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Abstract

Significant disparities for women and race/ethnicity groups have been prevalent in
Science, Technology, Engineering, and Mathematics (STEM) fields, a problem that has reached
national attention for many years. Although there are increasing numbers of women and other
underrepresented groups studying the STEM fields, there are still a gender and racial/ethnic gap
in STEM degree completion rates. Recent data has shown that although underrepresented
students may be interested in STEM, many drop out once in a post-secondary institution. While
there are many stages at which potential STEM workers exit the pipeline and potential policies to
minimize barriers, this proposed study focuses on summer bridge programs as an intervention
that can mitigate attrition, particularly of historically underrepresented students (URM). Summer
programs (sometimes called summer bridge programs) are programs aimed at preparing high
school students for college and are an under-researched interventions that have the potential of
increasing recruitment and persistence in STEM. As such, this research analyzes ways post-
secondary institutions can better the diversity in their STEM disciplines by focusing on pre-
college preparation and retention of historically underrepresented high school students by
considering the case of a summer bridge program. This summer bridge program prepares URM
students for STEM by focusing on mathematical readiness, building essential skills, exposure to
college culture, and building lasting relationships with peers and staff. This dissertation uses a
mixed-methods approach consisting of analysis of surveys and interviews as well as empirical
investigation of student outcomes using matching estimators. The results of this analysis
anticipate serving post-secondary institutions to better their recruitment, persistence, and
graduation rates of URM in STEM via summer programs.
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Chapter 1: Introduction

The great disparities in both gender and race/ethnicity prevalent in the Science,
Technology, Engineering and Mathematics (STEM) workforce have been an issue raised up to
the national level in the past years (Augustine et al., 2005; National Research Council, 2007).
2007). Nations’ economies rely heavily on the educational system to produce and fulfill the skills
of the future. Currently in the United States, most STEM graduates are comprised of white and
Asian males (National Science Board, 2014; National Science Board, 2022). Women, African
American, Hispanic, and Native American students are the least represented in these fields,
especially in computer science and engineering (National Science Board, 2014; National Science
Board, 2022). Degrees at this level are important since four-year degrees-especially in STEM-
form the basis of mid to high earning jobs in this workforce (National Science Board, 2022).
Meanwhile, lower paying jobs in STEM not requiring a bachelor’s degree like tech and support
are disproportionately represented by Hispanics and African Americans (PCAST, 2012) and
women (Anderson et al., 2021). In the interest of equity and acknowledging the impact of
diversity, not solving this problem can be detrimental not only to the productivity and innovation
of this country but the distribution of wealth among historically underrepresented populations in
STEM. Although there is an increasing number of women and underrepresented groups studying
the STEM fields, there is still a gender and racial/ethnic gap in the number of STEM completion
rates (Baird et al., 2017; Huang et al., 2000; Rask, 2010; Sovero et al., 2021). Concerningly,
although the interest of Hispanic students has increased over the years, the STEM graduation
rates have remained unchanged (National Science Board, 2014; National Science Board, 2022).
Thus, although students may be interested in majoring in STEM, once they are in a post-
secondary institution many dropout (Sovero et al., 2021). If this pattern persists it will be harder
to engage students at the lower levels of the education system and current undergraduates who
dropout will be at a loss for opportunity at higher earning jobs that comes with a STEM degree.
Therefore, when considering the STEM pipeline at large, this study will focus on interventions at
the 4-year post-secondary level that institutions can implement to structurally improve current
graduation statistics.

The target population that this research studies are students most at-risk to drop out or
switch out of STEM majors that is: low-income, first-generation, underrepresented groups in
STEM. Many of the disparities are more prominent among students of low socio-economic
background; only 11% of low-income first-generation college students will receive a college
degree within six years compared to 55% of their counter parts (Cahalan et al., 2022). First
generation students are also reported to have lower rates of college readiness compared to non-
first-generation college students (Chen, 2016). Students in this population are mostly comprised
of students of underrepresented backgrounds; 48% of Hispanic students and 42% of African



American students are considered first-generation. Data from the National Science Foundation
shows that interest in STEM fields from underrepresented students has increased in recent years;
however, the graduation statistics are still unproportionally represented.

Offering a transitional program (high school to college program comprised of academic
and social preparedness) that can better prepare historically underrepresented students in STEM
and familiarize them with college residential living and institutional resources (National Science
Board & National Science Foundation, 2022). Many of these programs that are offered by post-
secondary institutions are referred to as summer “bridge” programs; they aim to prepare the pool
of potential incoming first-year students, mostly academically for a smooth transition into
college.

There are few programs that specifically focus on STEM preparation by centering on
mathematics rigor and exposure to scientific research. The Math Science Program (MSP) I
evaluate in this dissertation is a summer bridge program that focuses on preparing historically
underrepresented students in STEM by focusing on mathematical readiness, exposure to
research, and statistical coding. This is not the official name of the program, but it will be
referenced as such to avoid any privacy concerns from the host institution. The program also
offers residential living and increases students’ knowledge of resources and online tools that they
can use before college. As such, MSP provides an excellent case study. I will evaluate the
components of the program that are most impactful for the students, analyze if the program is
operating at its optimal level, and gather evidence of the effectiveness this program has on
preparing its participants for a STEM major. This study comes at a time where institutions and
government agencies, such as the National Science Foundation, need resources and guidelines
for constructing programs that will be effective and sustainable, much like MSP which has
functioned for over 30 years. Ultimately, the results of this study can serve to inform best
practices in these summer bridge programs, and in doing so provide a guideline for other
colleges to initiate or restructure existing programs aimed at increasing college preparedness in
STEM and retention among historically underrepresented students.

General Aims and Obijectives

The aim of this research is to analyze ways in which post-secondary institutions can better
the diversity in the STEM disciplines by focusing on recruitment, pre-college preparation, and
retention of high achieving URM high school students. The scope of study will address two key
components: (1) ways in which students have increased readiness in STEM and (2) ways in
which post-secondary institutions can create a supportive environment and implement
appropriate resources that will enable more students of low-income, first-generation, and
historically underrepresented in STEM to graduate'. The first phase of the research will include a

! For the remainder of the paper this group of students will be referred to as the target group



review of URM post-secondary experience in STEM majors across the United States. For this
study, the examined dynamics will initialize at the transition from high school to college, and it
will end at graduation from college?. The literature review and description of the STEM pipeline
as a system will allow for a macro view of the students’ behaviors, intervention being
implemented and recommended resources to encourage graduation in STEM. This system
description will be derived from literature, evidence-based interventions and, accounts of
students’ behaviors throughout the STEM pipeline.

Research Questions

The dissertation is composed of three primary areas (1) Review of the STEM pipeline
from high school to college transition to graduation and assessment of interventions and
initiatives at the institutional level for the target group (2) a scan of institutions that are awarding
the highest STEM degrees to Hispanic students in the U.S. and their current summer programs
and (3) a quantitative and qualitative analysis of the MSP program. The overarching question
across these three areas is: What can post-secondary institutions implement to better recruit and
retain the number of first-generation, low-income, historically underrepresented students in
STEM programs? The focus of this study is thus to understand how students from the target
group navigate the STEM pipeline, highlighting points of intervention that may increase student
efficacy and identify recommendation for systematic change in the institution. The following are
the specific research questions this study will address:

Review of the STEM pipeline
1) What does the current STEM pipeline look like for high school students from the target
group as they start post-secondary STEM programs?
1) What barriers and challenges do high school students from the target group encounter
as they move into post-secondary STEM programs?

Scope of Post-Secondary Institutions graduating the most STEM degrees to Hispanic Students
2) What does literature suggest are the best post-secondary interventions, resources or initiatives

that have the most impact in recruiting and retaining students from the target group?
3) What are the institutions that are awarding the most STEM degrees to Hispanic students? Do
those institutions have summer programs targeting underrepresented minority students?

MSP Program Evaluation: Outcome Evaluation
4) How does MSP function as an intervention at the post-secondary institution?

2 STEM workforce attainment is beyond the scope of this project



5) Does attending MSP improve student outcomes at post-secondary institution via STEM
grades, enrollment in STEM major, STEM first-year persistence, STEM graduation rates,
relative to the rest of incoming freshmen with the same demographics?

i) Are the program effects different for female students?
ii) Are the program effects different for students with higher SAT scores?
iii) Are the program effects different for students with higher high school GPA?

6) How do MSP participants view the program?

1) What are the greatest takeaways from the program for students who participated in
MSP?

ii) What component of the program do the alumni find most useful in preparation for
post-secondary education in STEM?

ii1) Do the MSP students suggest any changes to the program?

iv) Do students feel prepared for a major in STEM after participating in MSP compared
to their high school preparation?

v) Do students decide to attend this post-secondary institution due to their participation
in MSP?

vi) In what ways does MSP impact persistence on its participants in STEM?

Organization of the Dissertation

The following dissertation is organized into six chapters. The first chapter provides and
overview of the research agenda and research questions that guide the rest of the study. The
following chapter contains an overview of the STEM pipeline across 4-year institutions in the
U.S. and the policy relevance and motivation for increasing diversity in STEM disciplines.
Additionally, it contains a literature review that provides insight on the status quo of URM
students in STEM disciplines and reasons for current low graduation rates. The third chapter
contains a scan of interventions both recommendations and already in practice that have been
suggested by literature that (1) increase student readiness for STEM disciplines and (2) create
institutional environments that support targeted students all through graduation. Additionally, it
analyzes current institutions that have STEM summer programs targeting URM students with
respective descriptive analysis using IPEDS and US Census data. The fourth chapter dives into a
quantitative analysis on the Math-Science Summer Program (MSP). This analysis will study if
the program achieves their intended outcomes of preparing students academically and socially
for post-secondary education. Chapter five adds to the evaluation of MSP by exploring a
qualitative analysis of interviews from past alumni. The last chapter summarizes the findings of
the work and suggests any gain insights on interventions that can better prepare students not only
academically but socially to enter degrees in STEM. Further, the results of this study can serve
institutions in gaining ideas of how create bridge programs and or improve existing ones. This



evaluation will also help the MSP find ways to improve themselves to better align with their
overall mission of preparing students for STEM disciplines.



Chapter 2: The STEM Pipeline: Literature Review and Conceptual
Models

Overview

Nations’ economies rely heavily on the educational system to produce and fulfill the
skills need of the future. Currently in the United States, most STEM graduates are comprised of
white and Asian males (National Science Board, 2014; IPEDS, 2016; National Science Board,
2022). Women, African American, Hispanic, and Native American students are the least
represented in these fields, especially in computer science and engineering (IPEDS, 2016;
National Science Board, 2022). Degrees at this level are important since four-year degrees form
the basis of mid to high earning jobs in this workforce. Lower paying jobs in STEM not
requiring a bachelor’s degree like technicians and support staff are disproportionately
represented by Hispanics and African Americans (PCAST, 2012). More specifically, STEM
occupations are projected to increase 10.5% by 2030 according to the U.S. Bureau of Labor
Statistics. However, the rate at which students are currently graduating with STEM degrees will
not be sufficient to meet the expected need of the STEM workforce. In the interest of equity and
acknowledging the impact of diversity, not solving this problem can be detrimental not only to
the productivity and innovation of this country but the distribution of wealth among historically
underrepresented populations in STEM (Snyder, 2018).

The main barriers with increasing the number of STEM graduates include not only
recruitment, but the subsequent retention of historically unrepresented groups in STEM
undergraduate programs. Literature shows that the flow of students interested in STEM starts in
early stages. Interest towards STEM between girls and boys starts as early as 12 years old,
according to a survey done by Microsoft across European countries (Choney, 2018). In Choney’s
study, girls started to lose interest in STEM although they still performed at the same level as
their male counterparts. As this pattern persists it becomes harder to engage students at the lower
levels of the education system and increase the pool of current undergraduates. The dynamic that
is of interest in this study is the retention of historically underrepresented students in STEM once
they are in a 4-year institution. Knowing that URM who switch out of STEM will not have
available the same set of opportunities at many higher earning jobs that comes with a four-year
STEM degree it is imperative that a solution is found.

STEM Pipeline

The educational STEM pipeline reveals a visual of the impact dropout rates have on the
remaining graduating population but also areas of possible intervention. The following STEM



pipeline highlights the trajectory of Hispanic 9™ graders along educational milestones towards a
STEM Bachelor’s degree (Figure 1). As we see in the diagram below, that even prior to
attending college a lot of students have already dropout but also the major declining graduate
population. However, only 0.76% of all Hispanic 9" graders end up completing a bachelor’s
degree in a STEM field; over 10 times that many intend to major in STEM and are enrolled in a
four-year institution but either drop out of the program or the school.

Figure 1: Hispanic STEM Leaky Pipeline Diagram (2008-2019)

Hispanic High Hi - Freshin
School Graduat ispanic Freshman . .
Hispanic g Enrolled in 4-year Hispanic Students that Hispanic Students that
9th Graders Institution Intend to Major in Graduate with a Bachelors

STEM in STEM (~0.76%)

Switched out of
STEM/ Dropout of
College (~10.12%)

Not Interested in STEM

Does not enroll in a 4-year

High School Dropout/

Joins the Workforce coll&g;;ﬁ;)rucl: the
i. The number of 9™ grade Hispanic students in the year 2008 was considered the starting population for

this diagram

il. In the year 2012, about 87.8 percent of Hispanic high school students graduated high school with a
high school diploma or equivalent. Source: National Center for Education Statistics (NCES) Digest of
Education Statistics, 2015, Table 219.62a

ii. In the fall of 2012, 69 percent of Hispanic high school graduates immediately enrolled in 4-year
institution. Source: “HISPANIC HIGH SCHOOL GRADUATES PASS WHITES IN RATE OF
COLLEGE ENROLLMENT, II. Immediate Entry into College.” Pew Research Center, Washington,
D.C. (May 9, 2013) URL.: https://www.pewresearch.org/hispanic/2013/05/09/ii-immediate-entry-into-
college/

iv. In the fall of 2012, 42 percent of first-time, full-time Hispanic freshmen at 4-year institutions intended
to major in Science and Engineering. Source: National Science Foundation and The National Science
Board: S&E Indicators 2014. URL: https://nsf.gov/nsb/sei/edTool/data/college-09.html

v. In 2019, approximately 12 percent of Hispanics that were enrolled in 4-year institutions graduate with
a bachelors in STEM. Source: National Center for Education Statistics (NCES) Digest of Education
Statistics, 2020, Table 302.10

Although in the diagram we see a fall out of high school graduates, the number of high school
dropouts has decreased in the past years (IPEDS, 2022). The subsequent transition from high
school graduates to enrollment in college can be due to students opting to start college later,
joining the workforce, and enrolling in community college, or technical schools. It is important
to note that this study is focused on Hispanic students that transition from high school to a 4-year
institution. The high school to college transition is a pivotal point of the STEM pipeline as it is


https://www.pewresearch.org/hispanic/2013/05/09/ii-immediate-entry-into-college/
https://nsf.gov/nsb/sei/edTool/data/college-09.html
https://www.pewresearch.org/hispanic/2013/05/09/ii-immediate-entry-into-college/

the initial introduction to post-secondary rigor in the math and sciences. Literature suggests that
pre-college academic performance is important in defining the success and completion of a
STEM degree. More specifically, underrepresented students that graduate high school with a
high-grade point average (GPA) and take Advanced Placement (AP) classes in STEM fields tend
to persist in the STEM majors (Griffith, 2010; Seymour & Hewitt, 1997). During this stage post-
secondary institutions have an opportunity to recruit as well as provide a seamless transition
from high school to post-secondary education. Concerningly, although the interest of Hispanic
students has increased over the years, the STEM graduation rates are still disproportionate
(National Science Board, 2014; IPEDS 2016; National Science Board, 2022). It understandable
that many students will not be interested in majoring in STEM due to the variation of majors
available but analyzing the major decline in graduates is a concern and interest of this study.

Literature suggests that the highest probability of switching out of STEM for minority
students, even for students interested in majoring in STEM, occurs after the first two years of
post-secondary education (Griffith, 2010). Additionally, studies have shown the existence of an
achievement gap among students from different socio-economic and racial/ethnic backgrounds
during the first year of post-secondary education even when students entered the institution with
the same high school GPA (Bailey & Dynarski, 2011; Robinson & Lubienski, 2011). More
research is needed to understand how institutions can reduce the achievement gap prior to the
start of their post-secondary education where we notice the biggest dropout, not only to better
prepare students in STEM fields but also to recruit students who might not always fit the
eligibility requirements. Factors outside of academic preparedness will be explored in the later
section that will help to describe the complexity of the academic trajectory for historically
underrepresented minorities. Together however, there is still an increasing number of women and
underrepresented minority groups studying the STEM fields over the years, yet there is still a
gender and racial/ethnic gap in the number of STEM completion rates as detailed in the last
section in Figure 1 (Huang et al., 2000; IPEDS, 2016; National Science Board, 2022; Rask,
2010). The following section describes in greater detail complex factors that contribute to the
dropout or switching out of STEM for underrepresented minority students.

Conceptual Framework

Research exploring the factors that contribute to persistence in academic institution have
been of interest since the 1970s and most referenced as Tinto (1975, 1993) and Bean’s Student
Attrition Model (1980, 1982) developing the early theoretical models to explain attrition in post-
secondary institutions (Aljohani, 2016). The focus of STEM persistence dates to 1990 when
Oakes (1990) found that students of underrepresented backgrounds tend to be less prepared:
schools comprised of mostly minority students tend to not offer rigorous math and science
courses, which has minimally improved over the years (U.S. Department of Education Office for
Civil Rights, 2018). Disproportionate attrition of underrepresented minority students in STEM



fields is complex and distinctive for each sub-minority group. The following conceptual model
was created by integrating elements of Tinto’s (1993), Bean’s (1982), and Cabrera et al. (1993)

models, as well as factors specific to the persistence of underrepresented minorities. The

literature in the following section will focus on factors that are important for the persistence of

underrepresented students in STEM with the following themes: Pre-entry attributes, Proficiency

and interest, Institutional experience, and Integration.
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* Financial Status
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foundation for the conceptual model above. The outline box represents a stage of continuous evaluation and
reflection for the students throughout their time in an academic institution.
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Figure 2: Conceptual Framework for URM Persistence in STEM
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Figure 2: The above diagram uses Tinto (1993), Bean’s (1982) and Cabrera et al. (1993) theoretical models as a

Graduation
in STEM

During the first two years of a STEM post-secondary experience, students were at the most

risk of attrition, and in particular underrepresented groups (Crisp et al., 2009; Seymour & Hewitt,

1997; Tinto, 1975). Pre-college academic performance is a strong indicator for the success in

persisting after their first year and completing a STEM degree. More specifically,

underrepresented students that graduate high school with a high GPA and take AP courses in
mathematics or science tend to persist in the STEM majors (Cole & Espinoza, 2008; Griffith,

2010). Moreover, a longitudinal study conducted by Seymour and Hewitt (1997) asked

underrepresented minority students if they felt that their high school prepared them for their

introductory STEM classes in which they responded that they felt that they lacked the

preparation. Structural inequalities in the educational system may explain disparities in the

access and quality of education for underrepresented minorities. Compared to their higher-



income students, low-income Hispanic and African American students attend lower quality math
and science high school courses (Riegle-Crumb & Grodsky, 2010). Further, teachers in these
schools tend to have fewer resources, minimal experience, and may not be fully accredited,
especially with the expertise needed to teach higher-level math and science courses (Darling-
Hammond, 2001). Differences in course-taking distribution can also stem from parental
education, for example, parents with college degrees tend to understand the educational system
better and are more comfortable with school personnel advocating for their student’s education
compared to lower educated parents (Lareau, 2000).

Proficiency and Interest

Intention to major in STEM is impacted by many factors one of which being access to high
quality STEM courses and experiences. Griffith (2010) found that minority students that were
exposed to high quality STEM related courses persisted within their STEM major. Further, early
exposure of high-quality STEM courses and STEM-related activities can increase their intent to
major in STEM or take more STEM related courses in college (Bottia et al., 2015; Wang, 2013).
Self-efficacy plays a role on major choice as well, students tend to select a major if they expect
to be successful in that subject (Astin, 1993; Britner, 2008; Lent et al., 2008; Porter & Umbach,
2006). Additionally, Moakler Jr and Kim (2014) found that students’ confidence level in
mathematics and science skills significantly impacted their intent in majoring in STEM. It is
important, however, to note that confidence in mathematics and science skills can be gained both
academically and socially via STEM-related activities among peers such as STEM-related
projects or research.

Institutional Experience

In the conceptual model above, there is a distinction between formal and informal
institutional experiences, with formal experiences being the interaction that is provided by the
institutional structure (e.g., grades, professor office hours) and the informal experiences being
interactions that emerge in the institution (e.g., peer-interaction, mentoring). Students’
experience in the first two years of a STEM major are very critical and more prone to attrition if
academic performance declines (Griffith, 2010). Academic performance can be impacted by
multiple factors, such as the ability to seek help when needed. Seymour and Hewitt (1997) in a
longitudinal study found that underrepresented minority students are less likely to conduct study
groups or approach the professor when they need help. Further he found that non-minority
students stated that their main reason for leaving was conceptual difficulty and blamed the
college professor for the lack of teaching. This suggests that for both minority students and their
counterparts STEM curriculum is difficult yet their perceptions of why they find it difficult are
vastly different (Schwartz et al., 2018; Seymour & Hewitt, 1997). Further, underrepresented
minorities in STEM are more reluctant to ask for help than their counterparts to not draw
negative attention (Schwartz et al., 2018). Faculty or peer mentors can promote resources,
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guidance and serve as role models, which can help broaden the view of different career options
in the STEM workforce which can be particularly critical at early stages of the undergraduate
experience (Sovero et al., 2021). A study conducted by Salas et al. (2014) showed that peer
mentoring was effective in increasing persistence through participating in a peer mentoring
program. Further, students who conduct research experiences with faculty either at the university
or summer research experiences are more likely to persist in STEM (Bonous-Hammarth, 2000).
However, there is still very little knowledge of what constitutes quality mentoring or how to
measure it. A study done by Gandara (1999) suggested that faculty pertaining to the STEM fields
need to devise a way to create a more inclusive student culture by being aware of their
assimilation process and promote approachability to their students (Bonous-Hammarth, 2000;
Seymour et al., 2004). This recommendation still rings true today as a recent a study found that
students who interacted more with faculty were also more susceptible to racial discrimination
from faculty, which in turn affected academic performance (Park et al., 2020). Further, students
that reported experiencing discrimination also had a negative academic self-efficacy; however,
students with more diverse peers not only had significantly higher academic self-efficacy they
also had a stronger intention to major in STEM (Hall et al., 2017).

Integration

Cultural integration is another factor that is imbedded into the persistence in STEM and the
decision to continue (e.g. the lack of STEM faculty role models and peers, assimilation of
underrepresented students into the university culture). The most common environmental factors
among students are financial problems, family or parenting responsibilities and work
commitments (Crisp & Nora, 2012). Although these factors are common among minority
students’ studies suggests that it was not the main reasons why they decided to drop out of
college, but it was a major burden particularly for first generation and low-income students as
there were more aware of their financial burdens (Charleston et al., 2014; Seymour & Hewitt,
1997). For minority students, receiving financial aid can encourage entrance into a 4-year STEM
degree (Wang, 2013). Students, especially first-generation, can experience an exclusive
environment within their field if there is a lack of diversity among the student body and staff.
Particularly for first-generation students the process of assimilation to college can be more
challenging than their counterparts due to different social and academic norms that may not
always align to the institutional culture (Cole & Espinoza, 2008). Campus climate plays an
important role on the cultural integration of the students in the university (Cole & Espinoza,
2008; Griffith, 2010; Seymour & Hewitt, 1997). This is mainly due to the lack of representation
in the student body and the faculty that both attend the same courses or teach the STEM classes
which in turn fosters the feeling of isolation (Palmer et al., 2011; Seymour & Hewitt, 1997). It is
important for institutions to support undergraduate enrichment activities that are not only
academic but extracurricular student organizations (e.g., Society of Hispanic Engineers, National
Society of Black Engineers).
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Chapter 3: Existing Policy and Summer Bridge Programs

Interventions

Based on observational studies, researchers have identified interventions which have a

potential to increase the number of underrepresented students in STEM. A set of evidence-based

recommendations that have helped create more diversity and increase retention in the STEM

pipeline has been developed using a literature review done by Tsui (2007) and suggestions from
the Business-Higher Education Forum (2013) review of the U.S. STEM model. The following
table shows a compilation of interventions suggested from the previously stated literature

reviews and suggestions in various papers, as well as what are the best practices when it comes

to implementation and its potential benefits for the students.

Intervention

1. Dual Enrollment

2. Summer bridge programs

Definition/Best Practices

High schools engage in partnerships with local
community colleges and universities to
articulate courses that can be taught by college
professors or certified high school teachers to
high school students. These courses are usually
introductory courses like English 101 and or
Calculus (sometimes in combination with or
different than the AP courses offered). Dual
enrollment courses are established to provide
college credit to students while in high school
at times with little-to-no cost to the student and
promote continuation into college by
facilitating the transition to a post-secondary
institution.

Post-secondary institutions (more commonly in
a university setting) will host a set of high
school students to participate in activities at the
campus during the summer. Summer bridge
programs can expose students to rigorous
college-level coursework, have ongoing contact
with the students, introduce resources not
limited to what the institution can offer (i.e.,
private scholarships, tutoring websites, book
rentals), introduce the students to academic
departments, and overall foster collaboration to
establish a network of peers, faculty, and staff.
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Benefits

Students that complete a dual enrollment or
receive college credit in an AP class are
more likely to continue to college after high
school (Seymour & Hewitt, 1997)

High school students can receive college
credit at a low cost and have access to
community college resources and, at times,
can experience being taught by a college
professor.

Through this system, students can complete
a significant portion of the general
education courses via dual enrollment
(typically the first two years of a four-year
degree), which will decrease the time spent
in college after high school.

Students of low-income and
underrepresented minorities can benefit
from "supplemental instruction" and
exposure to resources (Tsui, 2007).
Summer Programs can be effective in
increasing recruitment and retention of
underrepresented students in STEM (Ashley
et al., 2017; Maton et al., 2000)

Summer program participants graduate at a
higher rate than their counterparts (Murphy
et al., 2010)

Participants of Bowling Green State
University Math and Science summer
program had higher GPA's and were more
successful in introductory STEM courses
(Gilmer, 2007)



3. Course and curriculum re-design

4. Cognitive tutoring/
Instructional Support

5. Mentoring, Academic Advising,

Career and Counseling Awareness

6. Learning Centers/Communities

(Academic and Residential)

Course changes in introductory math and
science courses from lecture-style to student-
centered learning, tailoring curriculum for
different learning styles that adhere to the
student’s culture. The design in the classrooms
should enable collaboration, group work, and
active participation from students (i.c., real-
time feedback quizzes) to create more
"engaging lessons" (Business-Higher
Education Forum, 2013). Further, math and
science courses should prioritize conceptual
understanding rather than rote learning,
especially in the early stages of their post-
secondary academic development.
Additionally, a third of all incoming freshmen
in STEM fail their first calculus course
(Treisman, 1992)

They implemented supplemental academic
support via an online component or in-person
through peers, staff, or faculty. Tutors should
identify students' needs and provide any
feedback specifically when problem-solving.
This additional support should be adaptable to
each student, acknowledging their range of
skills and knowledge levels.

Offering advice before and during the student's
undergraduate career. The advising staff should
cover items not limited to education and
careers in STEM, graduate schools, scholarship
information, and facilitate interaction with
professionals in the field. Create spaces for
formal or informal mentoring by peers or
faculty in the same field. Use online tools for
academic advising by closely monitoring "at-
risk" students. Students prefer to conduct
counseling, academic advising, or mentoring
individually—the earlier the intervention, the
better.

A designated space in the institution that acts
as a communal ground for resources like
tutoring, information related to advising,
meeting grounds for undergraduate
organizations related to STEM, TA office
hours, supplemental education, computer-
tutoring labs. Learning communities can extend
to cohort-style class selection where students
take the same introductory STEM courses to
create familiarity and enhance collaboration.
The same students can be arranged to live in
the same residential spaces.
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In a study done by Keynes and Olson
(2000), it was found that students that
participated in a calculus re-design course
had a higher course grade and class
retention than non-participants.

Students participating in collaborative,
student-centered courses tend to gain better
problem-solving skills and team-building
skills (Cabrera et al., 1993)

When introduced to a re-design workshop,
teachers that participated were more willing
to try new pedagogical approaches, sustain
these practices, and improve student
performances (Pfund et al., 2009)

Students who tutor/teach tend to increase
their conceptual understanding of the
subject (Lundberg, 2003)

An experimental study done on remedial
mathematics problem-solving tutoring via
software found that students that used this
program increased their understanding,
engagement, and satisfaction in the subject
and overall increased course grades
(Atkinson & Hosie, 2003)

A study found that students who are
positively aware of scientists and engineers
in the field increased their commitment to a
STEM major and a STEM career (Wyer,
2000)

Students that receive one-on-one faculty
mentoring report higher grades, college
acclamation, and increased self-efficacy
(see Santos and Reigadas study as cited in
Tsui, 2007)

A study found that any level of academic
advising is better than receiving none
(Pascarella & Terenzini, 2005)

Students that have participated in learning
communities have increased first-year
retention (Stassen, 2003)

Learning communities increase course
grades controlling for pre-college factors
(Tinto, 1993). Further, participation
increased self-confidence in STEM courses
and STEM careers, particularly for women
(Business-Higher Education Forum, 2013)
Students participating in “living-learning”
communities report higher satisfaction with
their post-secondary experience (see study



7. Undergraduate Research Experience

8. Financial Support

Hands-on research either at the home
institution, off-campus summer undergraduate
experience at another university, or research
within the STEM workforce constitutes
research experience. Participating in these
programs usually occurs after introductory
courses are completed. However, lower-level
exposure (i.e., learning research methodology)
is suggested early on. Typically, this
intervention also provides experience for
students of working in teams and conducting
individual projects and knowledge about
graduate schools and STEM careers involving
research.

Financial support in scholarships for students
studying in STEM can be need-based, merit-
based, and diversity supplements for a research
project. Additionally, there are scholarships for
service where students in STEM receive
support with the condition of completing a
post-degree service requirement.

Zhao and Kuh (2004) as cited by BHEF,
2013)

A study conducted by NSF studying their
summer undergraduate research programs
found that participants were more likely to
pursue graduate school after college.
Students that participate in undergraduate
research can gain clarity towards their
career and educational goals and increase
self-efficacy (Tsui, 2007)

An outcome of engaging in undergraduate
research is the possibility of presenting at
conferences and networking with peers and
faculty in the fields across institutions.
Some undergraduate research experiences
are paid, reducing the need to temporarily
work off-campus, and lightening the
financial burden for low-income students.

Students that receive financial support tend
to complete their degree with a higher
probability than students on loans (Kim,
2007)

Students that funded their undergraduate
studies with student loans are less likely to
attend graduate studies (Malcom & Dowd,
2012)

Providing financial support lessens the
burden for low-income students
underrepresented minorities in STEM.

Why Summer Programs?

Many students who belong to underrepresented groups are more likely to be to be first
generation or first in their family to enroll in a 4-year STEM degree. Offering a transitional
program (high school to college program comprised of academic and social preparedness) can
better prepare historically underrepresented students in STEM and familiarize them with college
residential living and institutional resources. Many of these programs that are offered by post-
secondary institutions are referred to as summer “bridge” programs; aim to prepare the incoming
class, mostly academically for a smooth transition into college. There are few programs that
specifically focus on STEM preparation by centering on mathematics rigor and exposure to
scientific research.

Summer programs can combine many of the interventions that have been shown to help student
persist in STEM. Additionally, summer programs should be designed to provide the "college
immersion" in a safe space surrounded by supportive staff and guidance (and thus help address
integration dynamics discussed in Figure 2). Many theoretical models that focus on retention,
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like Vincent Tinto's Student Integration model (1975), state that commitment and identification
towards their institutions, among other characteristics, can shape the student's behavior and
attitudes towards their continuation. Summer programs can support and create an identity among
the host institution and STEM fields, especially for minority and female students. However, it is
still essential to structure a program that executes these experiences correctly and manages to
maximize the time with the students to cover essential topics that will better prepare the students
for university rigor. Below I develop a logic model for summer bridge programs in their aim of
improving STEM student preparation and retention, with a focus on targeting underrepresented
minorities:

Figure 3: Summer Bridge Logic Model

Inputs 4 Aciiviics DS Outputs BB oOutcomes
* First generation * College-credit course * Students receive college
St.uder?ts * Panel about financial credits » Institutional
* Historically resources at the * Students increase ) Integration
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students » Panel about STEM resources « Academic
+ Interest or some careers * Students are more aware of Integration
knowledge in STEM « Panel about college life careers and majors in « Students attend to
* Institution with a at the institution STEM the institution
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diversity in STEM institution's application knowledge of peer and staff Stqdeqts intend and
. N major in STEM
o STl fiiek + Tutoring services that attend the institution « Inoreases
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A great example of an URM-targeted summer bridge program is the Meyerhoff program at
the University of Maryland Baltimore County? which attribute their summer bridge program as
an integral part of their effectiveness in graduating African American students in STEM (Maton
et al., 2000). Just like the Meyerhoff program, a summer program should be used as a tool to
build its participant’s academic performance and prepare them socially for the struggles
encountered in their first year (McCurrie, 2009). The Meyerhoff program focuses on preparing
students academically and psychologically for the rigors of STEM by building peer networks,
academic help, and mentorship. The unique aspect of this program is that it follows the students

3 The Meyerhoff program is nationally recognized for not only graduating a high number of African Americans in
STEM but also having high numbers of graduates enrolling in STEM Ph.D. programs
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beyond the summer program offering mentorship and academic resources to support African
American students throughout their post-secondary career.

Summer programs may help students retain information that was acquired throughout the
school year. Like in the case of the famous high school teacher Jaime Escalante in his article
(Escalante, 1990), he attributed his summer program as a pivotal part of the preparation of his
students*. Continuous practice throughout the summer helped Escalante’s students go from
below average math scores to receiving college credit after passing the AP calculus exam in one
school year. Summer programs may also help underrepresented minorities increase their
probability to persist in STEM such as University of Houston SEP summer bridge program
(Ghazzawi et al., 2021). Additionally, they found that students that participated in the summer
program had higher graduation rates than their counterparts. This study contributes to the
literature related to the persistence in STEM via summer program interventions.

Review of STEM Summer Bridge Programs from the Institutions with the
highest Hispanic STEM Graduation

The STEM pipeline regarding underrepresented minority students still demands
improvement. However, some institutions graduate high numbers of URMs in STEM compared
to other universities in the U.S. The section below explores institutions that are graduating the
most Hispanic students in STEM by evaluating the summer programs they offer. Such
exploratory analysis provides insight into the status quo of top institutions with the highest
numbers of graduating Hispanic students and what they are doing differently to achieve such
numbers. Although multiple variables may contribute to graduation in STEM for this study, the
analysis is limited to summer programs at each of the following institutions.

Data

The data that was used for the following analysis was gathered from the U.S. Department
of Education, National Center for Education, Integrated Postsecondary Education Data System
(IPEDS), the institutions’ school websites, and the US Census 2021 data. The IPEDS data
provided information on the number of Hispanic students graduating in STEM by the institution.
The U.S. Census data provided the number of college-aged Hispanic population by state. The
institutions’ websites allowed for information about any summer programs that were available.
The compiled data was then sorted by the highest-ranking Hispanic student graduation in STEM
where the top 21 institutions were chosen. The map in Figure 4 depicts the states where these
institutions are located. The shading of the state indicates the number of Hispanic high school

4 High school students in Garfield High School were low-income minority students in central Los Angeles that
started the school year with below average test scores and managed to pass the AP Calculus exam.
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graduating population in 2020 (darker colors represent higher numbers); the pins indicate the
location of the post-secondary institutions.

Figure 4: Map of Institutions in the US with the Highest number of Hispanics Graduating with a
STEM Degree

Figure 4: Map of States where there are the largest number of Hispanics graduates in STEM. The shading denotes
the population of high school graduates in 2020 Source: U.S. Department of Education, National Center for Education
Statistics, Integrated Postsecondary Education Data System (IPEDS), 2021.Retrieved from
https://nces.ed.gov/ipeds/datacenter on March 1, 2022.

As the map above shows, most of the institutions with high rates of Hispanic students
graduating in STEM are also in areas where there is a high concentration of Hispanics. In Table
1, the institutions are displayed alongside any summer program that was found from searching
their home website’. It was important to also include the type of summer program that was
offered in the institutions to analyze any similarities or differences among the institutions. The
components that are included are the following: residential (are students spending the night at the
campus), college credit (are the students taking a course or seminar that grants them college-
credit), research (are the students being exposed to research either by participating in a research
project or learning researchers), and knowledge of STEM career (are the students learning more
about STEM and the array of careers within, via a seminar or mentorship). The length of the
program was also included as well as if they had a specific target population for which the
program focused on. Below is the complete table that is sorted by the institutions with the
highest number of Hispanic 4-year graduates in STEM.

3 If multiple summer programs were found the program with STEM influence was chosen otherwise if there were
multiple STEM summer programs one program was chosen at random.
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Table 1: Top Institutions with the Highest Number of Graduating Hispanics in STEM

across the US.
T . ., College Knowledge of .
Institution Summer Program Residential Credit Research STEM Careers Length Target Population
Florida International University The College Reach Out Program (CROP) Switch-On v N v v TabyE High School Sophomores,

Math & Science Low-Income

Texas A&M University-College Station RAGIEl el Al IZ\Y Y N Y Y 2-weeks High School Students
The University of Texas Rio Grande

Middle and High School

Valley Texas Pre-Freshman Engineering Program (TexPREP) N Y Y Y 7 weeks Students

Arizona State University Joaquin Bustoz Math Science Honors Program* Y Y Y Y 6-8 weeks Il Slivel| Se s,
URM, Low-Income

The University of Texas at El Paso EXciTES Summer Institute N N Y Y 3-weeks  3rdto 11th Graders

AV ST R e SR EN WG Prefreshman Engineering Program (PREP) N Y Y Y 4-year S'\:L%Cgﬁtznd Aligh SeliEst

University of Central Florida EXCEL In Science, Technology, Engineering & Math Y N Y Y 2-years Incoming Freshmen

University of Houston teachHOUSTON STEM Interactive* N N N Y 2-week*  6th to 9th Graders

California State Polytechnic University- i i

v ty Engineering Possibilities in College (EPIC) Y N Y Y 5-days MKl e ifgh Sl

Pomona Students

University of Florida Research Immersion in Science & Engineering (RISE) N N Y Y 9-days* 10th to 12th graders

The University of Texas at Austin 'F\,"r‘ég"r‘;:f““'°” G ) R e Y N Y Y 5-days High School Seniors, URM

University of California-Riverside ECE STEM Summer Camp N N Y Y 1-week Il St Student's (el
Redlands USD, Low-income

University of California-Irvine CAMP Summer Science Academy (CSSA) Y Y N Y 3-week* Incoming Freshman, URM

L o . California State Summer School for Mathematics &

University of California-Davis Setemee ((Goses STE) N Y 4-week 8th to 12th grade students

(1 [ TR e\ AT S AL RN B Summer Bridge to the Beach N N Y Y 9-weeks il I EEIRIE e
Low-Income Freshmen

University of California-San Diego ?Reésg;ih Exfpiziee 97 i g Saies Sivataits N N Y Y 6-week High School Students

California State University-Los Angeles JEIilel:cTe] N N Y Y 2-weeks High School Students

University of California-Los Angeles Engineering Design Summer Institute* Y Y Y Y 3-weeks High School Students

University of California-Santa Cruz High School Summer University N Y N N 5-weeks High School Students

University of Arizona Arizona Summer Engineering Academy (SEA) N N Y Y 2-weeks High School Students

University of South Florida The Next Scientist and Engineer N Y N Y 4-weeks High School Students

Table 1: The table above displays the top 21 institutions that graduate the most Hispanic students in STEM. It
includes the name of the summer program (asterisk, multiple programs) if the summer program was residential,
provided college-credit, research opportunities, and information on STEM careers, length of program (asterisk, not
offered in 2022) and target population (URM meaning Underrepresented Minority). Source: Institution’s website.

As part of this analysis, the objective was to display any similarities among the institutions
that could explain why these institutions graduate the most Hispanic students in STEM. Many
similarities arise, including providing transitional programs to high school students. All
institutions provide a summer bridge program aimed at high school students, some specifically to
underrepresented minorities and some to low-income students but all highlight STEM in
different ways. The most common component of the summer program across the institutions was
providing information about STEM; some offered seminars on STEM careers others offered
more information about majors across the STEM fields. The second most common component of
the summer programs was providing research experience to the students in different capacities.
Some programs would introduce research by visiting labs; other students conducted experiments
alongside mentors. Additionally, on average, across all these institutions, the length of a summer
program was about 2-weeks long. The only two programs that provide all the components are the
summer programs at Arizona State University and the University of California Los Angeles, but
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these vary in length. These two institutions also vary is Hispanic enrollment; Arizona State
University has a smaller percentage of Hispanic enrollment compared to the University of
California Los Angeles but higher rates of Hispanic graduates in STEM.

IPEDS Descriptive Analysis

Using the National Center for Education Statistics Post-Secondary Education Data System of
fall enrollment in 2021 the following figure was created to denote the percentage of Hispanic
students for each institution. The institutions are sorted from the highest number of Hispanic
STEM graduates to the lowest.

Figure 5: Percentage of Enrolled Students that are Hispanic by Institution (Fall 2021)
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Figure 6: The table above denotes the percentage of students enrolled in an institution that are Hispanic students.
The order of the university is based on the number of Hispanic STEM graduates. Source: IPEDS 2022

Figure 5 portrays the Fall 2021 enrollment of Hispanic students enrolled in each
institution as a percentage of the total student enrollment. It is no surprise that the higher
percentage of Hispanic student enrollment also has the highest rates of Hispanic STEM
graduation except for a few, such as Texas A&M University- College Station and Arizona State
University. This relationship between higher enrollment rates with higher graduation rates
corroborates findings in the literature that suggest that representation in the student body
contributes to persistence in STEM. However, it is interesting to note that the universities with a
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lower percentage of Hispanics enrolled, such as Texas A&M University- College Station and
Arizona State University, are still graduating high numbers of Hispanics in STEM.

A different analysis in Figure 6 provides a deeper view of the Hispanic students'
persistence in STEM. The figure shows two bars for each institution; the darker bar denoted
First-time Freshmen Hispanic student enrollment in the fall of 2015. The lighter bar denoted
STEM Bachelor's degrees awarded to Hispanic Students in 2020. The institutions' order in the
figure goes by the largest number of STEM Bachelor's degrees awarded to Hispanic students in
the U.S. The number in the percentage for each bar denotes the percentage of Hispanic students
that enrolled in 2015 and were awarded a STEM degree in 2020.

Figure 6: Hispanic STEM Graduates & FTF Enroliment by Institution

m STEM Bachelors Degree Awarded to Hispanic Students (2020) m First-time Freshman Hispanic Enrollment (Fall 2015)
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Figure 6: The figure above denotes the number of Hispanic STEM graduates and the corresponding first time
Freshman for the corresponding institution. The order of the institutions is by the largest number of Hispanic STEM
graduates to lowest. Source: IPEDS 2022, IPEDS 2015

The figure depicts the difference between the enrolled Hispanic students with those who
were able to graduate with a STEM degree from each institution. As we can see, there are some
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institutions with significant differences, two of the largest ones being the University of Texas-
San Antonio and the California State-Los Angeles. A hypothesis to the differences may be that
Hispanic students do not enroll in those institutions with the intention to major in STEM.
Otherwise, they might enroll in a STEM major but do not persist to graduation. Contrarily, the
institutions with the smallest difference between enrollment and graduation are the University of
California-San Diego, Florida International University, and the University of Houston. On the
surface, considering their corresponding summer programs, there do not seem to be many
similarities other than they offer multiple summer programs geared towards STEM. Further
research into the effectiveness of interventions would be needed to pinpoint the success of these
institutions in retaining Hispanic students in STEM.

Summary

The descriptive analysis provided in this chapter offer a framework for understanding the
status quo regarding Hispanic graduation in STEM in the United States. More research is needed
to understand what contributes to these institutions awarding the highest number of bachelor's
degrees in STEM to Hispanic students. Studying further how institutions with lower Hispanic
enrollment have higher graduation rates can provide helpful insights to other universities that
aim to increase diversity. It will be interesting to understand what these institutions are doing
differently and what interventions they have implemented. Additionally, it can provide further
information on interventions that affect recruitment for STEM programs, retention in STEM,
and, ultimately, graduation in STEM. Does having a transitional summer program affect these
outcomes? All these institutions had a version of a STEM summer bridge program; however, for
those institutions with the higher retention rates, they seemed to offer multiple STEM summer
programs. Further research is needed to understand the effects these programs have on the
recruitment, retention, and graduation of Hispanic Students in STEM. The following chapters
will explore a summer program hosted by large post-secondary university that will include an
analysis of the effects that participating in the summer program has on multiple outcomes.
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Chapter 4: Quantitative Research and Analysis of the MSP using
Postsecondary Institutional data

Introduction

As seen in previous sections, interventions like summer programs may help recruit and
retain underrepresented minorities in STEM. However, more research is needed to study the
effectiveness of summer programs on post-secondary STEM outcomes.

The large research institution in the southwest I examine is among those universities
with the highest awarding STEM degrees to Hispanic students. It is of interest to the study to
analyze one of its STEM-geared and URM-focused summer programs as an intervention that
may affect post-secondary outcomes in STEM. Few programs focus on STEM preparation by
centering on mathematics rigor and network among current college students and peers. The MSP
program is a summer bridge program that prepares historically underrepresented students in
STEM by focusing on mathematical readiness and statistical coding, exposure to an array of
resources, and networking. The program also offers residential living and meals at no cost to the
student. MSP provides an excellent case study for evaluation. In this chapter, I analyze and
determine if there is evidence of the program's effectiveness in preparing its participants to
succeed in a post-secondary STEM major. Results of this study can provide institutions and
government agencies guidelines for constructing programs that will be effective and sustainable,
much like MSP, which has functioned for over 30 years. Ultimately, the results of this study can
serve to inform best practices in these summer bridge programs and, in doing so, provide a
guideline for other colleges to initiate or restructure existing programs aimed at increasing
college preparedness in STEM and retention among historically underrepresented students.

About the MSP

The MSP was first established in 1985 by a mathematics professor at a large research
institution in the southwest. He created this program after noticing a significant disparity in the
enrollment of Hispanic, African American, Native American, and women in the mathematics
department. He decided to recruit students from surrounding high schools and teach them
mathematics in the summer for college credit to incentivize students to attend and major in
Mathematics. This program proved to be a tremendous recruiting tool for the mathematics
department as many of the later math graduates who were underrepresented minorities were
alumni of the program. After more than 34 years, the program has grown to provide residential
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living, research experience, a mathematical and statistical coding class, seminars on ways to fund
college, and institutional resources and events that foster relationships among peers and program
staff. The program's mission is to prepare its students better academically and socially to pursue
a degree in STEM. Over 60% of the MSP participants enroll in the hosting post-secondary
institution after high school, while many other alumni get accepted to various ivy league schools
majoring in STEM. The program has received national-level achievement awards for the
advancement of minority students in a post-secondary institution.’

The program currently hosts around 80 students every summer. Depending on the college
credit, the students will stay either 6 or 8 weeks in residential dorms at the large research
institution in the southwest’. Upon arrival, the students get paired with a residential mentor
(typically five students per mentor). The role of the mentor is to check in on the students'
progress and be a guiding support system as students go through the program. The residential
mentors organize social events to foster connection among the participants and staff and offer
mental health activities that serve as a break from homework and projects. The residential
mentors are current college students of the host university, usually in the STEM fields. The
students tend to create close bonds with their mentors as they are there to provide advice and
encouragement.

Tutors are being trained for two weeks prior to student arrival and cover items on the
curriculum, tutoring standards, and tips for identifying struggling students. Each class has a class
supervisor who is a lead tutor and oversees each student’s progress in their class and alerts the
rest of the tutors on ways to help the students better as they encounter problems in their
homework or prepare for an exam. The top administrative staff consists of residential
supervisors, who oversee all the mentors, the academic supervisors, who oversee all the training
and supervision of the tutors, and the program coordinators, who oversee the entire program.
Most of the staff, including the administrative coordinators, are MSP alumni. The professors who
teach the courses keep the same curriculum taught otherwise in a regular college course. The
professors create the exams; however, the lead tutors oversee the weekly quizzes. About 49% of
the MSP participants receive an A in the course, and the majority of students pass and receive
college credit. Every Monday, during the program, the program coordinators organize a one-hour
seminar during the morning session that covers various topics to educate the students about how
to apply for college, fund their tuition, career panels, and other helpful institutional and online
resources. One of the skills that students learn in MSP is how to place priorities and importance
in their academics alongside time management when it comes to their homework and projects.

6 pathways to Higher Education Award (2007), The Pathways to Postsecondary Integrated Impact

Award (2015), National finalist for Examples of Excelencia, (2016), Inspiring Programs in STEM Award presented
by INSIGHT Intro Diversity (2021), Epsilon Awards (2015, 2020, and 2021).

7 The program changed in 2019 and 2020 due to the covid-19 and budget restrictions. Currently, the program will
only provide one six-week session and include a local group of students who will commute to class.
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Students also become exposed to the class culture of college lectures and office hours and are
encouraged to ask for help. Additionally, participants of this program familiarize themselves
with the campus and institutional resources like the computer facilities and libraries, student
services, and fitness centers.

MSP Logic Model

The program's mission declares that "[MSP] is designed to provide a successful university
experience for students from underrepresented groups within the Science, Technology,
Engineering, and Mathematics (STEM) fields to enhance their prospects for future academic
success." (MSP Website). The program's overarching goal is to recruit historically
underrepresented students interested in STEM and provide an immersive college experience that
will increase the students' academic and social readiness for college. Although these students are
already high achieving in their respective high schools, many are the first in their families to go
to college and may not have the knowledge or resources that can help them be successful
throughout college. Thus, MSP provides academic and social support to assist the students in
succeeding. The following is the program's logic model:?

8 See Appendix for more on the programs’ structure.
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Research Questions

This chapter will and analysis will answer the following questions:

1) Does attending MSP improve student outcomes at post-secondary institution which
include relative to the rest of incoming freshmen students? Relative to incoming students
with the same demographics?

a. Post-secondary outcomes of interest:
i. Number of Math classes taken in the first year
ii. STEM grades in the first year
iii. Enrollment in STEM major
iv. STEM first-year persistence
v. STEM graduation rates

2) Are the program outcomes different for female students?

3) Are the program outcomes different for students with higher SAT scores?

4) Are the program outcomes different for students with higher high school GPA?

The following chapter will include a qualitative analysis that will give voice to past alumni on
the effects of participating in the program.

Data

The data used in this analysis is student-level institutional data for cohorts 2011-2020, that
have entered the post-secondary institution for the past six years; this ensures sufficient data for
the six-year graduation time frame (n=36,022). The institutional data was merged with the MSP
data to create a flag for students participating in the program (n = 165). The data included
students from different majors, but there was a flag for students enrolled in STEM. The
indicators variables that make up the data include demographics, high school information, first-
year academic metrics, and graduation outcomes. This data provides the opportunity for in-depth
insight into the academic progress of MSP participants along their STEM educational trajectory.

Table 2: Data Description

Category Variable Name Variable Type

Demographics | Race/Ethnicity Categorical

Gender Categorical

First-generation Categorical
High School Info | High school GPA Numerical
SAT score Numerical

Tittle 1 classification Categorical

Entering STEM major Categorical

First Year Success | First-year persistence in STEM Categorical
Number of math courses in first year Numerical
STEM college GPA Numerical

Outcome Variables | Graduation in STEM Categorical
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Methods and Analysis

Various studies have carried out similar evaluations with summer programs for different
subjects. Barnett et al. (2012) conducted a study on eight summer bridge programs in the state of
Texas. They randomized students that were eligible to developmental remedial courses and
consented to either the treatment, participating in the summer program or attend college as usual.
The study followed them throughout their first two years of post-secondary education, recording
their performance in math and English courses, persistence, and college credit attainment. Their
limitations included not being able to identify which program component was more or least
effective, following students that did not attend the host institution and assessments before or
after the treatment. Further, the analysis the previous study did not focus on STEM disciplines
and restricted their population to students eligible for developmental courses. Other evaluations
of 4 to 6-week residential experiences in the Cal State System focused on exposing students to
the college experience. They observed an increase in first and second-year student retention rates
(Garcia, 1991). Another similar quasi-experimental study that evaluated a program structured by
components of the Tinto (1993) model-called, Pathways Summer Bridge (PSB) at Arizona State
University- aimed at increasing the retention and persistence of its participants passed the first
year (Suzuki et al., 2012). They conducted surveys at different stages among their control and
treatment groups. One of their limitations was attrition among surveys and interviews, while
their control group was a convenience sample where demographics were unknown. These studies
were used as a guide in this analysis, however due to some limitations (primarily COVID-19) it
was a challenge to follow students and compare cohorts as the program changed during the
pandemic and post-pandemic. Thus, analysis will use the institutional data and quasi-
experimental methods for students that attended the host institution in the past six years to create
a quasi-control group using generalized boosted regression (GBM) via the Toolkit for Weighting
and Analysis of Nonequivalent Groups (TWANG) statistical package. Conducting an ideal
randomized control trial was beyond feasible for this study, however such approach is considered
for further research.

Data cleaning and description

I started by cleaning the data to verify inconsistencies such as duplicate values, correct
data entry, and correctly formatted variables. Statistical techniques such as tables and descriptive
were used to identify outliers or missing values. The following table shows the percentage of
missing entries for its corresponding variable.
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Table 3: Numerical values and their percentage of Missingness in the data set

Numerical Variable Percent Missing

First Year Spring Math Course Count 43%
SAT Score 34%
First Year Fall Math Course Count 24%
First Year Spring STEM GPA 24%
First Year Fall STEM GPA 17%
FAFSA Flag 12%
High School GPA 4%

For the numerical variables, assuming the data were missing at random (there was no distinction
among demographics), the multivariate imputation by chained equations (MICE) statistical
method was used to impute the missing values (Van Buuren & Groothuis-Oudshoorn, 2011).
This statistical method imputes data variable by variable, creating an imputation model per
variable; that is, missing values will be replaced by predicted values in models where the
variables with non-missing values are the independent variables. The advantages of multiple
imputations are (when assumptions are met) unbiased estimates not contaminated by dropping
observations due to missing data, and the ability to use all the data, preserving sample size. The
uncertainty in single imputation is not considered when conducting statistical analysis but is with
multiple imputation. The following table denotes demographic information of the data prior to
imputation or weights. The first column describes the information about the control group and
the second column corresponds to the MSP participants. A percentage of the total population is
displayed for the categorical variables, and for numerical variables, the mean and standard

deviation are reported.
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Table 4: Demographics of Institutional data comparing Treatment and Control Groups

Demographics 0, N = 35,8577 1, N = 1657
Gender
F 18,583 / 35,857 (52%) 76 /165 (46%)
M 17,274 | 35,857 (48%) 89 /165 (54%)

Race/Ethnicity

American Indian/Alaska Native 510/ 35,857 (1.4%) 11/165 (6.7%)

Asian 2,989 /35,857 (8.3%) 29/165 (18%)
Black/African American 1,338 /35,857 (3.7%) 6/165 (3.6%)
Hispanic/Latino 9,412 | 35,857 (26%) 83 /165 (50%)
International 162 / 35,857 (0.5%) 0/165 (0%)

Native Hawaiian/Pacific Islander 84 / 35,857 (0.2%) 0/165 (0%)

Two or More Races 1,462 /35,857 (41%) 8165 (4.8%)
Unspecified 374 | 35,857 (1.0%) 1/165 (0.6%)
White 19,626 / 35,857 (54%) 27 /165 (16%)

First Generation

0 20,134 /31,413 (64%) 49/151(32%)
1 11,279 / 31,413 (36%) 102 /151 (68%)
(Missing) 4,444 14

High school GPA 3.46 (0.42) 3.76 (0.22)
(Missing) 1,325 2

SAT Score 1,191.93 (160.10)  1,224.95 (141.29)
(Missing) 12,220 60

Title 1 High school

0 24,543 /35,712 (69%) 46 /165 (28%)
1 11,169 /35,712 (31%) 119/165 (72%)
(Missing) 145 0

"n/N (%); Mean (SD)

As shown in the table above, the control group's total is (N=35,857) and the summer program
participants (n= 165). Female students participating in the summer program tend to be slightly
less represented than the control group. Further, 50% of summer program participants are of
Hispanic/Latinx descent compared to 26% in the control group. Another difference is that
summer program participants tend to be first-generation and come from a Title 1 High school.
These statistics are not surprising given that the program targets first-generation and historically
underrepresented students. However, summer program participants tend to have a higher high
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school grade point average and higher SAT scores than their counterparts, indicating academic
preparedness.

Propensity Score

To be able to compare the MSP participants to their counterparts, the Toolkit for
Weighting and Analysis of Nonequivalent Groups (TWANG) statistical package was used
(Ridgeway et al., 2017). The foundational method of TWANG is propensity score matching, a
method first introduced by Rosenbaum and Rubin (1983). Propensity scores and weights used to
estimate the average treatment effect on the treated (ATT) are derived from generalized boosted
regression (GBM). The propensity score is the probability that a subject is placed in treatment
conditional on the observed data. The goal of a propensity score is to get balanced treatment and
control groups such that it mimics some characteristics of a randomized control trial; intuitively,
it seeks to create a corrected control group by selecting and upweighting non-program
participants in the university that most look like program participants across several variables.
Below is a table of balance statistics that depicts the balance of the treatment and comparison
groups before and after the weights are applied.

Table 5: Balance of the treatment and comparison groups

Treatment (M) Control(M) ks-statistic ~Control (UWM)

Female 0.461 0.460 0 0.518
Male 0.539 0.540 0 0.482
American Indian/Alaska Native 0.067 0.066 0 0.014
Asian 0.176 0.175 0.001 0.083
Black/African American 0.036 0.035 0.001 0.037
Hispanic/Latino 0.503 0.496 0.007 0.262
International 0 0.001 0.001 0.005
Native Hawaiian/Pacific Islander 0 0 0 0.002
Two or More Races 0.048 0.050 0.001 0.041
Unspecified 0.006 0.005 0.001 0.010
White 0.164 0.172 0.009 0.545
First Generation Flag 0.648 0.644 0.005 0.355
Title 1 0.721 0.715 0.006 0.312
High School GPA 3.765 3.762 0.010 3.464
SAT Score 1206.545 1204.341 0.017 1179.842

Table 5: The first two columns are the treatment and control weighted means, the k-statistic for the difference in both
weighted means and the last column shows the control unweighted mean for each characteristic.
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Regression Models

For the numerical outcome variables (Number of math courses taken in the fall and spring
semesters, college STEM GPA in fall and spring semesters), since they are count data, I fit the
weighted data to a Poisson regression. Poisson regression model for observation i is given by:

—exp {Xip} ‘N Vi
P(Y=yi i, f)="— P

yi!

Where the rate A is determined by a set of 7 predictors X=(MSP Participant, First Generation,
Title 1 high school, Gender, Race, High school GPA and SAT Score )

A=exp{XB} fori=1..36,022

Note that the following covariates are coded as binary (MSP Participant, First Generation, Title 1
high school), other covariates are categorical (Gender, Race, High school county) and the rest are
numerical (High school GPA and SAT Score). In the following sections the coefficients will be
interpreted with this in mind. The following analysis will incorporate interpretations of the beta
coefficients with consideration of the classification of the predictor variables.

For the dichotomous outcome variables (Enrolling as a STEM major, persisting in STEM, and
Graduation in STEM), the analysis consisted of logistic regression models with the weighted
data. The formula for the dichotomous outcome variables was as follows:

A

p
1
n(1—

13> = logit(P(Y = 1|X,)) = Bo + B1(MSP Participant) + B,Gender + B;Race

+B4(First Generation) + Bs(High school county) + Be(Title 1 High school) +
Be(High school GPA) + B;(SAT Score) + a; fori=1..36,022

Where p represents the probability the outcome variable is true (i.e., the probability that a
student graduates with a STEM degree) and 1 — p is the probability that the outcome variable
doesn’t happen (i.e., the probability that students do not graduate with a degree in STEM).
Additionally, interactions were also added to both models to explore differences in MSP
treatment effects in female students with the hypothesis that women might benefit more from the
MSP program’ but given findings in the literature'®, may have a harder time in their post-
secondary outcomes (i.e., explore differences in slopes). Further, since it is understood that
students that participated in the program are high performing, it was of interest to the study to
explore if students with high SAT and high school GPA had different treatment effects than their

9 On average, the composition of the MSP program tends to have more female students than males.

107 previous sections, the literature explores challenges and barriers that URM and females might encounter in
STEM fields, which tend to be male dominated.

31



counterparts. The analysis does not include an interaction of race and MSP participation due to
the lack of variation in the MSP participants compared to their counterparts'!.

Results

Impact of Summer Program Participation on Number of Math courses taken in Fall and
Spring Semesters

The first post-secondary outcome this analysis explores is the impact participating in MSP
has on the number of math courses taken in the fall and spring semesters of the first year of
college. Multiple regression was used to test if participating in the summer program, gender,
race/ethnicity, first-generation flag, high school county, title 1 high school classification, high
school GPA, and SAT score significantly predicted the number of mathematics courses during
the first year of post-secondary experience. Table 6 shows the results of the fitted regression
model. The average difference in mathematics courses taken in the first year between summer
participants and their counterparts was statistically significant (f = 0.112, p <0.1 in the fall and
B=0.176, p <0.01 in the spring). Thus, compared to students that did not participate in the
summer program, we expect that summer program participants will take ~ 0.2 more math courses
in the spring semester on average than if they had not participated in MSP. Another way to
interpret this is one in five MSP students will take an additional math course in the spring due to
treatment.

Some of the coefficients on the control variables are also of interest. For the first model in
Table 6, on average, compared to White students, Black/African American students take 0.121
fewer math courses in the first semester (p < 0.05). However, the significance diminished by the
second semester, as seen in the model (2). However, the average difference in math courses
taken in the first semester for female students compared to the average difference in math
courses taken in the second semester differs across models. In model (2), the regression results
show that the average difference in math course-taking in the spring semester between male and
female students is significant (p < 0.01). The coefficient states that female students, on average,
take 0.1 fewer math classes compared to their male counterparts. It is also important to note that
in the model (2) SAT score is significant however on a different scale that is to say that for
example, participating in MSP has equivalent impact on spring course count than 200-point
increase on the SAT score.

' For the MSP participants in the data 50% of the participants are Hispanic.
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Table 6: Math Course Count in the First Year Regression Results

Dependent variable:

First Year Fall Math Course Count  First Year Spring Math Course Count

(1) (2)

MSP Participant 0.112%** 0.176***
(0.026) (0.030)
Female —0.021 —0.093***
(0.025) (0.032)
American Indian/Alaska Native —0.105 —0.006
(0.068) (0.090)
Asian —0.042 —0.100*
(0.057) (0.054)
Black/African American —0.121** —0.075
(0.049) (0.078)
Hispanic/Latino —0.077 —0.008
(0.050) (0.048)
International —0.091** —0.072
(0.045) (0.066)
Hawaiian/Pacific Islander —0.079* 0.082
(0.042) (0.079)
Two or More Races —0.082 —0.013
(0.076) (0.080)
Unspecified —0.106* —0.053
(0.061) (0.088)
First Generation —0.059* —0.044
(0.032) (0.036)
Title 1 High School —0.055 0.029
(0.034) (0.038)
High School GPA —0.029 0.087
(0.068) (0.076)
SAT Score 0.0001 0.0005***
(0.0001) (0.0001)
Constant 0.131 —0.690**
(0.250) (0.300)
Observations 36,022 36,022
Log Likelihood -37,924.970 -40,765.490
Akaike Inf. Crit. 75,879.930 81,560.980
Note: *p<0.1; **p<0.05; **p<0.01

Impact of Summer Program participation on STEM GPA Fall and Spring Semesters

The second outcome explored in this study was the impact of participating in a summer
program on STEM GPA in the first year. Only the GPA for science, technology, engineering,
and mathematics courses students took in the fall and spring semesters is considered the
dependent variable of the linear models in Table 7. As the regression results show for both fall
and spring semesters, participating in a summer program did not significantly predict STEM
GPA (B =-0.008 in the fall and B =-0.006 in the spring). Looking closer at the race and ethnic
variables, American Indian/ Alaskan Native students, on average, have lower STEM GPA
compared to White students controlling for these other factors (f =-0.156 p < 0.05 in the fall,f =
-0.233, p < 0.05 in the spring). However, the average change in STEM GPA is different for
international students. Compared to White students, on average, international students have
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higher STEM GPA in the first year (f = 0.082, p < 0.05 in the fall and f = 0.162, p < 0.05 in the
spring). Consistent with the literature, High school GPA significantly predicts STEM GPA in the
first year (f = 0.468, p < 0.01 in the fall and B = 0.520, p < 0.01 in the spring). Similarly, SAT
Scores significantly predict STEM GPA in the first year, however at different scales like
discussed in the previous section (for example, a 200-point increase in SAT scores is equivalent
to in impact on the first year STEM GPA as an 0.15-point increase in GPA).

Table 7: STEM GPA in First Year Regression Results

Dependent variable:

First Year Fall STEM GPA  First Year Spring STEM GPA
(1) 2

MSP Participant —0.008 —0.006
(0.022) (0.028)
Female —0.006 —0.021
(0.023) (0.027)
American Indian/Alaska Native —0.156"* —0.233"*
(0.074) (0.102)
Asian 0.015 0.060
(0.031) (0.041)
Black/African American —0.043 0.006
(0.056) (0.127)
Hispanic/Latino —0.032 —0.003
(0.030) (0.037)
International 0.082** 0.162***
(0.035) (0.042)
Hawaiian/Pacific Islander —0.032 0.010
(0.061) (0.072)
Two or More Races 0.036 0.060
(0.034) (0.056)
Unspecified 0.088 0.196**
(0.060) (0.090)
First Generation 0.0002 —0.001
(0.022) (0.029)
Title 1 High School —0.018 —0.004
(0.024) (0.032)
High School GPA 0.468*** 0.520%*
(0.068) (0.077)
SAT Score 0.0004*** 0.0004***
(0.0001) (0.0001)
Constant —1.106™** —1.404***
(0.274) (0.312)
Observations 36,022 36,022
Log Likelihood -Inf.000 -Inf.000
Akaike Inf. Crit. Inf.000 Inf.000
Note: *p<0.1; *p<0.05; **p<0.01
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Impact of Summer Program Participation on Enrolling as a STEM major and
Persistence in STEM

Table 8 shows the results from the logistic regression results for students enrolling in a
STEM major at the beginning of their post-secondary education and persistence (enrolled in the
following semester with the same STEM major after the first year). The dependent variables are
dichotomous, where the value of one indicates that students are enrolled in a STEM major and
zero otherwise.

Table 8: Entering as a STEM Major and Persistence in STEM Regression Results

Dependent variable:

Entering STEM Major  STEM first-year persistence

(1)

(2)

MSP Participant 0.3175*** 0.3022***
(0.0305) (0.0322)
Female —0.2777** —0.2554***
(0.0316) (0.0331)
American Indian/Alaska Native —0.0380 —0.0490
(0.0708) (0.0899)
Asian 0.0939* 0.0838
(0.0504) (0.0571)
Black/African American —0.0448 —0.0328
(0.0896) (0.0938)
Hispanic/Latino —0.0194 0.0337
(0.0454) (0.0496)
International —0.0647 —0.1146
(0.0855) (0.0742)
Hawaiian/Pacific Islander —0.0426 —0.0178
(0.0872) (0.0898)
Two or More Races 0.0228 0.0956
(0.0619) (0.0623)
Unspecified 0.2089*** 0.2538**
(0.0793) (0.1080)
First Generation —0.0928*** —0.0597*
(0.0302) (0.0353)
Title 1 High School 0.0454 0.0238
(0.0346) (0.0384)
High School GPA 0.1581** 0.0882
(0.0795) (0.0828)
SAT Score 0.0002* 0.0003**
(0.0001) (0.0001)
First Year Fall STEM GPA 0.0674***
(0.0247)
First Year Spring STEM GPA 0.0423**
(0.0209)
Constant —0.2034 —0.4790
(0.2944) (0.2968)
Observations 36,022 36,022
Log Likelihood -58,072.6000 -58,318.5700

Akaike Inf. Crit.

116,175.2000

116,671.1000

Note:
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For both models in Table 8, a weighted logistic regression was used to analyze the
relationship between demographic information and pre-academic indicators on the probability of
enrolling as a STEM major and persisting in STEM. It was found that holding all other variables
constant, the odds of enrolling as a STEM major increased by about 38% (95% CI [ 0.30, 0.46])
for students who participated in the summer program compared to students who did not
participate. Similarly, it was found that holding all other variables constant, the odds of
persisting in a STEM major increased by 38% (95% CI [ 0.30, 0.46]) for students who
participated in the summer program compared to students who did not participate. While holding
everything constant, female students are 24% (95% CI [ -0.29, -0.20]) less likely to enroll in a
STEM major and persist in a STEM major than their male counterparts. Further, for first-
generation students, the odds ratio indicates that compared to not first-generation students, the
likelihood that students enroll in a STEM major is 9% (95% CI [ -0.14, -0.03]) less. However,
when it comes to persistence in STEM, being a first-generation student does not statistically
predict likelihood.

Similarly, it was found that for a one-unit increase in high school GPA, the likelihood
that students enroll in a STEM college major increase by approximately 17% (95% CI [0.01,
0.37]), but there is no effect on persistence in STEM. Although for both semesters, the college
STEM GPA significantly predicts the likelihood of persistence in STEM. For a one-unit increase
in college STEM GPA during the fall semester, the likelihood that a student persists in STEM
increases by 7% (95% CI [0.02, 0.13]) and 4% (95% CI [0.00, 0.09]) in the spring semester.

Impact of the MSP on Graduation in STEM

The final post-secondary outcome of this analysis is to study the effect participating in
the MSP program has on graduating with a STEM major. Logistic regression was used to
analyze this relationship and better understand what impacts the probability of graduating with a
STEM degree. As shown in Table 9, holding other variables constant, the odds of graduating
with a STEM degree increased by 27% (95% CI [0.19, 0.36]) for students that participated in the
summer program compared to students that did not. Noticeably there was an association between
female students and graduation in STEM. Female students were less likely to graduate with a
STEM compared to male students exclusively (OR = 0.82, 95% CI[0.77, 0.88]). Likewise, first-
generation students are also less likely to graduate compared to non-first-generation students,
exclusively (OR =0.91, 95% CI [0.85, 0.98]).

As shown in the table, pre-academic indicators like high school GPA are associated with
graduation in STEM. For a one-unit increase in high school GPA, the likelihood of a student
graduating with a STEM degree increases by 17% (95% CI [0.03, 0.33]), a higher percentage
than a first-year college STEM GPA. For both fall and spring semesters, a one-unit increase in
STEM GPA increases the likelihood of graduating with a STEM degree by 11% (95% CI[0.07,
0.15]). Consistent with literature, shown in these regression results for students in this dataset
high school GPA is a strong predictor of long-term outcomes such as graduation in STEM.
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Dependent variable:

Graduation in STEM

MSP Participant 0.2367***
(0.0322)
Female —0.1930***
(0.0336)
American Indian/Alaska Native —0.1436*
(0.0794)
Asian 0.1036*
(0.0574)
Black/African American —0.0566
(0.1015)
Hispanic/Latino 0.0202
(0.0480)
International —0.1232*
(0.0689)
Hawaiian/Pacific Islander —0.1235*
(0.0686)
Two or More Races 0.1400**
(0.0645)
Unspecified 0.2754**
(0.1076)
First Generation —0.0902**
(0.0360)
Title 1 High School 0.0382
(0.0376)
High School GPA 0.1631**
(0.0675)
SAT Score 0.0002**
(0.0001)
First Year Fall Math Course Count 0.0992***
(0.0197)
First Year Fall STEM GPA 0.0573***
(0.0180)
First Year Spring STEM GPA —0.9621***
(0.2540)
Observations 36,022

Log Likelihood
Akaike Inf. Crit.

-57,205.1300
114,444.3000

Note: *p<0.1; **p<0.05; **p<0.01

Table 9: Graduation in STEM Regression Results

Table 9: The coefficients on the table above are logistic regression coefficients in the description of the data it refers
to the odds ratio by using the 1 — e#.
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Interaction Effects of Female Summer Participants

The following analysis explores differences in female summer program participants
across all the post-secondary outcomes previously mentioned. The following two tables include
regression results with significant differences in post-secondary outcomes among female summer
program participants and their counterparts. Multiple linear regression was used in both of the
following models, with dependent variables being math course count in the first year.

Table 10: Female MSP Participant Interaction Math Course Count Regression Results

Dependent variable:

First Year Fall STEM GPA  First Year Spring STEM GPA
(1) 2)

MSP Participant 0.039 0.069
(0.096) (0.109)
Female 0.047* 0.029
(0.027) (0.032)
American Indian/Alaska Native —0.423** —0.560**
(0.186) (0.223)
Asian 0.062 0.199
(0.102) (0.131)
Black/African American —0.129 0.013
(0.154) (0.336)
Hispanic/Latino —0.100 —0.010
(0.094) (0.109)
International 0.267** 0.510%**
(0.112) (0.125)
Hawaiian/Pacific Islander —0.114 0.005
(0.180) (0.202)
Two or More Races 0.118 0.183
(0.111) (0.174)
Unspecified 0.295 0.622**
(0.201) (0.306)
First Generation —0.006 —0.012
(0.069) (0.085)
Title 1 High School —0.069 —0.030
(0.074) (0.096)
High School GPA 1.290** 1.351%**
(0.172) (0.192)
SAT Score 0.001*** 0.001***
(0.0003) (0.0003)
Female * MSP Participant —0.140* —0.190
(0.137) (0.161)
Constant —3.206** —3.670***
(0.690) (0.751)
Observations 36,022 36,022
Log Likelihood -85,831.600 -91,213.750
Akaike Inf. Crit. 171,695.200 182,459.500
Note: *p<0.1; *p<0.05; **p<0.01

With the introduction of the interaction term, table 10 shows a slight difference between
female and male students who participated in the summer program and math course count in the
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spring semester (3 =-0.140, p <0.1). However, it is not at the significance level to conclude
statistically different treatment effects between female and male summer program participants.

Interaction Effects of Summer Program Participants with High SAT Scores

This study is also interested in analyzing potential differences in summer participants
with high SAT scores on post-secondary outcomes. A regression model was run for all post-
secondary outcomes; only the first-year math course count was statistically significant.

Table 11: MSP Participants with Higher SAT Scores in First-Year Math Course Count Regression
Results

Dependent variable:

First Year Fall Math Course Count  First Year Spring Math Course Count

(1)

(2)

MSP Participant 0.0509* 0.1715***
(0.0281) (0.0464)
SAT Score above median —0.00001 —0.0001***
(0.00003) (0.00004)
Female —0.0287 —0.1129***
(0.0277) (0.0384)
American Indian/Alaska Native —0.1202 —0.0077
(0.0748) (0.1116)
Asian —0.0459 —0.1273*
(0.0655) (0.0674)
Black/African American —0.1278** —0.0950
(0.0555) (0.0903)
Hispanic/Latinx —0.0840 —0.0151
(0.0581) (0.0617)
International —0.0996* —0.0810
(0.0514) (0.0781)
Hawaiian /Pacific Islander —0.0923* 0.0836
(0.0504) (0.0995)
Two or More Races —0.0898 —0.0159
(0.0859) (0.0995)
Unspecified —0.1147* —0.0330
(0.0658) (0.0950)
First Generation —0.0666* —0.0563
(0.0357) (0.0458)
Title 1 High School —0.0608 0.0367
(0.0380) (0.0474)
High School GPA —0.0270 0.1056
(0.0735) (0.0898)
SAT Score —0.00001 0.0008***
(0.0002) (0.0002)
SAT Score above median
MSP Participant 0.0001** 0.0001
(0.00004) (0.0001)
Constant 1.3139*** —0.0947
(0.2765) (0.3601)
Observations 36,022 36,022
Log Likelihood -46,920.5200 -61,062.1200
Akaike Inf. Crit. 93,875.0500 122,158.2000

Note:
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The table above shows that summer program participants with high SAT scores statistically
significantly differed from their counterparts though the effect size is minimal (f = 0.001, p <
0.05). This result coincides with SAT score as a predictor in the previous model (table 5), where
the effect was minimal, and it did not statistically predict the number of math courses taken in
the first year. The study was also interested in exploring differences between summer program
participants with above the mean high school GPA and their counterparts. A regression model
was run across all post-secondary outcomes; the results concluded no statistically significant (p <
0.05) differences among higher high school GPA summer participants on any post-secondary
outcomes.

Discussion

This analysis indicates a confident belief that summer programs like MSP can impact
underrepresented minorities' post-secondary outcomes. Participants of this summer program are
predominantly first-generation, low-income, and of a historically underrepresented minority
group in STEM. Students attending this institution and participating in this summer program
were more likely to take more math courses, enroll in a STEM major, persist in a STEM major,
and ultimately graduate with a STEM degree. Although this analysis exhibits no treatment
effects in STEM GPA during the first year. It opens the possibility that the summer program may
have offered more than academic preparedness to its participants. Further, it was shown that the
program effects were similar across gender, including the likelihood of graduating in STEM.
This summer program also provided similar effects to women in most post-secondary outcomes,
including graduation in STEM. Besides academic preparedness, curiosity seeps into
understanding what affects participating in this summer program. The students who participated
in this program entered the institution with higher GPA averages than the rest of the population;
however, it was not significantly different once in college when college STEM GPA was
considered compared to other students with the same demographics. It leads to an understanding
of how students who participated in this summer program could persist in STEM and eventually
graduate even if they did not have the same GPA as in high school.

These results also coincide with the literature (as seen in Chapter 2) in that the pre-
academic factors have a strong relationship with first-year performance. It leads to further
investigation to understand students' grit in this summer program to persist in STEM and
eventually graduate even if they did not have the same GPA as high school. An intervention that
shows promise in increasing the likelihood of persistence in STEM and STEM degree attainment
should be used as a template for other institutions to follow suit.

Limitations

To make any definite conclusions on the effectiveness, ideally, the data would be a
complete randomized control trial. An RCT would ensure that the students that completed the
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summer program are chosen at random; however, that is difficult when considering that
interventions like these actively recruit students that are a first-generation, low-income, and
underrepresented minority in STEM. Students who apply for this program are eager for an
opportunity and yearn to increase their knowledge of navigating college. This can impact
students' willingness to persist in STEM, and it becomes hard to parse out the summer program
effect without qualitative research. Therefore, our results in this chapter suggest that a summer
program like the one studied in this dissertation shows promise to have a positive relationship
with post-secondary outcomes. A qualitative analysis will provide a deeper look into the program
and its perceived effect on its participants in the following chapter.
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Chapter 5: Qualitative Research and Analysis of the MSP

Introduction

The following chapter aims to look further into the MSP program using a qualitative
approach to supplement the results exhibited in chapter 4. It is of interest to this study to analyze
the alumnus personal experience before, during, and after participating in the MSP. This new
data will help understand the decision-making process and whether participating in the MSP
influenced such decisions. The qualitative research in this chapter focused on the following
research questions:

1. What barriers and challenges do historically underrepresented minority students
encounter throughout their educational trajectory in the STEM fields?!?
2. What do MSP participants think of the program?

2.1. What are the students that participated in MSP most significant takeaways from the

program?

2.2. What component of the program do the alumni find most useful in preparation for

post-secondary education in STEM?
3. Do the MSP students suggest any changes to the program?

Do students feel prepared for a major in STEM after participating in MSP compared to

their high school preparation?

5. Do students decide to attend the institution due to their participation in MSP?
6. In what ways does MSP impact the persistence of its participants in STEM?

This research aimed to gather data on the three major components of the program
participant's academic trajectory. The first section pertains to their high school preparation and
pre-academic performance before participating in the MSP program. The second section gathers
information on how they are introduced to the math-science program and their experience within
that program. The last section gathers information about their undergraduate experience and how
the MSP program helped them as they navigated through a STEM degree. Additional questions
were asked regarding implementation challenges and the work environment for the alumni who
worked for the program. This information can provide insight into what components of the
summer program work and any potential impact participating had on their post-secondary
preparation.

12 This question was used to guide the literature review in chapter two but is also of interest to understand the
challenges and barriers for alumni of the summer program.
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Methodology

Methods selection

This study aims to explore students' individual experiences participating in the MSP to
complement the research and analysis exhibited in chapter 4. In contrast with quantitative data,
qualitative data can better capture individual experiences and nuance to explain relationships.
This study uses thematic analysis compared to other qualitative methods, such as grounded
theory, narrative analysis, content analysis, discourse analysis, and interpretive
phenomenological analysis. Thematic data analysis is a type of inductive analysis that aims to
systematically generate theories to identify patterns of meaning across qualitative data (Terry et
al., 2017). This analysis is often combined with quantitative methods and is widely used in
public policy and education research (Castleberry & Nolen, 2018). The analysis consists of an
inductive, exploratory approach, though there are broad hypotheses of URM in STEM (as seen in
chapter 2); providing opportunities for emerging themes will bring insight into experiences for
this specific summer program and further understand results of chapter 4. Since individual
perspectives are essential for this analysis, one-on-one interviews are preferred over surveys and
focus groups. Individual interviews allow the interviewee to expand on a statement and clarify
responses without being influenced by another participant.

Development of Interview Protocol

The data generated aimed to encompass the academic trajectory of the summer program
participants as they moved through a STEM major and look back into any impacts participating
in the summer program had on their decision-making progress. The design of the protocol was as
follows (1) high school preparation, (2) introduction to the MSP program and experience within,
and (3) undergraduate experience. These focus areas can help to understand the impact of the
MSP program and help to isolate any effects participating in the program had on post-secondary
outcomes. The first section aims to understand how well the students felt their high school
prepared them for college, if their parents helped with college preparation or if they ever
attended any other summer program. The second section investigates the summer program's
recruitment process and critical components that aided the students' college readiness. This
section helps to understand how students categorize their experiences in the MSP summer
program and their perceptions of the preparedness they received. The questions include are open-
ended to gather as much information as possible. The last section investigates the decision-
making behind selecting STEM as a major, barriers that made it difficult to continue in a STEM
major, and ways in which participating in the summer program helped during their
undergraduate experience. If the student was once a staff member of the summer program,
questions about implementation and improvement recommendations were asked.
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The same protocol was used on all interviewees. A beta test was completed with two
interviewees not associated with the math summer program. Results of that test suggested re-
ordering the interview questions and reducing lengthy ones to ensure about 30-45 minutes to
complete the interview. The dissertation committee member reviewed the final interview
questions and was approved by RAND's Human Subjects Protection Committee before
interacting with any summer program participant'®>. Appendix A exhibits the interview protocol
that was used for this study.

Conducting Interviews

All interviews consisted of a semi-structured format following the interview protocol
explained in the previous section. All interviews were conducted by phone on a one-on-one
basis, recorded with the interviewee's consent for note-taking purposes, and deleted once the
analysis was completed. Being able to record allowed for a focus on the responses, the ability to
ask for further detail, and able to summarize responses to ensure accuracy of the categorization
of their experiences. The interview notes were then placed in a spreadsheet and completed with
the help of the recorded files. The spreadsheet did not include any names or ways to identify the
interviewee. The columns denoted the interview questions, and the rows were for each
interviewee. Once the interviews were finalized, the responses were scanned and coded until
themes emerged. The data was reviewed several times, and themes were assigned accordingly.
After applying the themes, percentages of interviewees with related themes were calculated.

Selection and Demographics of Participants

The sample of students who enrolled in the same institution and participated in the
summer program during 2015-2019 is approximately 165'%. The program's coordinator identified
the interviewees via email, as she was the only appointed person with their contact information.
The recruitment email explained the study, the purpose of the interview, and how to participate.
The students that received the recruitment email were prompted to contact me to join the list of
interviewees. Once the interviewee contacted me via email or text, I would set up a phone
interview that would take approximately 20-30 minutes. In total, 30 participants consented to be
a part of the interviews. Below are the demographics of the interviewees, which include race and
ethnic percentages and years they participated in the program.

13 This study was approved and determined to be a “Category 7—Individual or group characteristics or behavior
(Minimal risk surveys, interviews, focus groups, etc.)” study by RAND’s Human Subjects Protection Committee,
and was deemed exempt from any further review. Study number 2019-N0166.

14 The students that were sent a recruitment email had to participated in the summer program and attended the host
university to be consider in the study. We allow students heading back to 2013 because the students are allowed to
participate in the program as early as sophomore year. Some limitations include students that no longer were in the
university and did not update their contact information with the program.
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Figure 8: Demographics of Interviewees

Race and Ethnicity Of Interviewees Year Interviewees Reported
Native ) N
American Asian (8%) 2019 (12%)

(5%)

2017 (11%) 2015 (35%)
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Black/Africa
n American
2016 (159
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(70%)

2018 (27%)

Figure 7: Figure 7a on the left is the percentage of alumni of the program that were interviewed. Figure 7b on the right
denotes the year the interviewees attended the summer program. The demographics are provided in percentages to
preserve the identity of the interviewees.

Limitations

The research analysis presented some limitations, primarily the sample size. Given the
total sample size (N= 165), the ideal sample size for a 90% confidence at a 5% margin of error is
103 participants. Some of the reasons for the smaller sample size is the outdated contact
information; some students have graduated and since have not updated their contact information.
I decided to carry forward with 30 interviews, given the lack of emergent themes after the 7th
interview. Additional interviews would not likely have altered the findings significantly.
Literature in qualitative research offers meeting saturation determined by 92% of emergent
themes identified by the 10th interview (Guest et al., 2006; Namey et al., 2016). Given that all
the themes emerged by the 7th interview, I concluded that saturation was reached, and therefore
no more interviewees were needed.
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Figure 9: Number of Themes that Emerged by Interviewee
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Interview Results

As shown in Figure 9, the data analysis identified 12 key themes organized into three
sections; pre, inter, and post-participation in the summer program. The themes identified are the
following: (1) My high school did not prepare me for college, (2) My interest in STEM started as
early as middle school, (3) My parents lacked knowledge about the college application process,
(4) Financial stress, (5) Skills developed in the program, (6) Building lasting relationships, (7)
Empowerment to face challenges, (8) The college experience, (9) Exposure to resources, (10)
Exceeded expectations, (11) Resiliency in STEM, (12) and Barriers to continuing in STEM. The
following sections will go deeper into each theme.

Figure 10: Emergent Themes
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Pre-Summer Program

My high school did not prepare me for college
Interviewees reported (~73%) that they felt unprepared to attend the summer program.

They stated that the summer program was intense, at a higher rigor than their high school. Most
of the students that reported this also mentioned that their high schools lacked the resources to
better their college preparation.

e "I felt so unprepared to start college, let alone the program. I come from a rural
town, and I feel like my school was not equipped to prepare me for STEM. 1
learned about the program from my cousin, not the school."

e "I feel like high school didn't really prepare me for college. I feel like the summer
program helped me more in college. The counselors did help my mom with
scholarships only because she would go and ask all the time."

o "I feel like my high school did not prepare me for college. I felt behind from peers
at the start of the program, but the program helped me feel more prepared and
ready for college."

My interest in STEM interest started as early as middle school

When relating the initial interest in STEM careers, interviewees (~53%) reported that
they knew that they wanted to pursue a STEM career as early as middle school. Other
interviewees also reported that participating in programs while in middle school exposed them to
a career path that they might not have known otherwise.

e "I knew I wanted to do something in STEM like in 7th grade. I heard about it in
school. "

e "In 7th grade, I attended a program called Center for Talented Youth. I took a 3-
week course where they talked about engineering and ever since I have been
interested in pursuing that career path."

e "[ was first introduced to STEM careers in 8th grade in a program called East
Valley Chamber of Commerce. They would take us to career tours and once we
went to Intel, we got to see their workplace and I became interested since"

My parents lacked knowledge about the college application process
As first-generation students, (~85%) of the interviewees recounted that they did not feel
they could expect to receive guidance from their parents as they planned their careers and college
attendance. However, the support received from their parents to continue their education was
enough to motivate them to venture on an unknown path to education.
e “My parents never went to college, and I’m also the first generation born here.
They expected me to know how to do everything [apply to college], which at first
I was kind of like I don’t know what I’'m doing?”
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e “My parents were supportive but had no clue about college preparation, and it fell
on me to figure it out. They were supportive but didn’t know how to help me.”

e “My parents were supportive as [ went through the process. It would have made it
easier if they too understood the college process if they had gone through it.”

Older siblings pave the way

The interviewees that had older siblings (~30%) reported that relying on their older
siblings’ experiences helped them through the college application process and
preparation.

e “My mom was on top of me to do homework and make sure I applied to college
because they went through all that with my older brother. The knowledge they
had at the time was sufficient to get me through.”

e “Neither one of my parents had any experience; it was my sister that helped me.”

o “My sisters helped me with all the applications and essays; my parents helped
move everything to my dorm.”

Financial Stress

About (~97%) of the interviewees mentioned that their main concern before entering
college was the lack of financial support. The main concern was planning college expenses and
becoming self-sufficient. Interviewees reported to have a lack of knowledge in constructing a
financial plan, accessing, and applying for scholarships, and guidance through financial loans
before attending the program. Although interviewees mentioned that the summer program
covered tips for financial aid, figuring out how to pay for college was still a stressor.

e “Finances was a big stressor thinking about attending college. My family could
not contribute, which was my biggest concern because although I knew my
parents wanted me to attend college, they couldn’t pay. Going to [MSP] made me
feel a bit more comfortable when they introduced us to the process of applying for
scholarships and loans.”

e “The only barrier to attending college was how I would finance it; that was
always a concern. I had to fight the laziness to apply for scholarships in summer
until I heard about the gates millennium, and I got that scholarship.”

e “Ididn’t know any potential barriers to attending school until I got accepted. I
soon realized the financial aspect, which was a huge concern, so I applied for
scholarships and received some in July.”

Inter-Summer Program

Skills developed in the program
When asked about the takeaways from participating in the program, many interviewees

reported developing skills that rendered useful once in college. Skills and habits that helped
students navigate college more successfully.
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1. Time Management: Interviewees reported that they learned to develop better
time management skills while attending the summer program (~87%).
Interviewees expressed how they used these habits throughout their college
experience and aided their academic accomplishments.

e "We had a lot of homework and social events at the program. I learned I
needed to manage my time between homework, tutoring, and attending
social events. I followed this habit throughout college; it helped me with
my work-life balance."

e "The lesson I carried throughout college was time management, especially
my sleeping habits, like going to sleep early and waking up early. So
basically, it was an important habit to learn, and I had carried it through
college."

e "Something that I learned in the program was how to manage my time. In
the program, although we were monitored by staff, we had the
independence to decide whether we would do homework or attend social
events and when I became a freshman and had total autonomy, I was able
to manage my time well because I learned it in the program."

2. Study Habits: While attending the summer program, interviewees reported
(~63%) that while in the program, they developed study habits that they carried
throughout college. Interviewees detailed how these habits helped them with their
academic success in college.

o "Before attending the program, I didn't really study or know how to do it
because everything was so easy. When I got to the program, I had to learn
to study because the classes were fast-paced and intense, but it taught me to
practice with the homework and take good notes. I followed the same
structure in all my math classes and so far have succeeded."

e "During the program, I learned that it was okay to ask for help, go to the
TA sessions, take good notes, and try to do my assignments as soon as
possible. These study habits helped me when I started college."

e " Although my college courses were not as intense as the program, I signed
up for five classes my first semester, so it was a lot of coursework, but I
knew I could implement the same habits I learned in the program.”

3. Work Ethic : Interviewees reported (~73%) that while participating in the
summer program, they learned to develop a relentless work ethic that they
prolonged into their college endeavors. Further they reported that the strict rules
and habits that were developed in the program helped when they had full
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independence in college; they explained that being disciplined helped them stay
focused on their academic trajectory.

o "After the program, I gained confidence in accomplishing hard stuff. It was
a humbling experience, though; like we are smart kids, but we had to be
disciplined. I soon realized I had to ask questions and have the work ethic
to succeed."

e "I learned that to succeed you need to have the discipline to focus on your
classes regardless of the social events; something I learned in the program.
I just continued with that mentality in college."

e “In the program we had really strict curfew and lots of homework, although
it was hard I learned that being disciplined was going to help me. Like
when I started college, I had all this freedom (no parents to tell me to do
homework) I had to tell myself now and I thought about my time in the
program and how it prepared me for that moment.”

e "[In the program] there was a discipline to do work and strict homework
guidelines that I carry today. I look at some of the other people's work, and
I don't understand how they do it. Doing the work well like how they taught
is in the program helps out in the long run."

Teamwork: Interviewees report that the program helped develop teamwork skills
from working on problems together to conducting research and presenting to the
class (~30%)
e “Before the program I would always work alone and during the program |
had to learn to work in groups. It helped in the long-run because most of
my engineering courses require teamwork during labs.”

Building Relationships

When discussing the most rewarding part of the program, most interviewees (~97%) detailed

the valuable relationships built among their peers and staff. These relationships included the staff

and administration which students associated them as mentors. The interviewees claimed they

maintained these relationships well throughout their college experience.

"The most rewarding part [of the summer program] was the friendships that were
built; towards the end, I was able to talk to everyone in the program. I think we
created a camaraderie from the stressful time we experienced together. I know
these relationships will last a lifetime; these are folks I can always chat with.”
"What was rewarding were meeting the people from the program and the
connections with my classmates. I met my best friend there, and the relationships
built during the program shaped my career."
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"The best thing I walked away with was the networking; the people I met there
became great friends, and although most chose a different major like engineering,
I still stayed in contact."

"I say the best thing about the program was introducing me to new resources and
people who looked like me and were also interested in math. I was lucky to meet
mentors who pushed me through the program."

"Most rewarding part of the program was the connection with the people I met. I
got to know the campus and the [program] coordinator that helped me a lot
throughout college and great friends that I wouldn't have met otherwise."

Empowerment to face challenges
Interviewees reported their most significant challenges throughout the program. However,

interviewees understood why it was a challenge and reported how they eventually overcame it.

Many interviewees even detailed how looking back they can see these challenges as fulfilling

because it created a sense of accomplishment.
1. Workload: About (~73%) of the interviewees reported that the large amount of
homework a day was the most challenging aspect of the program. For reference, during

the years the student attended the program, the homework assignment was about ~80

problems a day.

"The amount of workload was challenging. I was not used to that, but I
understood why they [the staff] did it."

"The homework was the most challenging part of the program. I struggled to
finish it every day. I had to go to mandatory tutoring in the evening because I
didn't finish my homework; that was the hardest part."

"The amount of homework was the most challenging; having homework every
night."

"The challenging part was managing your time and workload. We had a lot of
social events, but you have to reel yourself back to try to do your work."

However, some students did prefer to get rid of the research project requirement (~47%)

while (~20%) stated they loved the process of creating the research poster and allowed

them to travel to STEM conferences as early as freshman year.

2. Competition: Other interviewees (~33%) reported feeling pressure to outperform their

classmates at the beginning of the program. These students were used to performing at

the top in their respective high schools. However, the program admits high-performing

students at the same academic level which for some students created the need to

outperform.

"The first week in class, [ was like - " wow, these people are so smart" - and I felt
like I had to work hard to be the number one student. Later, I realized that it was
not a competition but a learning experience."
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e "I was so used to being the number one at my high school. I always finished my
homework and got perfect scores, but I felt like I was among super smart people
in the program. At first, it was intimidating, and I felt embarrassed asking for
help, but the workload with time forced me to ask for help, and I understood it
was okay to do so."

3. Home sickness: The interviewees also reported challenges with being away from home
for the first time and getting used to the independence (~23%).
e "The most challenging part of the program was that [ was away from home. I was
used to being around my family, and not being there with me was hard, but that
experience helped me get used to living on campus as a freshman."

4. Intensity: About (~27%) of the interviewees reported that the program was intense- both
in the academic rigor and the program requirements!>. The challenge was feeling
unprepared for a college-level course but a great sense of accomplishment after
completing the program.

e "The intensity of the program was challenging though I enjoyed it because I knew
I was learning and getting better prepared for college. At the start of the program,
I was not prepared for the intensity of the class; I felt like my high school didn't
prepare me for this program, but this program prepared me for college."

e “The program was intense, between the class and projects it was a lot of work
right away, but I appreciate the experience because it taught me that with hard
work, I can accomplish anything, even a college-level course”

e " [The program] instills in you to push yourself. I feel like it was done sometimes
on purpose; [the program] challenged us, it was intense, so we learned how to
manage things. Realizing that you can take anything that was thrown at you
empowered me. It was hard sometimes but overcoming that empowers you. I have
so much respect for the program.”

The college experiences
Interviewees relate how their “college experiences” while in the program shaped their

decisions in college. The following unique experiences exposed students to college life albeit a
controlled version given the strict schedules and supervision of the staff.
1. Living in the dorms: Interviewees (~43%) reported that they enjoyed the
experience of living in the dorms and learned about independence.

15 Students that attended the program during 2013-2019 had to complete the following requirements: a group
research project, weekly conceptual problems and present them to the class, coding and statistics course, and weekly
test and quizzes.
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e “Ireally had a hard time living in the dorms while in the program, but I
soon enjoyed the independence and it prepared me for my freshman year.”
e “Living in the dorms was a great experience it helped me get closer to my
roommates and it was a great support, it was one of the reasons I decided to
live on campus my first year.”
However, many of the interviewees also reported that this experience contributed
to their decision to attend the host university since they had already become
familiar with the campus from living there during the summer program (~43%).

e “Idecided to attend [ host university] because they gave me a good
financial aid package and I was already familiar with the campus from my
time in the program”

e “I had to decide which university to attend, and I ended up choosing [host
university ] because it was familiar to me, I already knew some people who
were also going there, and I thought it would be an easier transition.”

2. Independence: For many of the interviewees, participating in the program was
their first time away from home. They reported (~33%) conflicting feelings from
missing their parents to gaining independence. They also commented that the
program helped manage the independence by developing time management skills.

e “It was weird at first because I didn’t have my parents over me telling me
to do my homework, I had to do it myself. I think learning that in the
program helped me though college”

e “Although the program had strict schedule, we still had independence to
do social activities and after hours. At first it was weird but now I
understand why the program was strict with time and how I have to handle
being independent.”

3. College Credit Course: One of the main attractions of the summer program is
receiving college-credit for free. Interviewees reported (~73%) that receiving
college credit was the best motivator for participating in the program and doing
well. Additionally, interviewees also mention (~53%) that the college course
exposed many mathematics applications that sparked interest and motivation to
continue to pursue such courses.

e “I wanted to attend the program because [ wanted to get college-credit. |
enjoyed the college experience being taught by college professors, they
were so nice and fun. They made math really fun.”

e My expectations were to just complete a college course but taking this
class opened my eyes to all the applications in math. I took an applied
math course, and [ was so interested in my research project that made me
interested in continuing to take more courses once in college.”
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“Sitting in a college course was an amazing experience because I still say
hi to my old professor. He really made the class fun; it was still hard, but
the class was fun to attend.”

“The professor in the program was so approachable and the program staff
would encourage us to ask questions and that is something I also did once
I started college, I wasn’t scared to ask questions in class.”

Exposure to Resources

Interviewees reported learning about the following resources during the program that were useful

for their transition to higher education. For many interviewees the program not only introduced

these resources but also helped navigating these resources and at times provided mentors who

could further answer any questions.

1. Mentoring for STEM careers: Interviewees reported that one of the resources

that was useful to decide on an academic trajectory was exposure to an array of

STEM careers paths that was presented to the students via a career panel and via

mentors. The program gathered past alumni who were professionals in various

STEM careers and allowed students to ask questions and provide their contact

information. About (~40%) of the interviewees mentioned how the career panel

helped them decide on an academic path prior to enrolling in college and (~60%)

of interviewees reported connection with their mentor answered many questions.

“In the career panel I learned about many different applications of math
and I actually changed my major after getting more information of the
career path from a panelist.”

“The program had this career panel, it was inspiring to see old program
participants because it gave me a sense of where I can go, what I can
become in the future.”

“My mentors would answer a lot of questions about their major and they
also showed me were all the engineering tutoring centers were.”

“Apart from the career panel, my mentor was a current engineering
student, I felt like I can always talk to him, and he would give good advice
and he would explain his opinion which helped when I had to make
decisions on my major”

“If you were in the program as also an incoming freshman, [the
coordinators] would pair you up with a tutor or mentor that had similar
interest or at least in the same major, they were able to help me navigate
classes and recommend professors.”

However, (~30%) of the interviewees reported that something they would like to
add to the summer program is more depth and focus on more branches of careers
in STEM.
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“I would’ve like to see the program sending us to more career fairs and
maybe more field trips to companies, I think I would’ve like that more.”
“When I was in the program, [ knew I liked math but I didn’t really know
what to major in other than engineering, I think that now that there are so
many jobs coming out of tech, maybe the program can expose like a
diagram of all the possible careers that one can take in STEM.”

2. Housing: About (~23%) of interviewees reported that the program helped them

navigate the institutional system when it came to on campus housing.

“As an incoming freshman every week we would meet with our mentor to
make sure everything was set up before I started. Like something they
really helped with was my housing and meal plan which was great
because [ know I would’ve been lost. “

“ Living in the dorms and getting familiar with the campus really helped
me decide the dorms that I wanted to live in my freshman year. My
mentor helped me and my friend apply to be roommates and get the dorm
I wanted.”

3. Financial aid: Interviewees also reported (~57%) that the program combated

financial stress by walking them through the institutions financial aid process.

“In one of the seminars they had this person that worked for the financial
aid office, and she explained to us step by step how to do it. [ know for the
incoming freshman she also did individual sessions and helped them with
their individual situation.”

“There was a seminar where they talked about applying for scholarships
and that really helped me because I applied to a couple, and I was able to
get some.”

“The program helped me figure out housing and navigate freshman
orientation, it was also helpful finding out who my academic advisor was

that was something my program mentor would advise me to know.”

“I would say the most useful thing about the program was probably some
of those seminars, there was one that helped us apply for [honors college]
which was very applicable to me because I wanted to be in honors. They

showed the websites and step by step process how to apply to [the honors
college] and how to apply to the universities’ scholarships.”

4. Mental health resources: About (~13%) interviewees reported that a resource

that they remember learning in the summer program was the mental health

resources on campus and how to access it.
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e “In the program I learned about health services and counseling services, it
was new to me. We learned about counselors, but I never had to seek
them.”

e “Yes, we learned about a lot of the stuff like mental health resources
which was great.”

Post-Summer Program

Exceeded Expectations

Most interviewees (~97%) reported that the summer program exceeded their expectations.

They prepared for a rigorous mathematics course before the start of the program but finished

with much more. All the interviewees also stated they would recommend this program to others.

“I knew it was a rigorous summer class but did not expect the social aspect of it.
This experience was the best, I always tell people about it.”

“It exceeded my expectations; I was surprised at how much I could connect with
the material and my peers.”

“I expected it to be somewhat easy because [ have taken many AP classes, but it
was a lot harder. The program was intense, but [ would do it again.”

“When I took the placement test, [the staff] mentioned [the summer program] was
not going be easy, and my expectations were met, it was tough, but I didn’t expect
to have such a good experience and meeting great people.”

“I would definitely recommend this program to every first-generation student
interested in STEM”

“I felt a lot more prepared to start college after participating in this program, I
would definitely recommend this program to others, I actually have every time I

2

can.

Resiliency in STEM career
After the program and throughout their college academic path, students reported

motivators derived from the summer program that helped them persist in a STEM major. Two of

the most mentioned are confidence in the skills developed and relationships formed during the

program.

Confidence in skills: Interviewees reported (~ 43%) that confidence in their
abilities combined with the skills developed and empowerment after completing
the summer program contributed to the will to persevere in a STEM major.
e "[The program] helped to kick off my college career. I still utilize what I
learned from the program; it helped me start and stay in college."
e "The program did help me through college by teaching me time
management which was useful, and it helped me graduate on time."
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"The program taught me not to be afraid of hard work; I think that the
work ethic instilled in me from the program helped me throughout
college."

"The [program] did help with my grades once in college because it gave
me a better expectation about college; I was prepared for anything they
can throw at me."

"The program helped me in college because I learned to ask questions, talk
to professors or reach out for help."

2. Maintained Relationships: About (~73%) of interviewees reported that the
relationships they fostered from the summer program helped them overcome

hurdles in their academic path.

"I think what helped me throughout college was the network I created
during the summer program because walking through campus, I always
would see someone I knew from the program."

"One example that connections matter is when I took this chemistry
course. [ knew this tutor from the program that was also in the class, and
he introduced my friends to another group of people, and we all became
friends, studied together, and were able to pass the course."”

"Yes, [the program] supported me throughout college with their support
system. I felt like I could always talk to [the programs' coordinator], and
there were always people I knew and could talk to in the resource room.
There was free printing and, at times, free food!"

"I would say that [the program] helped me because there were some
classes I shared with other old [program] alumni, and it did help because
they would ask for help, and we would study together."

Barriers to continue in STEM
Interviewees reported that managing stress about their grades, help with higher level courses,

and instances of discrimination were barriers that made it difficult to continue in college.

However, only (~13%) of students reported any hindrance to their continuation in a STEM

major.

"Once you are in the junior level courses, it's harder to get help; there are a lot of

tutors for the freshman and sophomore classes but not as many for junior and senior

math and engineering courses."

"Stress and anxiety are the main barriers. I always stress about my grades, am I doing

enough? My second semester it was my first time in my life getting a C. Maybe I took

too many courses at once."

"I experienced [gender] discrimination in my labs. Every time I would have to do

group work, usually with a bunch of guys, they would tell the TA to switch me out of
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the group. Sometimes they don't make me leave the group, but there was a time when
it did happen, and I had to do all the work on my own. I try not to think about it so
much; I just want to focus on my work and move on."

e "I have never been discriminated by faculty or staff, but when I got to college, it felt
weird being the only Hispanic in the class. Most of the remarks come from
classmates, it's like they don't even want to study with you because they think you
will only copy their work. I was happy I knew other people in the program who
understood, so I started taking classes with people I knew."

Chapter Conclusion

The interviews with 30 alums of the summer program resulted in definitive findings centered

around 12 core themes, some of which align with theories of persistence for underrepresented

minorities in STEM discussed in Chapter 2. Similarly, the first four themes are common for

historically underrepresented minority students pursuing STEM majors:

1)

2)

3)

4)

Most first-generation students attend high schools that may be under resourced and not
have the capabilities to provide high-level math courses or any additional guidance for
students. Similarly, the interviewees noted that they felt unprepared to start the summer
program, let alone college.

Following the literature, most students learn about STEM and get interested in pursuing
mathematics and science subjects as early as middle school. Conversely, this is also
around the time when many female students' interest in mathematics declines. For most
interviewees, middle school was where they gained interest in math and science and
when they first learned about pathways to STEM careers.

Most URM students are first-generation college students, meaning that many have to
learn and complete the college application process without help from their parents, which
can be taxing and intimidating. However, most interviewees found help from older
siblings that had been through the process before or parents who advocated for support
from school staff.

In agreement with literature, for many students, financial planning is a stressor and, at
times, a hindrance to their continuation into higher education. Many interviewees
reported that financing their education was stressful until they learned about financial aid
and how to apply for scholarships.

However, the main difference in question is the exposure of historically underrepresented

minorities to a summer program. In comparison, alums of the summer program go through

rigorous academic preparation, experience a glimpse of college life, and learn about resources

valuable throughout their educational trajectory. Interviewees reported that the program helped

them prepare for college by developing skills that were useful once in college. The most
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common were time management and creating a work ethic, which helped interviewees focus on
their courses and balance school and social activities. Aside from the academic preparation, this
summer program is good at building lasting relationships among students and staff. As seen in
the literature, social integration is a component that can affect students' persistence in STEM;
thus, establishing a network of peers and mentors can significantly affect students. Most
importantly, maintaining these relationships throughout their college experience exposes how
well the program builds relationships and encourages camaraderie.

The consensus of the interviewees is that they highly recommend the summer program,
which exceeded their initial expectations. Even though they describe the intensity of the work
and multiple assignments, they recognize accomplishing all these challenges created
empowerment to pursue a STEM degree. Indicative to constructing confidence in the students'
skills, a necessary attribute for academic integration. The program also integrates its students
into the host institution by providing the experience of living on campus and learning about
institutional resources. Further, some interviewees stated that becoming familiar with the campus
and meeting current students contributed to enrolling in the host institution.

Even though these students felt prepared to start college by participating in this program, it
did not make them any less susceptible to barriers in their academic path through a STEM major.
Though these students faced stressful situations and discrimination, they claimed that the habits
developed, and the relationships built during the program helped them overcome challenges.
Additionally, it coincides with the results in chapter 3; that is, participating in the summer
program did not significantly impact STEM grades but participating in the summer program
significantly increased the probability of persisting in STEM after the first year.

The findings in this analysis coincide with the conceptual framework in chapter 2 (in
particular, the attributes before entering a port-secondary institution), and complements the
findings in the quantitative analysis in chapter 3. The results provide insights on contributions to
the students’ persistence in STEM despite earning similar grades than students that did not
participate in the program. In the following chapter I will outline recommendations for
institutions that want to recruit and graduate historically underrepresented students in STEM and
the coordinators perspective on implementations and changes to the program.
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Chapter 6: Conclusion

Review of Findings

This research was initiated by focusing on ways institutions can increase the number of
historically underrepresented students completing STEM degrees. To do so, I first needed to
understand the status quo of the STEM pipeline for URM. In this analysis, Hispanic students
were an ethnic group chosen for its rapidly growing population and increased interest in STEM
in the past few years. The investigation found that many Hispanic students drop out at the start of
a four-year degree and drastically before completing a STEM degree indicating a lack of
persistence to continue a STEM degree. To understand this phenomenon, a review of the
literature proposed four main components that may contribute to the attrition of URM students in
the STEM fields: (1) pre-entry attributes, (2) proficiency and interest, (3) institutional
experience, and (4) integration. From an institutional standpoint, understanding what contributes
to attrition leads to access points where academic institutions can introduce interventions. An
additional literature review scanned interventions implemented at different points of the STEM
pipeline.

Oneintervention method stood out as it can encompass multiple interventions in one: summer
bridge programs. Summer programs can expose high school students to college resources and
STEM careers and provide mentorship, financial aid support, and academic preparation.

I reviewed institutions with the highest graduating Hispanic students in STEM to further
understand the impact of summer programs on STEM graduation rates. The results showed that
all the institutions hosted a version of a summer program focused on STEM fields. Some
institutions had average Hispanic enrollment rates, yet a high percentage of Hispanic graduates
with a STEM degree. Learning more about how summer programs impact STEM graduation
rates among URM students is vital for institutions that want to increase retention and recruit a
diverse student population in STEM fields.

To better grasp the impact of a summer program on developing URM students in STEM
fields, an evaluation of a specific summer bridge program was conducted. Institutional data of all
students in the university—including those who had participated in the summer bridge
program—was evaluated to estimate the differences in the academic outcomes of students who
participated in the program with those who did not. I found that participants of the program were
more likely to take more math courses in their first year, more likely to enroll in a STEM major,
more likely to persist in a STEM major, take less time to graduate, and more likely to graduate
with a STEM degree, compared to observationally similar undergraduate students who had not
participated in the program. These results were consistent even after controlling for
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demographics. The data analysis provided promising evidence that this summer program is
impacting academic outcomes.

To further understand the program's success, I conducted 30 interviews with past participants
in the summer program and analyzed the responses for common themes. The students recalled
developing valuable skills that they later used once in college, like time management, study
habits, and work ethic. For most participants, the program experience exceeded their
expectations and provided more than a college credit course. The students recalled that the
relationships with peers and staff were the most significant takeaway from the program, which
helped them throughout college. After participating in the summer program, they recalled feeling
empowered to undertake any challenges that may come their way. These findings provide
insights not only for optimizing the summer program itself but also provide an example for other
institutions that want to implement an intervention to reduce STEM attrition among URMs.

Implementation Challenges Post-Covid

I interviewed the program coordinators (N=2) to understand how the program functions at an
administrative level. I asked their perspectives on the program's mission, challenges faced during
the pandemic, and suggestions for institutions that wish to implement similar summer programs.
The interviews with the program coordinators were approved by the RAND's Human Subjects
Protection Committee; appendix B exhibits the interview protocol used. The interviews were
done via telephone and lasted about 45 minutes. The summer program coordinators expressed
various challenges after the pandemic and what they learned after implementing changes to adapt
to them. The most significant challenge during the pandemic was shifting the summer program
to a virtual setting. The coordinators recalled the difficulty of encouraging the students to turn
their cameras on during lectures, attend seminars other than class and enforce mandatory
tutoring.

e "The program was not the same; it was hard to build relationships with [the students]. I
didn't even know their face until the end of the program.”

Coordinators acknowledge the importance of the students attending the program in person
and living in the campus dorms. They believe that residential living is a significant component of
building relationships during the program. This program component one of the most critical
takeaway from participants and contributor to students' persistence in college, as seen in chapter
five. Since the pandemic happened, the coordinators state that many students have been suffering
from poorer mental health, from being unable to be with friends and canceled events. They feel it
is important to incorporate mental health coping skills into the summer program by training staff
to identify students in crisis and teach students exercises to manage stress and anxiety. The
coordinators decided to incorporate 'weekly chat sessions,' where students gather in small groups
during lunch and talk or practice coping exercises with their peers. Additionally, they decided to
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reduce the homework load and eliminate research projects. They chose to stop research projects
because they noticed students were not prioritizing them over homework, quizzes, and weekly
presentations. Also, given that the research project was not a high percentage of their overall
grade, they did not see having an additional assignment as beneficial to the participants. They
stated that if the program were centered around exposure to research, they would have to
restructure the program to provide the appropriate time for students to focus more on projects
than a mathematics course. With more time for the students in the afternoon, the program wants
to focus on exposing the students to activities around campus and incorporating more social
activities.

From the coordinator's perspective, the program's goal is 'to provide a seamless transition to
college.' With this mission in mind, the coordinators want to expose the participants to as many
resources as possible and allow the students to voice what information they would like to
receive. In past alumni seminars, the coordinators noticed that participants connected with past
alumni when they talked about their struggles with discrimination, women in STEM, masculinity
in the community, and receiving counseling.

e "These topics really connected with the participants. We want to incorporate more of
what the students want to the program."

The coordinators understand that students will face multiple challenges as they embark on
post-secondary education and providing as much information as possible in 6-weeks is essential
for the student's development.

o "We want our students to feel as comfortable as possible as they take the next step in
their education."

o "If[a student] is bettering their financial, personal, and family situation by being a
graduate even if it's not in math, that's a success for us."

The coordinators hope to guide the students by continuing to hire staff of diverse
backgrounds in various majors. They understand that having a mentor of the same background is
vital for the students to see and build a connection. These mentoring connections can prepare
students to overcome barriers they might encounter in the future. Another challenge the program
coordinators recalled was the recruitment of participants and staff. They noticed that in recent
years there had been a slow decline in students applying for the program. The first decline was
when they transitioned to online applications. They noticed that the program's length was an
issue because many students wanted to participate in other summer programs offered
simultaneously. They admit that their recruiting efforts have dwindled since Covid-19 and they
hope to reach out to more rural communities. However, they notice that visiting the schools has a
more significant impact than virtually, though it's hard to travel to communities far from the
university.
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Their program-specific challenge is the evaluation of the program. The coordinators want to

understand the program's effectiveness and the changes they should implement each summer.

Having an additional staff member to focus on the evaluation can provide help to tailor the

program to students' needs in hopes of improving the program each summer.

Policy Implications and Recommendations

Given the implementation challenges described by the program coordinators and the research

results, the following policy implications can guide institutions that might want to implement a

summer program as an intervention.

Summer programs can have an impact to on:

1.

Persistence in STEM even controlling for pre-college predictors. As stated in
Chapter 4, students that participated in the MSP program were more likely to persist in
STEM even when we controlled for similar characteristics and pre-college predictors.
Recruitment in STEM. The MSP program can be used to recruit URM students into
STEM by providing them academic preparation, resources and introducing them to a
network of other STEM interested students and staff.

Graduation in STEM. As seen in the analysis in Chapter 4, students that participated in
the MSP were more likely to graduate in STEM. This is a great indication to further
study summer programs and their lasting effects on persistence and resilience in the
STEM fields.

MSP program has similar impact on males and females. There were no significant
differences in treatment effects among female and male students. In the MSP program
the gender differences were about 50% every summer thus having as many female
students as males. The program deliberately accepts students so that the distribution of
genders remains fairly the same. This can imply that co-ed programs can still be
effective for females in STEM and further research needs to be to understand under what
circumstances the treatment effects remain the same.

Strong networks can motivate persistence in STEM both peer and mentorship. As
seen in the analysis of Chapter 5, building strong relationships can help students feel
seen in other peers and staff that share the same background and experiences and further
support each other through the academic pipeline. These relationships can guide and
support students to persist in STEM by simply building a community and sharing ways
to navigate barriers in STEM. Developing a strong community in MSP is key not only to
be able to complete the program successfully but also to continue to support the students
once they are in college.

Developing skills before entering college can contribute to academic integration. As
seen in Chapter 5 the program helps the students develop skills like time management,
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study habits, networking, and work-life balance. Receiving exposure to a college-level
math course and understanding skills that can help to successfully complete the course,
can set up the students to be successful once in college.

Learning to overcome challenges builds empowerment and confidence in skills. The
MSP program is meant to be challenging to students and it’s meant to create a snapshot
of what college will be like for students. As seen in chapter 5, students learn to lean onto
their peers and tutors to overcome the challenges of the MSP program and in turn they
also receive a sense of empowerment that leads them to feel more confident in starting a
STEM major.

Building relationships is essential to URM students

1.

The summer program is most effective when it is in-person, with students living in
the residential dorms. It is important for the students to build relationships as told by the
participants itself, building a network was the greatest takeaway from the program that
last even into their undergraduate programs. Program coordinators attribute the ability to
create strong connections with living in the dorms for 6-weeks. Compared to the students
that participated virtually, the coordinators saw a strong contrast in connection between
the participants and their peers.

Staff should be of diverse background and trained to be mentors to the
participants. The program coordinators acknowledge that students are capable of
building connections with the staff because they see a reflection of themselves. As told
by the participants they were able to receive important information from their mentors
and even took classes with them once in college.

Focus on the transition to college

1.

Building habits and empowerment. Habit building during the program was a vital
component the participants stated for their success in college. Time management,
developing a work ethic and overcoming challenges were recognized by the participants
as being useful skills they incorporated throughout their post-secondary experience.

Exposure to resources. Students benefit from being exposed to resources around campus
and online. Financial aid, housing and mental health resources were some resources the
students stated that were presented in the program. Getting to know about these resources
can ease the transition to college.

Provide insight on STEM careers and academic pathways. From the interviews,

participants stated that more information about all the different type of careers in STEM
would be beneficial when deciding what to major. Although they recall the program
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having a career panel, they would like more information about the possibilities for careers
in STEM.

Awareness of students’ financial status
4. The program must be accessible for students. The main attraction for students to apply
to the program was that it is a free college credit course. Students are not aware of what
they will learn or gain from the program beforehand and many first-generation students,
from low-income families don’t have the ability to invest money early in their pursuit for
higher education.

5. Teach students about ways to finance their education. It is important for the students
to understand and create a financial plan. For most students in the program, they had to
apply for college on their own and having an expert guide them through the FAFSA and
scholarship applications can alleviate some financial stress.

Awareness of the students’ mental health
6. Train staff to recognize students in need and how to provide support. It’s important

for the staff to be able to identify and provide support to students during the program. As
the program coordinators described, post-pandemic times take a toll on students’ mental
health and although they want to provide a rigorous academic experience, they also want
to make sure the students are not having a stressful time. Also, it’s important to talk about
the barriers students might face like discrimination, how to get help and overcome those
barriers.

7. Ask for students' feedback. Whether via an anonymous survey or a focus group, asking
students what type of information they would like to hear more of benefits the students
and the program as the students will be more engaged and likely remember the
information. The program coordinators recalled that when staff would have seminars on
mental health and stories of staff members overcoming challenges resonated with the
students.

Recruitment efforts
8. Summer programs might compete with other programs offered. The program
coordinators noticed that applications for the program has gone down in the recent years.
It has become hard for students to commit to a 6-week course without being able to be
absent for more than a day. It is important to increase the recruitment efforts by focusing
recruitment in harder to reach areas like rural towns that may not have the resources
to go to out of state programs. However, as the program coordinators express, they are
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more successful when they go in person to the school and reach out to math teachers in
the school than just sending recruitment flyers and virtual presentations.

Future Research and Limitations

This research centers around this specific summer program in their host institution. Thus, a
more robust generalization of the results will require a thorough evaluation in other settings,
including institutions and staff. Ideally, a randomized control trial can provide generalized
results. This research was limited in the ability to randomize students in the program; given the
structure of how the program chooses students, it would have been hard to randomize them.
Further, the initial research plan was to follow students who applied to the program and got
accepted and those who did not get accepted. The pandemic did not allow me to continue that
research plan as it would not be a comparative analysis of the program because that summer, the
program did not offer a mathematics course or was in person. In the future, I plan to research
whether assisting the program virtually impacts academic outcomes and how can a summer
program reach more students while still being impactful. The results of this research can widen
the number of participants in the summer programs and open opportunities for students around
the country.

Final Remarks

Given the results of this research, I highly encourage post-secondary institutions to consider
summer programs as a viable intervention to increase the retention of URM students in STEM.
Students of this target group require resources, guidance, and an opportunity to gather the
knowledge they need to be successful. Just like this case study, a summer program can
incorporate many interventions into one. It will prepare students academically and empower
them to face challenges in college while building a lasting network of peers and mentors. As told
by the students, participating in the program made them feel more prepared for college and
helped them build habits that increased their confidence in their skills. The analysis of the
institutional data showed that participants are more likely to persist in STEM, even controlling
for pre-college and first-year success. Summer programs help close the gap between high school
and post-secondary education by providing URM students with the opportunity to receive
appropriate guidance, a supportive network, and empowerment, and a fighting chance to beat the
odds and persist in STEM.
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Appendix A: MSP Structure

The following is a typical schedule for the participant in this program:
LOCATION TASK
8:00AM -9:30AM | Classroom Problem session: Students can receive tutoring help from

tutors usually before the homework is due at 9:30pm
9:30AM-11AM Classroom Lecture: Taught by an institutions’ professor, one tutor
stays behind to take notes and later briefs the rest of the
tutoring staff

11:15AM - Dining Lunch: Students receive a meal card that allows one
1:30PM lunch allowance a day for the length of the program. The
students can use this money in the student union.
1:30PM-3PM Classroom Problem Session: Students have their second problem
session, the homework for the day is assigned (typically
around 60-80 problems)

3PM- 5PM Classroom Individuals: During this time student can request a one-
on-one individual session with a tutor of their choice or if
their grades are low on a test, they must do a one-on-one
session. Students can also decide to work on their
homework/research projects in the classroom or head
back to the dorms.

5PM-6:15PM Residential Students have free dinner at the dorms
Dorms
6:45PM-9PM Classroom Night Tutoring Session: The night tutoring staff helps

students with homework. This session is mandatory for
students that got less than 90% on the previous
homework. Students that decide not to attend usually
have activities set up at the dorms and or work on their
homework and research projects at the dorms.

11PM Residential Dorm Check in: Mentors check in with students and
Dorms make sure everyone in in their dorms.

Every Monday the program coordinators organize a one-hour seminar during the morning
session that cover a variety of topics aimed at educating the students about how to apply for
college, how to fund their tuition, career panels and other helpful institutional and online
resources. One of the skills that students learn in the summer program is how to place priorities
and importance in their academics alongside time management when it comes to their homework
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and research projects. Students also become exposed to the class culture of college lectures and
different level or performance expectations. Additionally, participants of this program
familiarize themselves with the campus and institutional resources like the computer facilities
and libraries, student services and fitness centers.
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Appendix B: Interview Protocols and IRB approval

The following protocols were used to interview past summer program participants and
program coordinators. It was submitted along with interview outreach, material safeguarding for
review and approved by RAND's Human Subjects Protection Committee and determined as a
Category 7 - Individual or group characteristics or behavior (Minimal risk surveys, interviews,
focus groups, etc.) and therefore exempt from further review (reference study number 2019-
N0166).

Before the start of every interview there was an overview of the consent form explaining to
the participant that the responses would be reported in the aggregate and that their identity would
always be secured. Additionally, any quotes reported will not be attributed my name. The
following questions were used in the interviews.

Students Interview Protocol

High School Experience Decision Making
1. Tell me about your high school preparation. Did you feel that your high school prepared
you for college?

Probing questions:
a. Did your school offer high level math and/or science classes?
b. What resources did your high school offer to prepare you for college or a major
in STEM?
2. Ifyou can change anything about how your high school prepared you for college, what
would you change?

Probing questions:
a. What would you have liked to know at that point in time to help you be more
successful?
3. How did you learn about STEM?

Probing questions:
a. Did your high school introduce STEM to you?
b. Was STEM a field you were initially interested?
4. When did you know, you were going to go to college?
Where there any barriers or concerns that would have made it hard to attend college?
6. Did your parents assist with your college preparation?
Probing questions:
a. Ifso, how?
b. If not, what would you have wished they knew to better prepare you for college?

e

MSP Program Experience
7. When and how did you first learn about the MSP program?

78



Probing questions:

Probing questions:

a. Would you change the recruitment process of the program?

b. Did you participate in any other STEM related summer programs?

8. Why did you decide to attend the MSP Program?

9. What were your initial expectations of the MSP program?

10. If you were asked about this program from a current high school student, how would you
explain the purpose of the program?

Probing questions:

a. What will they experience as a participant of the program?

11. When you first arrived at MSP what did you think about the program?

Probing questions:

a. What was most challenging part of the program?

b. What was most rewarding part of the program?

12. What component of the program did you find most useful to prepare you college?

Probing questions:

a. By component I am referring to: access to tutoring, research experience,
mentorship, social activities, college class, informational seminars, or others [
have not mentioned.

13. What is something the MSP program should add or take away?
14. Would you recommend this program to other high school students?
Undergrad Experience
15. Why did you decide to attend this institution?
Probing questions:

a. Did participating in the MSP program influence the decision?

16. Were there any lessons that you learned in the MSP program that you took with you to
college?
17. After participating in the program did you feel prepared to start college?

Probing questions:

a. Prepared to start a STEM major?

b. Were there any differences in what you expected college to be?

18. Did you learn about any resources at this institution via the program?

Probing questions:

a. Were you made aware of any resources that you learned in or during the
program?

19. Did MSP foster your interest in STEM?
20. Were there any barriers that existed that made it difficult to stay in a STEM field?
21. Did you ever switch or considered switching majors?

22.
23.
24.

Probing questions:

a. What was the determinant factor for switching out of STEM?

b. Did your interest in STEM ever changed during your trajectory at this institution?
Have you experienced any racial or gender-based discrimination?
Did the MSP program help you throughout your college experience?
Do you feel being a participant of MSP helped with your grades in STEM courses?
Probing questions:
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a. Ifnot, what would have helped you to receive better grades in your STEM
courses?

b. Where there any barriers to you receiving better grades in your STEM courses?

25. Did you participate in any research projects during undergraduate experience?
Probing questions:

a. Do you feel that getting the experience in MSP helped you better understand what
research entails?

Workforce

26. Tell me about your first job/ internship of first experience in the workforce.
Probing questions:

a. Do you feel that the skills learned in college were translated into your
internship/job?

b. What support would you like to receive to better prepare you for the workforce?
c. Will you be getting a job in the STEM workforce?
d. Are you considering graduate school? In STEM?
Only if they worked for the program:
27. How did you learn about the job opportunities in MSP?
28. Why did you want to work for the program?
29. Did you feel that you got the accurate training for your current position?

a. What is the most challenging part of your position?
30. Is there anything you would change about the program?
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Staff Interview Protocol

Program Purpose

1.

A

How would you describe the purpose of MSP?

What aspects of the programs do you think contribute to its purpose?

Would you say this program is successful? How do you determine that?

Why do you think MSP has been sustainable for so many years?

What makes MSP different from other programs at this institution? Other programs in the
uUS?

Program Structure

6.

7.

8.

What are the different components of the program?
a. How would you prioritize these components?
If another university would want to implement MSP in their campus what are the
challenges that are expected?
a. What is your advice to mitigate these challenges?
b. What should be prioritized in the structure of the program?
Based on your experience, how do you go about implementing changes in the program?

Post-Pandemic Differences

9.

10.

11.

12.
13.

14.

Where there any changes in the program due to COVID-19?
a. What were the major challenges that you encountered during the covid-19
pandemic?
b. Did you have to adjust to the students’ needs during the covid-19 pandemic? How
did the program change to adjust?
Do you think the program will ever go remote or assists students remotely? Why or why
not?
Are there any changes in the program during the covid-19 pandemic that will remain in
the program moving forward?
Was there any difference in the students’ performance during the covid-19 pandemic?
What advice would you give other summer programs when dealing with assisting
students remotely?
Based on your experience is there anything you would’ve done differently during the
covid-19 pandemic?
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