that their
participation was voluntary, their answers were confidential,
and they could withdraw at any time.

Survey Measures

Commitment to major was assessed at the beginning of the fall
and spring terms. Students indicated their commitment on a 7-
point scale (7 = very committed, 4 = unsure, and 1 = not at all
committed). At the third time point, students were asked how
likely they were to change their major on a 7-point scale in which
higher scores indicated greater likelihood of changing their major.
At each time point, students who were considering changing their
major indicated the new major (open-ended response).

Belonging was assessed with three measures, belonging to
college/program, STEM identity, and faculty support.
Belonging to the college and the LSAMP program were
measured by eight items. Six items were related to belonging
to the college (e.g., I feel I have a sense of belonging to this college/
university; I have a lot in common with other students on campus)
taken from Cameron’s (2004) measure of in-group ties. Two
additional items were author generated and related to belonging
to the LSAMP program at their institution (I feel like I have a lot
in common with the other LSAMP students on campus; I feel a
connection with the other LSAMP students on campus). Items
were rated on a 7-point scale (1 = strongly disagree to 7 = strongly
agree). Reliability of the scale was high with « ranging from 0.89 -
0.91 across the three time points.

STEM identity was assessed using four items adapted from the
Chang, Eagan, Lin, and Hurtado (2011; also see Espinosa, 2011)
measure for biomedical and biological science majors. Students
rated the importance of having a successful career, making a
theoretical contribution, getting recognition from colleagues in
their STEM field, and making a contribution that benefits
society. The latter item replaced the Chang et al. item
concerning finding a cure to a health problem. The desire to
benefit society was substituted because of its similarity to the
original item and due to findings that women and students in
underrepresented racial groups often pursue STEM to help
others (Carlone and Johnson, 2007; Thoman et al., 2015).
Items were rated on a 4-point scale with higher scores
indicating greater importance. Reliability of the scale was
sufficient, with « ranging from 0.60-0.75.

Faculty support was measured by three items adapted from the
Lubben et al. (2006) measure of social support. Students indicated
how many faculty (none, one, two, three to four; five to eight, nine
or more) they knew who they could call on for help; could talk to
about private matters; could ask for help with a course or
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homework. Reliability of the scale was acceptable, with & ranging
from 0.75-0.79 over the three time points.

As might be expected, the belonging to campus/LSAMP score
was significantly correlated with the STEM identity and faculty
support scores at each time point. Thus, to simplify the
presentation of the results, the three scales were combined at
each time point to create a Total Belonging score. Because the
measures used different rating scales (4-point, 7-point and 9-
point), scores were transformed to Z-scores and then averaged
within each time point. Reliability of the combined measures was
high, with « ranging between 0.87 and 0.88 across the three time
points, further supporting this strategy.

Self-Efficacy for STEM academic performance was assessed by
three items modeled after a measure developed by Lent et al.
(2005), How confident are you that you have the [math, science,
spatial] skills necessary for your major? Students responded using
a 7-point scale (1 = no confidence and 7 = complete confidence).
Responses were averaged to create a STEM Self-Efficacy score.
Reliability was high, with « ranging from 0.81-0.86 across each
time point.

Summer bridge satisfaction was assessed at the beginning of
the fall term after all summer bridge programs were completed
and included six questions focusing on students’ satisfaction with
specific aspects of the bridge program. The specific aspects of the
summer bridge program included getting involved in research,
professional development (presentations on careers in STEM,
networking skills, resumes), academics (classes, refresher courses,
study skills), orientation to the campus/program, getting to know
other LSAMP students, and faculty mentoring/advising.
Examples of each type of activity were provided. Students
rated how well they thought each topic was covered during
the bridge program on a 7-point scale (1 = not at all to 7 =
very well). Mean satisfaction scores across the campuses indicated
students generally had a positive view of the bridge programs,
ranging between 5.18 (SD = 1.81) for Research and 5.81 (SD =
1.52) for Getting to Know LSAMP Scholars. Responses were also
highly correlated (range 0.319-0.743, Median r = 0.515). Thus, a
Total Satisfaction score was also created by averaging responses
across the six items. Coefficient alpha for Total Satisfaction
was 0.86.

RESULTS

Analytical Approach for Quantitative

Measures

Data have a nested structure in that students belong to one of nine
institutions. Typically, this would lead to using statistical
techniques, such a multilevel or hierarchical linear modeling
(MLM, HLM), to take into account the lack of independence
of student data within each institution. However, after reviewing
relevant statistical guides, including O’'Dwyer and Parker (2014),
Maas and Hox (2005), Raudenbush and Bryk (2002), and
Scherbaum and Ferreter (2009) this approach was deemed
inappropriate for this study. Similar to all statistical
procedures, the reliability of the results relies a great deal on
sample size. In ordinary least squares (OLS) regression this
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depends on the number of cases in the analysis. In HLM,
rather than the number of individuals, reliability depends on
the number of groups at the highest level in the model, which is
nine (i.e., the number of institutions) in this study. O’Dwyer and
Parker (2014) suggest that fewer than 20-25 groups may not
provide accurate estimates of regression coefficients. Maas and
Hox (2005) ran several simulations and reported that a minimum
of 50 groups with 20 individuals in each group are needed to
avoid biased estimates. Scherbaum and Ferreter (2009)
summarized previous studies on power and sample sizes and
noted recommendations varied from 20-50 level 2 groups,
depending on whether slopes or intercepts were being
estimated. We fail to meet any of these recommendations. As
a result, we proceeded using regression analyses to address the
main research questions.

It should be noted that the sample sizes for the survey
measures vary over time due to students failing to complete all
of the surveys. T-tests were conducted comparing those who
completed each survey to those who did not complete the survey
on common measures at the previous time points. None of these
comparisons were significant, suggesting that the variation in the
sample size over time was not systematically associated with
responses on the surveys.

Description of LSAMP Summer Bridge
Program and Commitment to Major

All bridge programs were held on campus and students
generally stayed onsite in student housing. The number of
students at each bridge site varied across the institutions and
over time. At the low end were programs with five or fewer
students and at the higher end were programs with eight or
more students. The variability in size was a function of grant-
imposed limits on funds available to each campus,
recruitment of students, and the ability of students who
were recruited to the LSAMP program to attend the
summer bridge program.

There was considerable variability in the length of the bridge
programs (Table 1). Three of the bridge programs ran
concurrently with summer school, and students were enrolled
in traditional summer school courses in addition to participating
in other bridge activities. One of these ran all summer
(~10 weeks), and the other two ran just one summer school
session (~5 weeks). Three bridge programs were 10-12 days, and
the remaining three were 5-7 days. Four of the programs ended
only a short time before the fall term began. For the rest, there
were several weeks between the end of the bridge program and
when school started.

Table 1 provides a summary of the common characteristics of
the summer bridge programs based on the review of schedules
and semester reports. Most of these characteristics are identified
as “best practices” for retaining students in STEM, including
academic support, research activities, and professional
development/career planning experiences (National Research
Council, 2011). These activities are listed in Table 1 because
there was considerable variability among the institutions in the
degree to which these were included in their bridge programs.
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TABLE 1 | Description of Summer Bridge Activities for Each Institution.

Variability in STEM Bridge Programs

Campus Institution Type? Bridge Length in Days Academic Classes® Academic Support® Research® Prof. Dev® Planned Social

1 HBCU ihl M L-M M-H M H
Public

2 HBCU 6 L H L-M H L
Private

3 HBCU 12 M L L-M L H
Private

4 HBCU 32 H M L H L
Private

5 HBCU 4 L H L-M L H
Private

6 PWI 35 H L-M M L-M L
Public

7 PWI 70 H M H M L-H
Public

8 PWI 12 L-M L-M M-H M L-H
Public

9 PWI 5 H L L L L
Public

Notes. H = high, M = middle, L = low. There was some variation across the years in the content presented at different campuses that resulted in two classifications for an institution.
AAll public schools offered advanced degrees in STEM. Private schools did not offer advanced degrees in STEM.

bAcademic Classes: High = summer school courses; Middle = daily review session on selected topics over 1-3 weeks; Low = none.

“Academic Support: High = several sessions (at least 4) and topics occurring throughout a week; Middle = 2-3 sessions; Low = 1 or no sessions offered.

9Research: High = students developed a research project and presented it during the program; or several hands-on research activities; Middle = lab tours and research talks; Low = none.

®Professional Development: High = two or more sessions; M = one session; L = none.
'Planned Social Activities: High = at least one scheduled activity; Low = none.

Not listed in Table 1 is campus orientation, which all campuses
included and had little variability. Orientation activities included
campus tours, visits to or presentations from key non-academic
support service centers (student services, campus safety) and
welcoming remarks from administrators. Other activities not
included in Table 1 were idiosyncratic to specific campuses.

These include community service activities, personal
development (self-reflection activities), money management,
and health education (HIV-AIDS). Additionally, time

dedicated to faculty mentoring was not apparent in the
summer bridge schedules, although during the academic year,
faculty advising/mentoring meetings were common. These
activities most likely occurred informally or in conjunction
with other activities but were not singled out in the schedules.
Next, a brief summary and comparison of the characteristics
presented in Table 1 is provided.

Most campuses (7 of 9) included academic classes in math or
science. Traditional summer school classes were included in three
programs (campuses 4, 6, and 7), in which students took two
classes (usually a math and a required non-STEM course, such as
English) offered in the regular summer school program.
Academic review classes differed from summer school classes
in that they were not credit bearing. These typically included
math (typically algebra) and science (typically chemistry
or biology). In Table 1, High = summer school courses;
Middle = daily review sessions on selected topics over
1-3 weeks; Low = none.

Academic support included workshops and lectures on topics
such as study skills, time management, and motivation. These
offerings varied across institutions and the different years of the
program. One campus (campus 4) primarily focused on these

skills, offering several sessions each day of the program. Most
covered 2-3 topics over the course of the summer, however, two
programs did not include any of these activities in their schedules.
In Table 1, High = several sessions (at least 4) and topics
occurring throughout a week; Middle = 2-3 sessions; Low = 1
or no sessions offered.

Research activities included tours of faculty labs, research-
oriented talks, and hands-on research activities. Two
institutions (campuses 1 and 7) required students to
develop a research idea that was presented at the end of the
bridge program. Two institutions (campuses 4 and 9) listed no
formal exposure to research as indicated on their schedules. In
Table 1, High = students developed a research project and
presented it during the program or participated in several
hands-on research activities; Middle = lab tours and research
talks; Low = none.

Professional and career development activities were not a
central part of any program, but six of the programs had at
least one session in this area. Session topics included
presentations by campus career service organizations, resume
writing, and explorations of STEM careers. In Table 1, High =
two or more sessions; Middle = one session; Low = none.

Although all programs offered time for students to socialize
outside of the bridge program, some programs built social
activities into the formal schedule. These included leisure
activities such as visits to local shopping areas and
attractions, recreational activities (e.g., bowling), and picnics.
The offerings varied from year to year with only three schools
(campuses 1, 3, and 5) reliably offering more than two such
experiences each year. In Table 1, High = at least one scheduled
activity; Low = none.
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Considering the information provided in Table 1 as a whole, it
can be seen that each of the nine campuses provided a unique
experience for their students. The distinctiveness of each campus
bridge program was included in the Alabama Alliance LSAMP
proposal to NSF to allow each site the flexibility to address what
they considered the challenges for first year students on their
campus, as well as the strengths of their STEM programs. The
activities cataloged are also listed as best practices for STEM
retention (National Research Council, 2011).

Despite the variability among the summer bridge programs,
retention of students in the program was quite high (meeting
GPA minimums and having a STEM major), at nearly 100% at
the end of the first year according to annual reports. Discontent
with a major and an intention to change a major, however, may
precede a student actually taking action to officially change
majors. Thus, we examined students’ commitment to their
STEM major at each time point during the first year. Mean
responses to the commitment to major question (possible range
1-7, with higher scores indicating greater commitment) were
quite high at the Early Fall and Early Spring time points, Ms =
6.04,6.01 SDs = 1.13, 1.08, respectively. Across the nine campuses
mean commitment to major scores ranged from 5.6-7.0 for Early
Fall, and 5.0-6.6 for Early Spring. A t-test comparison between
the two time points was not significant, £(116) = 0.31, suggesting
that generally commitment to major was stable over the fall term.
At the Late Spring time point, students were asked to rate the
likelihood that they would change their major and the mean score
was 2.4, indicating a low likelihood of changing majors (where 1 =
very unlikely 7 = very likely). Over the 3 years, 74 students who
had attended a summer bridge program indicated an intention to
change their major. However, within this group most (n = 53)
indicated another STEM major as their alternate. Collectively,
89.4% of the summer bridge participants remained committed to
a STEM major. Together, the evidence suggests that the summer
bridge programs in the alliance were associated with high
retention rates in STEM. We next turn to the association of
satisfaction with the summer bridge program and the social
psychological factors associated with Total Belonging and
STEM Self-Efficacy.

Relation Between Satisfaction with the
Summer Bridge Program and Total
Belonging and STEM Self-Efficacy

Before presenting the analyses associated with this objective, it is
important to consider that students from underrepresented racial
groups who attend HBCUs experience different campus
environments from those at PWIs, regardless of their major or
attendance at a summer bridge program (Winkle-Wagner and
McCoy, 2018). T-test comparisons between students attending
the two types of institutions on the bridge satisfaction measures
indicated that students at HBCUs were more satisfied than those
at PWIs, with marginally significant differences for two
satisfaction measures (p < 0.10 for Research and Professional
Development) and significant differences for three measures (p <
0.05 for Academic Support, Orientation, and Faculty Mentoring).
The difference for Getting to Know LSAMP Scholars was not
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significant. Total Belonging was significantly higher at the Early
Fall and Early Spring time points, and marginally significantly
higher at the Late Spring time point for students at HBCUs
compared to those at PWIs. However, STEM Self-Efficacy was
only significantly higher for HBCUs at the Late Spring time point.
As a result of these differences, in the regression analyses, a step-
wise regression approach was taken to determine if the campus
type accounted for any additional variance in Total Belonging or
STEM Self-Efficacy after the bridge satisfaction measures were
entered into the equation.

Correlations Between Bridge Satisfaction and
Belonging and STEM Self-Efficacy

Correlations between the Bridge Satisfaction measures (assessed
at the Early Fall time point) and Total Belonging and STEM Self-
Efficacy measures at each time point are presented in Table 2. At
the Early Fall time point, each satisfaction measure was
significantly or marginally significantly correlated with Total
Belonging and STEM Self-Efficacy. At the Early Spring time
point, Academic Support, Orientation, Getting to Know LSAMP
Scholars and Total Satisfaction were correlated with Total
Belonging, but none of the bridge satisfaction measures were
correlated with STEM Self-Efficacy. At the Late Spring time
point, Total Belonging was correlated with Academic Support,
Orientation, Getting to Know LSAMP Scholars, and Total
Satisfaction. In contrast to the Early Spring time point, at
this third time point, STEM Self-Efficacy was positively
correlated with each of the bridge satisfaction measures,
except Getting to Know LSAMP Scholars. It is interesting to
note that satisfaction with Academic Support, Orientation, and
Getting to Know LSAMP Scholars were most consistently
related to Total Belonging and STEM Self-Efficacy over the
first year.

Regression Analyses Predicting Total Belonging and
STEM Self-Efficacy

The correlation analyses suggest that many aspects of the
summer bridge programs have a positive impact on Total
Belonging and STEM Self-Efficacy. Regression analyses were
conducted to determine the combined impact of satisfaction
with the summer bridge components on Total Belonging and
STEM Self-Efficacy and to assess if attending an HBCU (over a
PWI) accounted for variance on these two measures after taking
into account the summer bridge experiences. Although it was
highly desirable to assess if satisfaction with distinct components
of the summer bridge program were differentially predictive of
the outcomes, a challenge in these analyses was that the
significant correlations among the bridge satisfaction measures
could affect the reliability of the regression coefficients.
Consequently, two sets of regressions were conducted. In the
first set, Total Belonging and STEM Self-Efficacy at each time
point were predicted by Total Bridge Satisfaction and HBCU vs.
PWI status (HBCU = 1 and PWI = 0). Each of the predictors
was entered in a stepwise manner, allowing for the assessment
of the explanatory power of each (R’ change). These analyses
address whether attending an HBCU was associated with
better outcomes after taking into account Total Satisfaction
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TABLE 2 | Bridge Satisfaction Correlated with Total Belonging and STEM Self-Efficacy.

Bridge Satisfaction Early Fall N = 122 Early Spring N = 96-97 Late Spring N = 93
Total Belonging Self-Efficacy Total Belonging Self-Efficacy Total Belonging Self-Efficacy

Involvement in Research 0.247* 0.229* 0.139 0.029 0.147 0.254*
Professional Development 0.190* 0.230* 0.143 -0.012 0.104 0.268™
Academic Support 0.237* 0.160™ 0.308** 0.062 0.301* 0.275*
Orientation to College 0.407* 0.273* 0.406™ 0.086 0.335"** 0.224*
Getting to Know LSAMP Scholars 0.361** 0.254** 0.409"* 0.167 0.216* 0.122
Faculty Mentoring/Advising 0.297* 0.242* 0.145 0.038 0.045 0.214*
Total Satisfaction 0.378"* 0.301*** 0.338"** 0.081 0.247* 0.291*

Note. The sample sizes for correlations with Professional Development are one less than the stated N due to incomplete data from one participant on this measure. *p < 0.05; *'p < 0.07;

*okk

' < 0.007 (2-tailed).

TABLE 3 | Regressions Predicting Total Belonging and STEM Self-Efficacy from Total Bridge Satisfaction.

Predictors Time 1 Early Fall Time 2 Early Spring Time 3 Late Spring

Total Belonging STEM Self-Efficacy Total Belonging STEM Self-Efficacy Total Belonging STEM Self-Efficacy

Step 1

Total Bridge Satisfaction 0.378*** 0.301*** 0.338*** 0.081 0.247* 0.291*
R? Change 0.143*** 0.090*** 0.114** 0.007 0.061* 0.085**
Step 2

Total Bridge Satisfaction 0.345"** 0.281** 0.296** 0.057 0.232* 0.274*
HBCU vs PWI 0.121 0.074 0.124 0.071 0.047 0.064
R? Change 0.014 0.005 0.013 0.004 0.002 0.004
Total R? 0.157 0.095** 0.128* 0.011 0.063™ 0.089**
Total F 11.07* 6.28** 6.89** 0.52 3.02™ 4.38**
Total df 2,119 2,119 2,94 2,93 2, 90 2,90

Note. Entries for the satisfaction scores are standardized regression coefficients (beta). "p < 0.10; p < 0.05; *p < 0.01; ***p < 0.001 (2-tailed).

TABLE 4 | Regressions Predicting Total Belonging from Bridge Satisfaction.

Predictors Time 1 Early Fall Time 2 Early Spring Time 3 Late Spring
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
Bridge Satisfaction
Involvement in Research 0.083 0.082 -0.197 -0.201 0.010 0.009
Professional Development -0.147 -0.139 -0.041 -0.038 -0.226 -0.224
Academic Support -0.134 -0.124 0.127 0.153 0.211 0.215
Orientation to College 0.381* 0.350* 0.305* 0.238 0.296™ 0.285™
Getting to Know LSAMP Scholars 0.204* 0.215* 0.324* 0.347* 0.116 0.119
Faculty Mentoring/Advising 0.157 0.139 -0.034 -0.067 -0.085 -0.089
HBCU vs PWI 0.061 0.135 0.019
R? Change 0.236"* 0.003 0.255"** 0.014 0.162* <0.001
Total R? 0.238"** 0.270™* 0.163
Model F 5.85* 5.05"* 5.09* 464" 2.75* 2.33"
Model df 6, 114 7,113 6, 89 7,88 6, 85 7,84

Note. Entries for the satisfaction scores are standardized regression coefficients (beta). p < 0.10; "p < 0.05; *p < 0.01; **p < 0.001 (2-tailed).

with the bridge program. These results are presented in Table 3.  be considered cautiously. These results are presented in Tables
The second set of analyses was similar, except in the first step 4 and 5.
the six individual bridge satisfaction measures were entered. The first set of regressions (Table 3) indicate that HBCU status

The R’ change statistic in the first step indicates the collective ~ did not significantly predict Total Belonging and STEM Self-
amount of variance in Total Belonging or STEM Self-Efficacy  Efficacy when Total Bridge Satisfaction was entered first in the
explained by these measures. These analyses also allowed us to  analyses. With the exception of STEM Self-Efficacy at the Early
see if there are some bridge satisfaction components that were ~ Spring time point, Total Bridge Satisfaction was a significant or
more important than others in predicting these outcomes.  marginally significant predictor of the two outcome measures,
Because of the issue of multicollinearity, these results should  with the variance explained ranging from 6% to 14% across the
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TABLE 5 | Regressions Predicting STEM Self-Efficacy from Bridge Satisfaction.

Predictors Time 1 Early Fall
Step 1 Step 2
Bridge Satisfaction
Involvement in Research 0.069 0.068
Professional Development 0.079 0.086
Academic Support -0.187 -0.177
Orientation to College 0.236™ 0.207
Getting to Know LSAMP Scholars 0.147 0.157
Faculty Mentoring/Advising 0.081 0.065
HBCU vs PWI 0.057
R? Change 0.127* 0.003
Total R? 0.129*
Model F 2.76* 2.40*
Model df 6, 114 7,113

Variability in STEM Bridge Programs

Time 2 Early Spring Time 3 Late Spring

Step 1 Step 2 Step 1 Step 2
—0.051 -0.053 0.062 0.059
-0.099 -0.097 0.071 0.080
0.059 0.074 0.173 0.184
0.037 -0.003 0.006 -0.030
0.169 0.181 -0.080 —-0.069
0.021 0.001 0.108 0.095
0.080 0.064
0.033 0.005 0.095 0.003
0.038 0.098

0.51 0.50 1.48 1.30
6, 88 7,87 6, 86 7,85

Note. Entries for the satisfaction scores are standardized regression coefficients (beta). "p < 0.10; *p < 0.05 (2-tailed).

three time points. Neither Total Bridge Satisfaction nor HBCU vs.
PWTI status significantly predicted Early Spring STEM Self-
Efficacy. Together, these findings suggest that students’
experiences with the summer bridge program may affect both
Belonging and STEM Self-Efficacy over the first year of college.
The next set of analyses explores whether satisfaction with
specific aspects of the summer bridge program accounts for
these relations.

For Total Belonging (Table 4), the amount of variance
explained by Bridge Satisfaction measures was significant at
each of the three time points, but was higher for the two
earlier time points compared to the third (24%, 26%, and
16%, respectively). The addition of HBCU status in the second
step failed to produce a significant increase in R” at any of the time
points. A closer look at the beta coefficients in Table 4 indicates
that Orientation to College and Getting to Know LSAMP
Scholars were the only significant predictors at Time 1 and 2,
and there were no significant predictors at Time 3. The lack of
significant predictors and the decline in variance explained at
Time 3 suggests that over time the effects of the summer bridge
program on belonging diminish.

For STEM Self-Efficacy (Table 5), the bridge satisfaction
measures significantly predicted this outcome at Time 1, but
not at any other time point (Table 5). Although the first step as
a whole was significant, none of the individual Bridge
Satisfaction scores were significant on their own. HBCU
status did not contribute to the variance explained for any
of the time points.

DISCUSSION

The objectives of this study were to describe a range of successful
summer bridge programs and examine how student perceptions
of different program components are associated with belonging
and STEM self-efficacy. As illustrated in Table 1, the programs
varied considerably across a number of dimensions. The length of
the summer bridge programs varied from an entire summer to
4-5 days. Some programs placed a strong emphasis on preparing
students for STEM academic work through summer classes or

review sessions. Those that did not offer these experiences instead
emphasized providing academic support, such as study skills,
time management, and motivation techniques (campuses 2 and
5). Hands on research or laboratory experiences were offered by
three campuses (campuses 1, 7, and 8) and the others either
offered laboratory tours or talks, or did not emphasize research at
all. Despite this variability, satisfaction was high on all campuses,
and once students entered the fall academic term, regardless of
the content of the summer bridge program, they were very likely
to maintain a minimum GPA of 3.0 and continue their pursuit of
a STEM major.

It is important to note that each campus continued to offer
programs to the LSAMP scholars throughout the academic
year. Most had regular weekly or monthly meetings and
provided opportunities for students to engage in research
and professional development activities. All students were
expected to attend the annual LSAMP conference toward
the end of the spring term in which students presented
research posters and attended talks and workshops. Thus,
