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ABSTRACT 

UNDERSTANDING THE IMPACT OF A STEM SUMMER BRIDGE PROGRAM ON 

FIRST-SEMESTER STUDENTS FROM UNDERREPRESENTED GROUPS 

Leticia A. Guzman, Ph.D. 

George Mason University, 2021 

Dissertation Director: Dr. Kelly Schrum 

 

Although students from underrepresented groups (URGs) matriculate into higher 

education at continually increasing numbers, the undergraduate science, technology, 

engineering, and mathematics (STEM) degree completion rates for students from URGs 

remain low. In the United States, institutions of higher education (IHEs) continue to face the 

challenge of retaining and graduating students from URGs enrolled in STEM programs. 

Some have offered summer bridge programs (SBPs) to improve retention.  

This dissertation study addressed one main research question— How does a STEM 

SBP impact students from URGs during their transition into the first semester of college?—

with four subquestions. The setting was a large public research institution in the mid-Atlantic 

region of the United States. A mixed-methods approach was used. Although 31 students 

were recruited, complete qualitative data were available only for 11 students, who comprised 

the final participant group. Qualitative data were collected through interviews, focus groups, 

observations, participant texts, and field notes. Quantitative data were collected using pre- 
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and post-tests for an SBP survey, General Self-Efficacy Survey, and STEM Semantics 

Survey.  

Quantitative data results revealed a statistically significant increase after the SBP in 

math and engineering interest from the STEM Semantics Survey. The qualitative data 

demonstrated that most study participants noted an increase in self-efficacy and confidence 

after attending the STEM SBP. In addition, study participants found that the social 

connections, academic preparation, and mentorships with faculty and staff at the STEM SBP 

further increased their self-efficacy and prepared them for their first semester. The STEM 

SBP improved the students’ sense of belonging by introducing them to STEM content and 

real-world activities as well as to classmates and mentors. Finally, study participants had 

other experiences to contend with that impacted their first semester, such as family pressures, 

the lack of diverse STEM role models, and discrimination based on gender, race, and sexual 

orientation.  

Based on the findings, a checklist is offered for IHEs seeking to implement SBPs 

based on key findings identified in this study. This study adds to the current academic 

discussion on STEM retention and raises awareness on how IHEs can assist in feeding the 

STEM pipeline with a heterogeneous workforce.  

 

Keywords: Students from underrepresented groups (URGs) in STEM, STEM 

retention, summer bridge programs, sense of belonging, self-efficacy, texting, diversity of 

STEM faculty, federal STEM pipeline 
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CHAPTER 1 

This dissertation explored the impact of a science, technology, engineering, and 

math (STEM) summer bridge program (SBP) on the retention of students from 

underrepresented groups (URGs) enrolled in their first semester of college at a large, 

public research institution in the mid-Atlantic region of the United States. This first 

chapter introduces background information on the seminal work that impacted today’s 

challenges of retaining students from URGs in STEM education and reviews statistical 

data relating to degree conferment and higher education matriculation rates. The chapter 

then presents the problem statement, explains the purpose and significance of the study, 

and identifies the research questions and key terms.  

Introduction  

In the United States, the increase in scientific and technological advancements 

(Ball et al., 2017) is creating more STEM jobs across all sectors (Figure 1), which 

challenges corporations and federal agencies to fill the STEM employment vacancies. In 

the federal context, more STEM personnel are needed due to “evolving national security 

threats” (U.S. Government Accountability Office, 2013, p. 11) linked to other countries’ 

scientific advancements and innovations. Moreover, a more critical catalyst for this 

dilemma in the federal government is the impending retirement of the “baby boomer 

generation,” which is preparing to “exit the workforce and deserves particular attention” 
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(Blake et al., 2019, p. 8). By 2024, the federal government will face the anticipated 

retirement of 1.4 million STEM personnel (Fayer et al., 2017). These employees are not 

only retiring; they are also taking with them “critical perspectives and knowledge gained 

over their careers” (U.S. Government Accountability Office, 2013, p. 11). The U.S. 

Bureau of Labor Statistics (Fayer et al., 2017) and the Department of Defense (Hogan & 

Roberts, 2015; U.S. Department of Defense, 2016) produced reports recognizing the need 

to fill STEM vacancies immediately with a diverse, qualified, and technologically 

capable workforce.  

 

 

Figure 1. Projected STEM job openings, 2014 to 2024. Reprinted from Fayer et al. 

(2017, p. 12), based on data from the U.S. Bureau of Labor Statistics. 
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More than “45% of the current federal workforce is over 50 years of age,” and 

more than 40% of federal physical scientists, along with 32% of federal biologists, fall 

within the over 50 age group (Blake et al., 2019, pp. 8-9). Losing this knowledge and 

experience as the federal STEM cadre begins to retire leaves the federal government 

vulnerable and unprepared for the future. Filling these vacancies in the immediate future 

with a younger workforce will allow time for current employees to share knowledge and 

mentorship before “baby boomers” begin exiting federal service (McCullough, 2020).  

Federal agencies rely heavily on institutions of higher education (IHEs) to 

produce graduates who can fill the nation’s workforce pipeline and assist the federal 

government in solving this predicament. Specifically, the demand rests within the 

escalating STEM job vacancies that require a skilled workforce to meet the 21st-century 

academic requirements (Graham et al., 2013; Rottinghaus et al., 2018), which if not filled 

could “have grave consequences for the U.S. beyond a slipping of international ranking” 

(Smith et al., 2018, p. 6).  

While the conferment of degrees within STEM programs of study increased 

marginally across higher education in the last 21 years, IHEs cannot sustain the outcomes 

needed to keep up with new technological advances and the creation of new jobs. 

Consequently, the need persists to continue researching programs that may increase the 

retention of STEM students to graduation, especially if the United States intends to 

remain globally competitive and continue contributing to technological and scientific 

advances (Ball et al., 2017, 2019; Noonan, 2017; President’s Council of Advisors on 

Science and Technology, 2012). 
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Background on the STEM Dilemma 

The seminal research conducted by Seymour and Hewitt (1997) served as the 

foundational work for many of today’s studies, as these researchers recognized that 

students who matriculated into STEM programs in higher education found it challenging 

to succeed. These students incorrectly assumed that the rigorous coursework in college 

would resemble what they experienced in high school. Seymour and Hewitt (1997) 

examined attrition within STEM education and revealed three key findings that served as 

the basis for STEM retention research and are still relevant today.  

First, they identified that the U.S. K-12 education system failed to foster strong 

science and mathematics literacy, as the curriculum introduced challenging science and 

math courses only in the last years of high school. For institutions that lacked resources, 

high school preparation further failed to prepare students for an already fast-paced 

educational environment that remains in today’s STEM classrooms (Castro, 2014; 

Estrada et al., 2016; Hurtado et al., 2010; Kitchen et al., 2018; Murphy et al., 2010; 

Strayhorn et al., 2013; Taningco et al., 2008; Tsui, 2007). 

Next, they pointed out that IHEs continued to recruit and retain fewer 

undergraduate and graduate students in STEM fields, lacked women and students of 

color, and remained exclusive to white males (Seymour & Hewitt, 1997). According to 

Seymour and Hewitt’s (1997) research, women’s success and retention in STEM courses 

was linked to their effort and their “failure connected to lack of ability, while the reverse 

was true among men” (p. 234). Thus, doubts about the value women bring to STEM was 
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connected to gender stereotyping instead of the disparities experienced in the classroom 

(Seymour & Hewitt, 1997).  

For students of color, faculty noted the attrition rate was linked to student 

motivation, lack of high school preparation, and the lack of family support (Seymour & 

Hewitt, 1997). The misconception that students lacked moral support from family was 

associated with “families lacking an understanding of the higher education system,” and 

their “economic circumstances,” which impacted student performance (Seymour & 

Hewitt, 1997, p. 321). However, as the authors noted, this broad assumption lacked 

recognition of the complexity of these experiences and the perspectives from students of 

color. Understanding the variables that affect women and students of color is a challenge 

that remains for IHEs (Blackburn, 2017; Carell et al., 2010; Chen, 2013; Espinosa, 2011; 

Guy & Boards, 2019; McGee & Bentley, 2017; Murphy et al., 2010; Taningco et al., 

2008). 

Finally, Seymour and Hewitt (1997) found that two significant factors impacted 

student retention because they linked to self-efficacy and a sense of belonging. First, the 

pace and workload of STEM courses impacted students from all races and genders; the 

“large volume of work” combined with “the speed at which it must be completed” was a 

main reason students cited for switching out of STEM majors (Seymour & Hewitt, 1997, 

p. 92). Even those students who were well prepared acknowledged being surprised at the 

“speed faculty presented the material” and how quickly they were expected to absorb it 

(Seymour & Hewitt, 1997, p. 93). According to Seymour and Hewitt’s (1997) research, 

students became STEM leavers (Chen, 2013) as they realized the curriculum was not just 
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an intellectual challenge but also a “physical and moral” one (p. 93). In order to survive 

this fast-paced environment, class work had to take priority over everything else, 

including social life, educational interests, and financial responsibilities (Seymour & 

Hewitt, 1997). 

Seymour and Hewitt (1997) recognized that the competitive culture also impacted 

the sense of belonging and self-efficacy among students from URGs. This competitive 

environment, which was linked to the weeding-out process, discouraged support from 

peers or collaborative study groups, and students experienced “psychological alienation” 

that also linked to higher attrition rates (Seymour & Hewitt, 1997, p. 235). Women in 

Seymour and Hewitt’s study (1997) also acknowledged having a more difficult time 

getting help with academic problems or advice about other concerns, which also affected 

their decision to depart STEM programs. While this research aided the understanding of 

the challenges with STEM retention, all three problems persist two decades later.  

In 2012, the President’s Council of Advisors on Science and Technology 

(PCAST) Report to the President of the United States recognized that IHEs across the 

United States failed to meet two critical STEM demands: (1) the need to significantly 

increase college throughput rates overall across the United States, and (2) the need to 

graduate more diverse STEM professionals. The PCAST report (2012) recommended that 

within the next decade, by 2022, IHEs strategically plan to add at least 1 million more 

STEM graduates to their initial number of projected undergraduate STEM degree goals. 

The report concluded that for the United States to remain competitive with other nations, 

it must address the STEM attrition rate in higher education and diversify the workforce as 
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a means of increasing innovative contributions to technological and scientific research. 

According to Chen (2013), a large percentage (48%) of students enrolled in STEM 

majors are “leaving their discipline before graduating from college” (p. 36). While 

students dropping out of STEM disciplines include all ethnicities, students from URGs 

leave STEM programs of study at higher rates (Estrada et al., 2016; Seymour & Hewitt, 

1997; Taningco et al., 2008). 

Today, across the nation, higher education professionals continue the discussion on 

how to recruit and retain students from various ethnicities in STEM disciplines (Litow, 2008; 

Wilson et al., 2018). Evidence from a study conducted by the University of Michigan found 

that diverse organizations with “representatives of different genders, races, and nationalities” 

both “improve scientific productivity” and “increase innovation” (Clements et al., 2017, p. 

30) because heterogeneous teams challenge each other to “overcome stale ways of thinking 

and sharpen performance” to solve problems (Rock & Grant, 2016, p. 2). Related studies 

similarly found that a more diverse workforce outperforms homogeneous teams (Perna et al., 

2010; Schultz et al., 2011; Wilson et al., 2018).  

Moreover, a diverse workforce is especially critical as economic, health, and 

scientific decisions made in STEM fields impact “populations that are underrepresented 

and often underserved” (Wilson et al., 2018, p. 2). Creating a more diverse STEM 

workforce, however, has proven challenging, as attracting and retaining individuals of 

diverse backgrounds requires IHEs to support persistence of students from URGs in 

STEM majors. Espinosa (2011) determined that IHEs are losing students from URGs in 

STEM due to increased educational gaps that are often the result of a K-12 educational 
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system that fails to “adequately prepare students” who are “capable of pursuing STEM 

fields” (p. 209). 

Problem Statement 

One significant responsibility of IHEs is to sustain the STEM workforce pipeline, 

as job projections indicate that STEM positions require at least a bachelor’s degree 

(Rincon & George-Jackson, 2016). As Figure 2 illustrates, despite the changes made to 

improve retention and the increase that has occurred in STEM graduations, IHEs will not 

meet the PCAST’s recommended goal by 2022 as they cannot keep up with the pace of 

STEM job vacancies (Kitchen et al., 2018, p. 710).  

 

 

Figure 2. Total baccalaureate degrees, non-STEM degrees, and STEM degrees from 

1999 to 2018. From U.S. Department of Education (2018-2019). International students 

were not included in these numbers.  

1999 2000 2006 2012 2016 2018

Total Baccalaureate Degrees

Conferred by Year
1,237,875 1,244,171 1,524,092 1,840,164 1,980,644 1,956,114

Total Non-STEM Baccalaureate

Degrees Conferred by Year
1,006,590 1,011,082 1,154,331 1,489,074 1,540,047 1,494,337

Total STEM Baccalaureate Degrees

Conferred by Year
192,219 193,278 323,860 286,259 349,215 363,540
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Although there is limited research on summer bridge programs (SBPs), IHEs, 

along with federal agencies and private foundations, have invested resources to develop 

this educational intervention because SBPs focus on two important factors. First, they 

concentrate on improving foundational math skills and preparing incoming STEM 

students for their first year of college (Gleason et al., 2010; Kitchen et al., 2018). 

Researchers have found that close to half of incoming freshmen find mathematics, a 

foundational competency for all STEM programs, challenging (Chen, 2013; D’Souza et 

al., 2016; Sithole et al., 2017). The second factor centers on the retention strain that 

persists in STEM programs of study in part due to the survival-of-the-fittest culture 

(McGee & Bentley, 2017). SBPs emphasize coping strategies that enable students to 

succeed. SBPs are further described in Chapter 2.  

Another component linked to retention is the recruitment of students, which 

introduces the topic of students from URGs in STEM. Research indicates that including 

students from URGs in the STEM workforce may serve to accomplish the goal of 

bringing unique perspectives, novel discoveries, and innovative creativity to national 

problems (Schultz et al., 2011). Moreover, federal agencies strive to hire a diverse 

workforce to fill federal vacancies (Fayer et al., 2017; Hogan & Roberts, 2015; U.S. 

Department of Defense, 2016). There is a “classic paradox between challenge and 

opportunity” (Litow, 2008, p. 1) that empowers leaders to draw upon “untapped 

resources to address a national need” (Perna et al., 2010, p. 42). As illustrated in Figure 3, 

between 1999 and 2018, high school graduations increased (99.5%) for students from 
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URGs—defined as students of both genders who identify their race/ethnicity as Hispanic 

American, African American, or Native American.  

 

 

Figure 3. Public high school graduation completion rates among URGs and non-URGs 

(NURG) groups, 1999 to 2018. Derived from U.S. Department of Education (2018-2019) 

data. 

This population, if recruited and retained in a STEM program of study, can 

positively impact STEM workforce growth (U.S. Department of Education, 2018, 

2019a). Currently, only 5% of students from URGs transitioning into higher education 

attain a STEM degree. However, ensuring that this group of students completes the 

STEM program (Figure 4) remains problematic for IHEs due to the obstacles students 

face while attending higher education STEM courses (Park, Williams, et al., 2019). These 

obstacles are further discussed in chapters that follow. 
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Figure 4. Conferred degree trends in STEM for students from both underrepresented 

groups (URG) and non-underrepresented groups (NURG) between 1999 and 2018. From 

U.S. Department of Education (2018-2019). 

Purpose and Significance of the Study  

The purpose of this study is to examine how a STEM SBP impacts students from 

URGs and their transition into the first semester of college, primarily centering on students 

from URGs who identify their ethnicity as Hispanic American, African American, and 

Native American. The researcher used a convergent parallel mixed-methods approach, 

simultaneously collecting quantitative and qualitative data and later merging data sets to 

provide research results (Brown et al., 2018; Terrell, 2016). Using this mixed-methods 

approach enabled the triangulation of the validated instruments, the interviews and 

observations, and the focus groups (Yin, 2015). Triangulation during analysis provided a 
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better understanding of the overall impact of this intervention on bridging the achievement 

and educational gap for students from URGs entering a STEM program of study.  

The outcome of this study provides intrinsic and extrinsic value to the university 

where the intervention occurred, to the higher education STEM communities, and to the 

federal government. The data provided useful information about the challenges IHEs face 

in retaining first-year students from URGs and the efforts taken to resolve those 

challenges that keep these students from persisting towards degree attainment (Mertens & 

Wilson, 2012). 

Research Questions 

One major research question guided this study: How does a STEM SBP impact 

students from URGs during their transition into the first semester of college? The main 

research question was supported by four subquestions (Table 1). 

Table 1 

Study Research Question and Subquestions 

Type Question 

Main  How does a STEM SBP impact students from URGs during their 

transition into the first semester of college? 

Subquestions 1. How is the self-efficacy of students from URGs impacted after 

completing a STEM SBP? 

2. How does a STEM SBP support students from URGs’ academic and 

social integration? 

3. How are the sense of belonging and interest in STEM for students 

from URGs influenced following participation in a STEM SBP?  

4. What experiences contributed to the IHE’s retention of students from 

URGs in a STEM program of study through their first semester? 
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Statement of Interest 

This topic appealed to the researcher because, as a federal leader, she has seen 

how STEM attrition rates have impacted her agency. Conducting this study provided the 

researcher insight into how SBPs provide “academic assistance prior to the start of the 

first year” (Tinto, 1993, p. 161) to increase student retention. Determining the answers to 

the research questions further allowed the researcher to begin providing solutions for her 

federal agency.  

Definition of Key Terms 

Graduation rate: The percentage of students who graduate or complete their degree 

within a specific timeframe (Kena et al., 2016). 

Institution of higher education: An educational institution in any state that admits 

students who have graduated from high school, provides a program of study that 

leads to a bachelor’s degree, and is accredited and legally authorized to provide an 

education beyond high school or secondary education (Higher Education 

Amendments Act, 1998).  

Non-underrepresented group: As defined by the U.S. Department of Education (2016), 

White Americans (of European, Middle Eastern, or North African descent), Asian 

and Pacific Islander Americans, and those choosing “other” categories as their 

identifier for race and ethnicity in the collection of data.  

Persistence: A student measure linking to students wanting to return to any school and 

persist towards degree completion (Hagedorn, 2005). Although persistence is 

commonly used interchangeably with retention, the two should be differentiated.  
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Retention: An institutional measure that accounts for students returning to the same 

school in the same program of study (Hagedorn, 2005). Hagedorn (2005) 

summarized that “institutions retain, and students persist” (p. 6). Since this 

dissertation addressed institutional measures, the focus was on retention rather 

than persistence. 

STEM attrition rate: A calculation that accounts for those STEM leavers in comparison 

to those students entering and remaining in STEM (Chen, 2013). 

STEM discipline: The enrolled field a student chooses that produces a program of study 

for the student to follow. Fields in STEM include a wide range of disciplines. This 

dissertation used the disciplines identified in the 2016 U.S. Department of 

Education annual statistics. Each of these majors serves as the foundation for 

higher education programs of study that, once completed, produce an 

undergraduate degree in a science, technology, engineering, or mathematics 

discipline (Chen, 2013; U.S. Department of Education, 2018-2019).  

STEM leavers: Students who leave their STEM discipline either “by switching their 

major to a non-STEM field or by leaving postsecondary education without 

earning a degree or certificate. For brevity, the latter group is frequently referred 

to as students who dropped out of college or college dropouts” (Chen, 2013, p. 5). 

Students were not included as STEM leavers if they switched from one STEM 

major to another STEM major, such as changing from biology to chemistry.  

Summer bridge program: A program that aims to “facilitate a student’s transition into 

college, improve student academic success,” and that takes place “in the weeks 
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before a student’s first year of college.” SBPs generally last 2 to 4 weeks and are 

“commonly referred to as SBP, boot camps, summer programs, or college prep 

programs” (Ashley et al., 2017, p. 16). 

Underrepresented groups: As defined by the U.S. Department of Education (2016), men 

and women who identify as Hispanic Americans, African Americans, and Native 

Americans. 

Dissertation Overview 

Chapter 1 introduced the current STEM challenges and identified the purpose and 

significance this study has for IHEs and federal agencies. Four chapters follow in this 

dissertation. Chapter 2 serves as the comprehensive literature review that includes a 

discussion of STEM retention and an in-depth overview of SBPs. Chapter 3 links the 

theoretical framework to the SBP metaphorical bridge, describes the approach used to 

determine findings, identifies the settings, participants, and instruments used, and 

examines a recently conducted pilot study (Guzman et al., manuscript in preparation) that 

provided guidelines for this research. Chapter 4 presents analysis of the quantitative and 

qualitative data collected and addresses the research questions. The dissertation 

concludes with Chapter 5, which offers an in-depth discussion of the findings and 

implications for higher education. 
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CHAPTER 2 

Chapter 2 provides a thorough discussion of the literature related to this study. 

This chapter includes a brief history of science, technology, engineering, and math 

(STEM) education, a thorough review of the STEM summer bridge program (SBP) 

model as a means of minimizing the gap between high school and college (King & 

Masterson, 2011), and the factors affecting STEM leavers and the retention of students 

from underrepresented groups (URGs) in a STEM program of study. Last, Chapter 2 

offers a brief discussion on the role of STEM SBP faculty once the camp concludes.  

STEM Education: The Big Picture 

The past few decades have seen a shift away from the notion that STEM 

education is only for talented or gifted students. The view today is that all students can 

benefit from developing the critical thinking and problem-solving skills that accompany 

mathematical and scientific abilities (Breiner et al., 2012). Although the history of STEM 

education is expansive, this section focuses on pivotal moments from the late 19th 

century through the 21st century.  

The Morrill Land-Grant Act of 1862 played a vital role in the development of 

major institutions of higher education (IHEs) (Thelin, 2011). This statute granted land to 

states that supported the establishment of colleges and universities, which led to the 

development of IHEs such as Cornell University, founded in 1865 for engineers in New 

York, and the sustainment of universities such as the Massachusetts Institute of 

Technology (Thelin, 2011). Senator Justin Smith Morrill championed this legislation, as 
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he “understood that a rapidly industrializing nation would need people with practical 

skills” (Staley, 2013, p. 1). The funds from the land sold enabled the building of colleges 

for agriculture, mechanics, and engineering programs of study and required IHEs to 

include a military curriculum that served as the start of the Reserve Officer Training 

Corps (Adkins, 2017; Thelin, 2011). Further, this law provided the federal government an 

opportunity to play a critical role in “creating colleges that are both practical and 

accessible” to the U.S. population (Staley, 2013, p. 1).  

Almost a century later, in 1957, the Soviet Union launched Sputnik, the first 

satellite sent into space. This event served as a catalyst for STEM education in the United 

States as government agencies began to “panic” (Goldberg, 2019, p. 3). Incentivized by 

this launch, the United States funded the space program now known as the National 

Aeronautics and Space Administration and signed into law the National Aeronautics and 

Space Act of 1958 (Goldberg, 2019; Jolly, 2009). Moreover, Russia’s innovation led the 

United States to further fund STEM education programs through legislation such as the 

National Defense Authorization Act and Titles III and V of the Higher Education Act 

(Marland, 1971). The National Defense Authorization Act funded the “strengthening of 

science and mathematics” because legislators believed that “top grade instruction was 

critical to the protection of the country” (Marland, 1971, p. 105).  

Accordingly, Titles III and V supported gifted and talented education programs 

and bolstered student enrollment in STEM education at the college level (Jolly, 2009; 

Meyrick, 2011; Mohr-Schroeder et al., 2015). Integral to the recruitment of STEM 

students was a curriculum specifically directed towards “highly talented and motivated 
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students” (Meyrick, 2011, p. 3). National leaders assumed that these students’ interests 

centered around “learning and exploring” the curriculum in “greater depths and in a 

faster-paced environment” (Meyrick, 2011, p. 3). However, concentrating only on 

“gifted” students to fill the nation’s STEM workforce pipeline was largely ineffective as 

the number of students in gifted programs remained low and was consistently 

homogenous (Meyrick, 2011). 

Particularly alarming in the last decade of the 20th century was the urgent need 

for engineers as technology advanced and the “demand for qualified professionals 

continued to outpace the available pool” (French et al., 2005, p. 419). Seminal work, such 

as A Nation at Risk (Gardner et al., 1983; U.S. Department of Education, 2008), further 

highlighted the fact that “high-quality products were being produced less expensively 

overseas” (Gardner et al., 1983, p. 65) and drew a connection to fears that American 

students were falling behind other countries in STEM progress (Lehman, 2013; U.S. 

Department of Education, 2008). By the end of the 20th century, the federal government 

and higher education leaders expressed concern about the nation’s educational 

performance gaps and the lack of diversity in gifted and STEM programs (French et al., 

2005; Gardner et al., 1983; Meyrick, 2011).  

At the turn of the 21st century, national and federal leaders, along with educators 

across the United States, expedited actions to recruit and retain more STEM graduates as 

the problem persisted and grew. A significant concern for IHEs was that students lacked 

preparedness or interest in related fields of study, thus failing to fill the STEM pipeline and 

meet present and future workforce demands (French et al., 2005; Lehman, 2013; U.S. 
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Department of Education, 2008). Publications such as Friedman’s (2005) The World is 

Flat brought national attention to the shortage of students entering science and engineering 

fields. Friedman (2005) further emphasized that U.S. students lacked ambition and noted a 

considerable educational gap between the United States and competitors such as Russia, as 

illustrated in the tracking of countries’ undergraduate degree completion rates (Figure 5). 

The identification of educational gaps furthered the momentum for action as 

“STEMmania” (Lund & Schenk, 2010, p. 10) attracted the attention of even more 

prominent federal and higher education leaders who again championed an increase in 

funding for STEM education (Lund & Schenk, 2010; Sanders, 2008).  

 

 

Figure 5. Tertiary graduation rates by country listed in percentages. Reprinted from 

“Tertiary graduation rate (indicator)” by Organization for Economic Co-operation and 

Development, 2016. doi: 10.1787/15c523d3-en  

Population % 
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Funding continued to increase for STEM programs in the early 21st century, 

especially in engineering (Meyrick, 2011), but three key factors continued to challenge 

STEM retention and persistence. First, reports indicated a significant lack of interest and 

increased dropout rates in STEM programs of study. Second, IHEs and education 

professionals sought to study and address the low participation of students from URGs in 

STEM fields (Meyrick, 2011). These efforts led to a reduction in performance gaps for 

disadvantaged students by focusing on improving students’ academic skills. This change 

led to a more diverse pool of STEM candidates, but the overall impact was small (Meyrick, 

2011). Third, considering the growing importance of technology for the U.S. workforce, 

STEM educators argued that STEM skills, such as problem-solving and critical thinking, 

could benefit all students in the 21st century (Breiner et al., 2012; Meyrick, 2011). This 

insight led to the formation of a governing body that could work in tandem with federal 

leaders and the U.S. Department of Education to find a solution to the STEM quandary.  

President Franklin D. Roosevelt formed the Office of Science and Technology 

Policy under Public Law 94-282 (Shea & Sargent, 2019), the first officially sanctioned 

and funded organization for science and technology, founded in 1941. This office 

provided policy oversight, and U.S. presidents have requested science and technology 

advice on issues that impact the nation’s health, economy, and national security (Shea & 

Sargent, 2019). In addition, most presidential administrations since Johnson have 

continued to fund science and technology advisory boards with a few exceptions, such as 

Nixon in 1973 (Shea & Sargent, 2019). In 2001, President George H.W. Bush signed into 

law Executive Order 13226, forming the President’s Council of Advisors on Science and 
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Technology (PCAST) (Shea & Sargent, 2019), and granted the council the authority to 

oversee the “heads of the executive departments” and gather “information concerning 

scientific and technological matters” (Bush, 2001, p. 50523). PCAST also counseled the 

president on STEM education, including assessing participation in STEM programs of 

study among students from URGs (Bush, 2001). Subsequent presidential administrations 

sustained funding for STEM education annually within the National Defense 

Authorization Act (Meyrick, 2011; Office of Science and Technology Policy, 2016; U.S. 

Department of Education, 2016).  

In 2012, PCAST produced an executive report stating that student graduation 

rates for STEM programs of study were on the decline, due primarily to ineffective 

introductory courses and the unwelcoming atmosphere within STEM disciplines. The 

council recommended a paradigm shift from teacher-centered to student-centered 

instruction as one solution for retaining students and increasing graduation throughput 

(Cotner et al., 2013; PCAST, 2012). In 2016, the Office of Science and Technology 

Policy produced another report stating that while the nation had made considerable 

progress in improving STEM education since 2012, additional work remained and should 

occur at a faster pace. Researchers further reported that graduation rates in STEM fields 

were still not meeting the workforce demand (Fayer et al., 2017; Metcalf, 2010; Office of 

Science and Technology Policy, 2016). This second report by the Office of Science and 

Technology outlined possible strategic approaches towards a proactive culture of 

inclusion in STEM that would increase the workforce pipeline and foster innovation 

(Office of Science and Technology Policy, 2016). 
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Today, higher education professionals remain challenged in establishing curricula 

that can withstand the pace of technological change (White, 2014). Research studies have 

generated solutions to modernizing the STEM curriculum that include the use of 

technological tools to improve instructional methods and to encourage student 

participation and persistence (Baldwin, 2009; Long et al., 2019). According to Bruner’s 

(1997) constructivist theory, learning is an active process where students make meaning 

of what they are experiencing by connecting current experiences with past ones to 

construct new knowledge. While studies in STEM education connect student engagement 

to learning and knowledge retention, a constructive pedagogical approach advocates for 

building student self-efficacy which encourages perseverance in courses and degree 

programs (Baldwin, 2009; Estrada et al., 2016; Freeman et al., 2014; Henderson et al., 

2011; Hurtado et al., 2011; Long et al., 2019). Although these pedagogical changes 

challenged the long-held tradition of teaching in large lecture halls, studies indicated that 

including the use of modern technology was critical to retention of students in STEM 

courses, including students from URGs (Crouch & Mazur, 2001; Graham et al., 2013; 

Long et al., 2019). 

STEM Summer Bridge Programs 

STEM SBPs serve as a “provision of academic assistance prior to the start of the 

first year, as a way to bridge the academic gap between high school and college” (Tinto, 

1993, p. 161). SBPs were started in the early 1990s as a way to recruit, support, and 

retain students in a STEM program of study, as they “incorporated a range of academic, 

social, and professional components” that increased participants’ academic skills and 
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interest in STEM (Kitchen et al., 2018, p. 701). IHEs implemented them as an 

intervention to address and improve the academic skills that many students lacked, 

particularly in math (Kitchen et al., 2018). Moreover, as SBPs developed, IHEs focused 

on building social skills and increasing motivation, which are other skills needed to meet 

the demands of higher education (Kitchen et al., 2018; Tinto, 1993; Wathington et al., 

2016). Today, implementation of SBPs varies considerably and ranges from 1- to 6-week 

sessions held during the summer months before the start of the first year of college 

(Ashley et al., 2017; Kitchen et al., 2018). According to Sithole et al. (2017), through 

intervention programs, participants “have shown increased interest, self-confidence or 

positive attitudes towards STEM fields” (p. 54). 

Although research on SBPs offers some guidance on why SBPs are effective, the 

work itself is limited to a small number of studies (Ashley et al., 2017). An examination 

of SBP research spanning 25 years found 46 peer-reviewed and non–peer-reviewed studies 

between 1992 and 2016 (Ashley et al., 2017) (Figure 6). These studies acknowledged SBPs 

as having a significant positive impact on STEM retention for students who participated in 

the intervention, including students from URGs (Ashley et al., 2017). 

 

 

Figure 6. Published reports on STEM SBPs. From Ashley et al. (2017). 
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In each of these published studies, SBP participation was associated with positive 

student effects such as “earning higher grades, staying in school longer, and having 

higher completion rates compared to non-participants” (Walpole et al., 2008, p. 14). 

According to Walpole et al. (2008), SBPs remain largely successful because they 

concentrate on “remediating academic skill deficiencies, provide information regarding 

college campus life, orient students to the institution’s culture, and develop student self-

esteem and sense of efficacy” (p. 12). These deliberate philosophies construct the 

foundational skills of the metaphorical bridge into higher education (Metcalf, 2010; 

Tomasko et al., 2016).  

Metaphorical Bridge 

Figure 7 shows the researcher’s visual depiction of the metaphorical bridge along 

with the process flow that guides STEM students from high school to college and 

eventually from graduation to the STEM workforce.  

 

 

Figure 7. Researcher’s illustration of the pillars supporting the SBP. 
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The pillars in the bridge represent objectives commonly implemented in SBPs 

(Ashley et al., 2017): 

• Academic and campus resources: Providing students with academic and campus 

resources—such as learning centers for tutoring, disability services for support, 

financial aid for registration, and career centers for internships (Conley, 2010; 

Strayhorn et al., 2013)—to support success in higher education 

• Foundational preparation: Preparing students academically as many lack 

foundational math or science skills (Ashley et al., 2017; Taningco et al., 2008) 

• Social connections: Ensuring that students connect with each other as a means of 

providing support to one another and building friendships (Stolle-McAllister, 

2011) 

• Faculty mentorship: Ensuring SBP faculty serve in a mentorship role, but more 

importantly, are willing to serve in the capacity of role model (Taningco et al., 2008) 

• Confidence building: Facilitating students’ confidence and self-efficacy, which 

plays a role in each of these pillars (Hsieh et al., 2007; Metcalf, 2010; Tomasko et 

al., 2016; Van Dinther et al., 2011)  

• Sense of belonging: Helping students understand that they are not only a part of 

the university family (Ashley et al., 2017; Strayhorn, 2012) but also part of the 

STEM family 

SBPs: Commonalities and Differences 

Although SBPs vary from institution to institution, they share key features. 

Primarily, SBPs focus on two main objectives: first, to “facilitate a student’s transition 
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into college” and second, to “improve student academic success” (Ashley et al., 2017, 

p. 1; King & Masterson, 2011). Attaining the first goal is critical to achieving the second, 

especially since research indicates that higher education professionals continue searching 

for ways to prepare students for a successful transition into higher education (Ashley et 

al., 2017). As shown in Table 2, Ashley et al. (2017) summarized the significant 

commonalities and differences within SBPs. 

Table 2 

Commonalities and Differences Found in SBPs Across the United States 

Category Factors 

Commonalities • SBPs established for either a science or math program of study 

(e.g., biology, chemistry, calculus) or for general STEM 

disciplines (all science, technology, engineering, and math 

programs of study).  

• SBPs have a common objective, which is retaining students in 

STEM disciplines. 

• Recruiting methods for SBPs include seeking registrar support to 

market the program to registered first-year students. 

• Many SBPs focus primarily on the retention of students from 

URGs. 

• SBPs use Tinto’s (1993) theory of retention as their standard 

theoretical framework because it addresses both academic and 

social goals for student success. 

• SBPs usually occur in the summer months close to the start of the 

first semester, but some have been held as early as the spring 

before students’ first semester in college.  
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Differences • Target audiences differ from institution to institution. Some IHEs 

target first-generation or transfer students while others are open to 

all students entering a STEM program of study.  

• Program length can vary from 1 to 6 weeks. 

• Some SBPs provide scholarships for students who cannot afford 

to attend. 

• Only a few SBPs allow participants to live in student dorms. 

• Some SBPs ask faculty teaching first-year courses to participate in 

the intervention so that students can get to know them. Mostly, 

IHEs use faculty who have time to participate in the program.  

Note: Based on Ashley et al. (2017).  

 

 

 

Student Success in SBP  

Students entering their freshman year may have a range of expectations on what 

occurs in college, based on their personal experiences (Conley, 2010). Conley (2010) 

further explained that STEM college courses present material in a much more complex 

way and at a more “rapid pace” than students are used to from high school; as such, 

incoming students “may get lost or left behind if they are not prepared” (p. 4). When 

these expectations are not identified, students may not have the resources they need to 

complete the STEM program of study (Conley, 2010).  

Multiple studies explored SBP components that lead to student success, including 

setting expectations for students on what to anticipate in college; preparing students 

academically, including placing them in appropriate first-year courses; establishing social 

connections; and encouraging the use of university resources and mentorships that lead to 

student self-efficacy (Ashley et al., 2017; Malcom & Feder, 2016; Murphy et al., 2010; 

Tomasko et al., 2016). Researchers pointed out that SBP expectations are outlined by 
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faculty advisors who work with students to complete refresher training or practice 

scenarios they may encounter in their freshman year (Ashley et al., 2017; Tomasko et al., 

2016). As a result of this exposure, SBPs provide students with an opportunity to work 

within the constructs of the coursework requirements without suffering academic 

consequences and, more importantly, learn from their mistakes before the first semester of 

college begins (Ashley et al., 2017). Feeling prepared allows students to have more 

confidence in their ability and contributes to ways that students perceive success in their 

program, both of which increase self-efficacy and retention in SBPs and the STEM 

program of study (Ashley et al., 2017). 

Social Experiences 

Another fundamental indicator for success, based on SBP research, is social 

experiences that help students navigate the campus and know where campus resources 

are located, thus lessening apprehension before the first year begins. Research suggests 

that SBPs purposely include in their curriculum social resources, such as places to eat, 

clubs to join, and academic resources such as campus tutoring services (Van Dinther et 

al., 2011). These resources can also significantly impact student outcomes. When 

students from URGs in a STEM program of study “have limited resources,” their 

academic “options are constrained and increase the probability of failure” (Cabrera et al., 

2013, p. 484). In many instances, IHEs offer resources for all students, but these 

resources are not always known or communicated to students so they can take full 

advantage of them.  
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As students enter college, they require social support systems for their growth 

(Tomasko et al., 2016; Tinto, 1993). Research has indicated that support from family, 

faculty, and friends predicts future success, especially for students from URGs “who 

often face isolation and stereotyping in academia” (Hurtado et al., 2011, p. 555). These 

support resources serve as “identity agents for students by offering social support and 

facilitating an individual’s identity and academic success” (Hurtado et al., 2011, p. 555). 

SBPs have shown a positive impact because they allow students to connect and build a 

support network with other students, teaching assistants, and faculty members. According 

to Stolle-McAllister (2011), SBPs “positively affect participants’ perceived social fit” 

along with reducing the stress of experiencing something new (p. 13). 

Resources 

Other studies found that including resources, such as time management strategies, 

within SBPs helped students succeed in their subsequent program of study (Cabrera et al., 

2013; Tomasko et al., 2016). Furthermore, teaching students how to use resources such as 

“academic counseling, tutoring, and group study programs” during SBPs allowed students 

from URGs to practice finding resources on their own so that they would know how to 

access and utilize them when classes began (Lenaburg et al., 2012, p. 156). One resource 

that has proven valuable for first-year students is experiencing campus life while living in 

the dormitories during the SBP (Strayhorn, 2012; Tomasko et al., 2016). Navigating the 

life change of moving away from home can alleviate stress for students and encourage 

their sense of belonging to the university and the STEM community (Ashley et al., 2017; 
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Strayhorn, 2012). Moreover, the experience of living in the dorms allows students to 

develop friendships which further builds students’ support systems.  

Self-Efficacy  

The literature has consistently found that students participating in SBPs build self-

efficacy by experiencing positive reciprocal interactions with others and with the college 

environment (Van Dinther et al., 2011). According to researchers, self-efficacy is a strong 

predictor of academic success (Bandura, 1997; Hsieh et al., 2007; Van Dinther et al., 

2011). King and Masterson (2011) noted that SBPs help students learn how to adapt to 

the college setting by building student efficacy. Furthermore, increasing efficacy 

throughout the SBP is possible because students “engage in structured group bonding 

activities” that help them build successes (Stolle-McAllister, 2011, p. 14; Bandura, 1997). 

Additionally, students make long-lasting friendships with fellow SBP participants that 

increase their social support system. Bandura’s (1997) theory is further discussed in 

Chapter 3. 

Another critical discussion point in the literature relates to student departures 

from higher education programs. Figure 8 illustrates “the degree to which different 

individual and institutional attributes are associated” with the departure of students from 

IHEs (Tinto, 1993, p. 113). This figure illustrates the criticality of interactions between 

people, environments, and communities to achieve student retention. According to  
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Figure 8. Tinto’s longitudinal model of institutional departure. This model identifies the 

internal and external experiences that affect both social and academic outcomes that lead 

to retention in higher education. Adapted from Leaving College: Rethinking the Causes 

and Cures of Student Attrition, by V. Tinto, 1993, Chicago, IL: University of Chicago 

Press, p. 114. 

Tinto’s (1993) model, “positive experiences reinforce persistence through their impact,” 

while negative experiences “serve to weaken intentions and commitments, thus 

increasing the likelihood of departure” (p. 115). Tinto’s (1993) seminal work provides 

further insight into why students leave college. 

Collaborative Learning 

Another benefit of SBPs is the encouraging and collaborative working 

environment that allows students to learn from each other (Elam et al., 2012). This 

environment builds students’ learning while introducing them to collaborative working 

experiences. Students not only gain knowledge from lessons and instructors, but also gain 
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insight by observing and modeling classmates’ actions to increase learning (Meadows & 

Sekaquaptewa, 2013). Sloane et al. (2017) and Prince (2004) explained that students use 

their own experiences to problem solve, and when working in groups, they can observe 

new methods of approaching problems and finding solutions. This heuristic method, 

known as peer instruction, also serves to build students’ knowledge. Moreover, today’s 

employers use collaborative working environments to advance outputs and increase 

innovation. Students engaged in peer instruction methodologies are practicing and 

preparing for their future work environment (Crouch & Mazur, 2001; Manduca et al., 

2017). 

Students from URGs and the Factors Affecting Retention  

Due to rapid demographic changes in the nation’s population, and therefore its 

workforce, the number of STEM workers in the United States cannot be increased 

without also increasing the number of students from URGs majoring in a STEM field in 

U.S. IHEs (Paschal & Taggart, 2019). Research from the last decade has suggested that 

recruiting students from URGs into intervention programs before beginning their first 

college semester prepares them academically, builds self-efficacy, and acclimates them to 

the college environment (Tomasko et al., 2016). Moreover, scholarly research has 

associated participation in SBPs with a decrease in the number of students leaving STEM 

(Metcalf, 2010; Murphy et al., 2010; Park, Williams, et al., 2019; Tomasko et al., 2016).  

Although a diversity of culture and cognition are valuable in STEM fields 

(Espinosa, 2011; McCoy et al., 2017; Page, 2008; Rock & Grant, 2016; Shapiro & Sax, 

2011), retaining students from URGs in STEM disciplines remains a considerable 
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challenge. Many students from URGs find it arduous to complete introductory courses. 

Historically, the conventional approach for introductory STEM coursework has been to 

hold first-year classes with 100 to 300 students with the expectation that a sizeable 

majority of students will fail; the STEM majors will retain only those who are most likely 

to succeed (McGee & Bentley, 2017; Shapiro & Sax, 2011). When higher education 

students fail to pass introductory courses, and in some instances are “weeded-out 

psychologically” (Seymour & Hewitt, 1997, p. 131), the country loses their potential 

STEM contributions to the economy and society at large (Loshbaugh et al., 2006; McCoy 

et al., 2017; Shapiro & Sax, 2011). Moreover, Morrison and Silverman (2012) argued 

that diversity serves multiple needs, including changing the largely homogenous STEM 

workforce and creating space for new ideas and innovations. Additional research 

presented by Tierney (2014) found that having “diverse talents and abilities to help solve 

problems” (p. 111) may bring insight to issues that others may not have considered.  

Barriers for Students from URGs 

According to Murphy et al. (2010), students from URGs must “overcome higher 

barriers than their counterparts” (p. 74) if they are to persevere in a STEM program of 

study. Students from URGs enrolled in a STEM program often cite additional challenges 

they face that students from non-URGs may not understand, such as “lacking mentors, 

experiencing negative classroom environments, and feeling alone or isolated” (Dell et al., 

2019, p. 14). Additionally, students from URGs may have personal responsibilities to 

their families, which in some cultures is normal, especially for those students still living 

at home while attending school (Taningco et al., 2008). 
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The transition from high school to a college STEM program of study may be 

riskier for students from URGs than others due to the lack of high school preparation in 

math and science courses and lack of confidence needed to overcome issues encountered 

in the program (Castro, 2014; Kitchen et al., 2018; Murphy et al., 2010; Taningco et al., 

2008; Tsui, 2007). Research has indicated that students from URGs predominantly attend 

high schools that are under-resourced and have limited faculty available to teach 

advanced math and science courses (Murphy et al., 2010). As such, students from URGs 

are more likely to begin college unprepared to handle the foundational course curricula 

and persist to graduation from a STEM program (Castro, 2014; Murphy et al., 2010; 

Suzuki et al., 2012). In some IHEs, students who enter higher education underprepared 

are placed in remedial math or science courses which affects their confidence and self-

efficacy (Liu, 2018; Suzuki et al., 2012). Programs that help students from URGs 

overcome these academic and social barriers facilitate the support needed for them to 

persevere through the STEM curriculum, which may yield higher enrollments and 

graduation rates (Park, Williams, et al., 2019; Strayhorn et al., 2013). 

Another factor critical to the success of students from URGs in STEM links to the 

college environment and a sense of belonging to the school and, more importantly, to the 

STEM community. Espinosa (2011) noted that research “revealed the effect of the 

college environment as particularly meaningful to educational trajectories in STEM” for 

students from URGs (p. 216). Too often, students from URGs find this barrier to be the 

most challenging and often fail to transition due to inexperience and lack of confidence, 
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which as Tinto (1993) noted, may be remedied by using positive interactions to promote 

a student’s integration into higher education. 

Women in STEM 

The diversity of personnel in STEM professions connects to gender as well as 

ethnicity. As shown in Figure 9, ethnically minority women attain STEM degrees at 

considerably lower rates (45%) than men (55%) (U.S. Department of Education, 2018-

2019). Minority women in STEM experience a “double minority” because they have 

“larger, systematic forces to overcome” on a path to a STEM degree (Rodriguez et al., 

2017, p. 264). Guy and Boards (2019) agreed that ethnically minority women entering a 

STEM program of study “carry the burden of two historically marginalized groups in 

higher education” (p. 361). As evidenced by recent research, beyond the challenges of 

pursuing a STEM degree, these women face difficulties linked to racism, gender bias, and 

conscious or unconscious discrimination (Guy & Boards, 2019; McGee & Bentley, 2017; 

Rodriguez et al., 2017).  
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Figure 9. STEM degrees awarded by gender and by URG or non-URG, 1999 to 2018. 

From U.S. Department of Education (2018-2019).  

For example, McGee and Bentley’s (2017) research argued that “social devaluing 

and stigmatization” of race have led to the “quantified racial hierarchy of mathematics,” 

(p. 267). This ranking placed students of White and Asian ethnicity at the top of the 

hierarchy, while students from URGs were placed “squarely on the bottom” (McGee & 

Bentley, 2017, p. 267). In another example, Guy and Boards’ (2019) research described 

women from URGs as being “discouraged to pursue” a STEM program of study by their 

STEM professors (p. 361). Finally, well-documented experiences encountered by 

ethnically minority women cast them as “weak in mathematical abilities” and described 

the need for them to “work harder to establish their claim to scientific authorities” 

(Blackburn, 2017, p. 248; see also Bench et al., 2015; Luong & Knobloch-Westerwick, 
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2017; Rea, 2015; Shaffer et al., 2013). Although summarized, these exemplars provide a 

small glimpse into the reasons why ethnically minority women are more likely to leave 

STEM. 

 Guy and Boards’ (2019) research underscored the lack of ethnically minority 

women in STEM higher education programs as an economic loss, which they linked to a 

lack of scientific innovations. Again, this view connects the shortcomings of a 

homogeneous workforce to a lack of innovation and the risk of the U.S. not competing 

globally (Perna et al., 2010; Schultz et al., 2011; Wilson et al., 2018). Blackburn’s (2017) 

research further recognized that “women role models strengthen young women’s 

mathematics attitudes and self-concepts,” thereby increasing a “sense of belonging” (p. 

241). For ethnically minority women, a “positive racial climate significantly correlates to 

a sense of belonging” (Blackburn, 2017, p. 243). According to Blackburn (2017), having 

a mentor who looks like the student and understands the struggles the student faces 

increases the student’s self-efficacy and “persistence in a STEM program of study” 

(p. 242). 

However, the need for more gender diverse faculty to serve as mentors will persist 

because, statistically, the percentage of women faculty from URGs in STEM remains low 

(McGee & Bentley, 2017, p. 266). Understanding the barriers women from URGs face 

provides valuable insight, including women’s continued need to connect with faculty 

members who look like them, when such women are often not available in higher 

education (Figure 10) (Guy & Boards, 2019). Moreover, other types of mentorships with 

non-STEM faculty from URGs may also serve to build connections for student success. 
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Thus, the research conducted for this dissertation contributes to the scholarship of 

improving STEM education for students from URGs.  

Faculty Interactions and Mentorship 

Scholarly studies have further recognized the role faculty play in building both 

skill sets and self-efficacy for STEM students, as they are the first leaders students 

encounter and often the ones responsible for helping students achieve these outcomes 

(Drury, 2005; Noland & Richards, 2015). The general assumption in IHEs is that if 

students need assistance, they will turn to the instructor for support. The literature has 

suggested, however, that students from URGs are not inclined to approach the instructor 

for help, especially in large lecture halls and when the faculty member is not of the same 

ethnicity (Ashworth & Evans, 2001; Carell et al., 2010; Rask & Bailey, 2002). Unless an 

instructor builds trust with students, students from URGs will find other solutions to 

address academic challenges, including dropping out of their STEM program of study 

altogether (Bowman, 2005; Noland & Richards, 2015).  

Trust is increasingly seen as critical for students from URGs because they often 

do not have faculty who look like them and whom they can turn to for guidance or 

mentorship. Moreover, research has indicated that students from URGs are unlikely to 

trust a faculty member who is of a non-URG ethnicity, so these students have a hard time 

reaching out to faculty for assistance (Ashworth & Evans, 2001; Carell et al., 2010; 

Espinosa, 2011; Rask & Bailey, 2002). In 2018, as shown in Figure 10, the U.S. 

Department of Education (2018-2019) reported that only 11% of instructional faculty 

represented URG ethnicities. 
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Figure 10. Demographics of higher education instructional faculty from 2015 to 2018. 

Underrepresented groups (URGs) include Hispanic American, African American, and 

Native American race/ethnicities. Data source: U.S. Department of Education (2018-

2019). *Percentage of higher education faculty from URGs by year. 

As consistently noted in the SBP literature, students identify the importance of 

making connections with faculty members during the summer and having them serve as 

mentors once the first semester begins (Tomasko et al., 2016). When SBPs encourage 

first-year instructors to take part in the summer session, students from URGs are more 

likely to interact with faculty and connect with at least one who may serve as a mentor. 

Additionally, students attending SBPs recognize that the program faculty are there to help 

them understand difficult content and assist students in self-correcting habits learned in 

high school (Bain, 2011; Tomasko et al., 2016). Some studies have demonstrated that 

when faculty support students through mistakes in a safe environment, such as an SBP, 
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students can build skills that increase efficacy and connections with the faculty (King & 

Masterson, 2011; Tomasko et al., 2016). 

Modern Communications: Texting with SBP Participants 

Linked to the sense of belonging is the connection students build with faculty and 

SBP camp participants using modern communication tools such as texting. Recently, 

such tools have transformed the process of integrating into university life. Students’ 

social interactions are more likely to be mediated by mobile phones than any other form 

of communication, such as email or Internet-based platforms (Harley et al., 2007). Yet, in 

the academic sphere, universities are actively encouraging the use of “Internet-based 

forms of communication” such as email and Blackboard, which are standard tools and 

managed virtual learning environments (Harley et al., 2007, p. 231). Even with continual 

growth in technology, IHEs maintain outdated communication methods, such as email, as 

the standard mode for relaying information to and connecting with college students 

(McCarthy, 2016). As evidenced in research, today’s students “do not open email, which 

means they miss key information sent by faculty” (McCarthy, 2016, p. 6). Using this 

antiquated form of technology to communicate or connect with students persists across 

higher education.  

For today’s college students, SMS text messaging remains the “preferred medium 

for receiving information” from faculty or administrators (Harley et al., 2007, p. 231; 

Rust, 2018). Today’s students “do not know a world without the Internet,” which means 

that they are comfortable interacting mostly in the digital world (Chicca & Shellenbarger, 

2018, p. 181). Studies on the use of technology have shown that college students prefer 
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texting to emails because emails often require students to log into email accounts (Burke, 

2019; Chicca & Shellenbarger, 2018), while they can respond quickly to a text. 

Moreover, students use smartphones and texting in their everyday lives. Recent studies 

indicate that 99% of students have cell phones, 86% own smartphones, and they spend an 

average of 9 hours a day on these devices (Burke, 2019, p. 4; Jesse, 2015, p. 1; Rust, 

2018, p. 222). Researchers have encouraged faculty to implement their “pedagogical 

responsibility by meeting students where they are—on their smartphones” and engaging 

“them in meaningful dialogue” (Rust, 2018, p. 222; McCarthy, 2016, p. 6). 

Furthermore, Rust (2018) found that compared to other modes of communication 

such as email, “texting enables access to information quickly, and more importantly, 

messages are often acted upon immediately” (p. 222). Some higher education 

administrators and faculty use texting to “nudge” students to make educated decisions 

promptly and avoid negative consequences (Rust, 2018, p. 222). For example, an IHE in 

Dallas, Texas, sent text messages to remind students of outstanding registration tasks and 

noted an increase in enrollment of low-income students by more than four percentage 

points (Burke, 2019). Texting can further serve to inform students, to remain connected 

to them, and to “positively impact student behaviors” (Rust, 2018, p. 222). 

Although research has noted the positive aspects of texting, it has also identified 

three critical points related to apprehension felt by both faculty and students towards use 

of modern technology. First, faculty do not want to give out their mobile phone numbers 

(Harley et al., 2007; Rust, 2018). Some studies have explained that using apps or tools 

such as Google Voice and setting ground rules with students can alleviate this concern 
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(Harley et al., 2007; Rust, 2018). A second trepidation connects to the cost of texting 

using mobile phones (Harley et al., 2007). Rust’s (2018) data showed that most students 

have free texting plans. However, IHEs may need to purchase app licenses for their staff 

to minimize costs (Harley et al., 2007). The last concern stems from faculty who 

described feeling “uncomfortable with the informality that texting brings” (Rust, 2018, 

p. 222). To remedy this uneasiness, faculty have continued to write in a formal language 

pattern, avoided slang and abbreviations, and signed the text with their formal academic 

title (Rust, 2018, p. 222). Research shows that “using texting sensibly and sparingly led 

students to view it positively” (Harley et al., 2007, p. 237). 

Integral to the success of students from URGs are the connections built between 

peers, mentors, and faculty as they facilitate a student’s sense of belonging, which can be 

achieved through texting communication. According to Rust’s (2018) research, students 

from URGs “text at even higher rates” than students from non-URGs and faculty can 

send “text message reminders” that “help during periods of disengagement such as during 

breaks or holidays” (Rust, 2018, p. 223). The connection built with students using texting 

also aids in helping faculty “connect with students who need the most help, such as those 

failing classes” (Rust, 2018, p. 223). Today’s technological tools provide ample methods 

of communication that enable information sharing. IHEs that embrace this change further 

the possibility of changing “formal education conventional social norms” and improving 

retention (Burke, 2019, p. 5). 
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Conclusion 

Educational perspectives and approaches to STEM education have changed 

considerably over the past decades, primarily due to critical historical events. Federal 

policies and funding have been developed to improve and increase student throughput in 

STEM. However, the United States is still left with a gap in meeting workforce 

requirements within STEM fields and improving the ways in which IHEs recruit and 

retain students in a STEM program of study. Thus, there remains a critical need to fill 

vacancies in technologically advanced positions. 

This dissertation addressed the use of SBPs as an intervention for this problem. 

More specifically, this research focused on identifying how SBP interventions prepare 

students from URGs to succeed in a STEM program of study by bridging the gap from 

high school to college (Ashley et al., 2017; Carell et al., 2010; Tomasko et al., 2016). 

Grounded in the existing literature, the researcher can further understand the social facets 

and experiences of students from URGs in the STEM SBP that influence their transition 

to college during their first semester. This research is critical to the STEM community 

and to IHEs, as the insight gleaned from this study can contribute to broader efforts of 

student retention and diversity within STEM. The next chapter describes the 

methodology used for this study. 
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CHAPTER 3 

Using Creswell and Creswell’s (2018) design elements of a convergent mixed-

methods approach, this study evaluated whether a science, technology, engineering, and 

mathematics (STEM) summer bridge program (SBP) impacted students from 

underrepresented groups (URGs) transitioning into their first semester of college at a 

large public research institution in the mid-Atlantic region of the United States. The 

researcher used the outcomes of a pilot study conducted in 2018 to guide the strategic 

data collection method. To gain insight into the STEM SBP intervention (Creswell & 

Plano Clark, 2018; Terrell, 2016), the researcher “collected diverse types of data” in 

parallel, which “provided a complete understanding of the research problem” (Creswell 

& Creswell, 2018, p. 17). Table 3 outlines the data collection method and the 

corresponding question it served to answer. Each data set was first analyzed individually 

and then the sets were combined to answer the main research question and the 

subquestions (Creswell & Creswell, 2018; Terrell, 2016).  

Table 3 

Mixed Methods Data Collection  

Data type 
Question  

answered Data collection method 
Quantitative 1 

2 
3 
4 

General Self-Efficacy instrument 
End-of-STEM SBP survey 
STEM Semantics Instrument 
End of first semester survey 

Qualitative 1–4 Face-to-face interviews, focus groups, text check-ins, observations, 

and researcher’s field notes 
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Figure 11 illustrates the convergent parallel mixed-methods approach used in this 

study (Creswell & Creswell, 2018; Johnson & Christensen, 2017). More specifically, this 

study collected data based on the philosophical framework of Bandura’s (1997) self-

efficacy theory, Tinto’s (1993) retention theory, and Bruner’s (1997) theory of 

constructivism. Validated instruments implemented in this study assessed Tinto’s (1993) 

retention theory and Bandura’s (1997) self-efficacy theory. Qualitative data collected 

through interviews, focus groups, observations, field notes, and texts between the 

researcher and the participants further assessed all three theories. Merging and analyzing 

both data sets provided greater depth in addressing the research questions and exploring 

the impact of the STEM SBP intervention for students from URGs participating in this 

study.  
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Figure 11. The convergent mixed-methods research design. This design was used to 

understand the impact of a STEM summer bridge program on the transition of 

underrepresented groups into a STEM program of study during their first semester in 

college.  
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One major research question guided this study: How does a STEM SBP impact 

students from URGs during their transition into the first semester of college? The main 

research question was supported by four subquestions: 

1.  How is the self-efficacy of students from URGs impacted after completing a 

STEM SBP? 

2.  How does a STEM SBP support students from URGs’ academic and social 

integration? 

3.  How are the sense of belonging and interest in STEM for students from URGs 

influenced following participation in a STEM SBP?  

4.  What experiences contributed to the IHE’s retention of students from URGs in a 

STEM program of study through their first semester? 

This chapter begins by reviewing the philosophical framework used in this study 

and the study setting and briefly discussing the pilot study conducted in 2018, as it 

informed the design of this study. It then presents the study’s mixed-methods approach 

and describes procedures implemented for participant recruitment, data collection, and 

data analysis. The chapter concludes by discussing the researcher’s positionality, ethical 

considerations, validation strategies, and assumptions. 

Philosophical Framework 

While the SBP literature is limited, the theoretical framework that serves as the 

foundational pillars of the metaphorical bridge (Figure 7) discussed in Chapter 2 centers 

on confidence building, linked to Tinto’s (1993) retention theory, and student 

engagement and efficacy, which connects to both Bandura’s (1997) self-efficacy theory 
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and Bruner’s (1997) constructivism theory. The literature on student endurance in higher 

education indicates that programs that effectively retain students “do not leave learning to 

chance” (Tinto, 1993, p. 147). Instead, these programs create learning environments that 

build student knowledge (Tinto, 1993) by encouraging students to develop academic 

skills. Moreover, the results of the 2018 pilot study conducted at this large public 

research institution in the mid-Atlantic region of the United States (Guzman et al., 

manuscript in preparation) provided valuable insight, indicating a connection between 

building academic and social connections and retention. Successful retention of students 

from URGs in STEM resulted from having STEM SBP participants actively engage in 

the lessons, having faculty and learning assistants work with the STEM SBP students to 

construct learning, and providing guidance to resolve nonacademic concerns, including 

social ones (Guzman et al., manuscript in preparation).  

Retention Theory 

Tinto’s (1993) theory established the foundational framework for this study as his 

chief principles outline the need for institutions to “commit to the students they serve” by 

“developing their social and intellectual communities” (pp. 148-152). In his seminal 

work, Tinto (1993) outlined principles on institutional retention that remain critical to 

successfully retaining students from URGs in STEM. While there are three overarching 

principles, they are broad in scope and are described in the paragraphs that follow.  

The first principle focuses on institutions of higher education (IHEs) committing 

to students and their welfare, primarily when addressing long-term student retention 

(Tinto, 1993, p. 146). Courses that “weed out” students (Loshbaugh et al., 2006; Mervis, 
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2011; Park, Williams, et al., 2019) fail this institutional commitment. As Tinto (1993) 

explained, this commitment should include exposing students to the institution’s 

academic demands and providing resources that aid students in attaining success. SBPs 

achieve this principle by building foundational academic skills, developing experiences 

that mimic real coursework, teaching lessons that improve math skills, and identifying 

resources that enable students to address nonacademic issues (Tinto, 1993). IHEs that are 

student centered rather than institution centered extend a sense of community that 

establishes values and inspires students to commit to those institutions through 

persistence (Tinto, 1993). Exposing students to academic and university resources during 

the SBP begins to build the pillars of the metaphorical bridge as students recognize that 

faculty’s priority is the student’s success (Guzman et al., manuscript in preparation). 

Moreover, students then take the knowledge gained in the SBP and implement it when 

the semester begins (Guzman et al., manuscript in preparation).  

The second principle, which is linked to the first, is that IHEs should address 

students’ social and intellectual communities that build their sense of belonging to the 

university (Tinto, 1993). While every student experiences some type of reaction when 

transitioning into higher education, Tinto’s (1993) seminal work identified that the way 

students cope with the transition can be a “deciding factor in whether students voluntarily 

withdraw from college very early in their first academic year” (p. 98). Scholarly research 

(Ashley et al., 2017; Kitchen et al., 2018; Stolle-McAllister, 2011; Strayhorn, 2012; 

Wathington et al., 2016) has maintained that there is a need for institutions of higher 

education to encourage students’ social membership by helping students build 
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community or connections with fellow students. According to Tinto (1993), without 

external assistance, most students will fail to “learn the ropes of college life on their own” 

and thus leave altogether (p. 99). Tinto (1993) further asserted that students must “locate 

at least one community in which to find membership” to build their sense of belonging 

and persist in their program of study (p. 105).  

Tinto (1993) strongly encouraged IHEs to “employ faculty and peer mentor 

programs” that support students and encourage faculty and mentors to remain actively 

involved in daily “interactions among their community” (p. 148). Tinto (1993) asserted 

that role models serve as effective social support for all students, but they are especially 

important to the success and retention of students from URGs in higher education. Tinto 

further explained that having “like-person role models who have successfully navigated 

the waters of majority institutions appears to be an especially important component to the 

student’s own success” (p. 186). However, as noted in Chapter 2, the lack of “like-

person” faculty role models (Figure 10) in higher education continues to challenge IHEs 

and, thus, connections made with faculty, peers, or others from SBPs can carry into the 

first semester, which for students of color may prove significant (Tinto, 1993, p. 186).  

Tinto’s (1993) third principle centers on “committing to the education of all, not 

just some of their students” (p. 146). To attain this goal, Tinto (1993) recommended that 

IHEs commit to developing settings that integrate an engaging pedagogy that “does not 

leave learning to chance” (p. 147). IHE programs that retain students pay particular 

attention to active rather than passive learning and ensure students possess the skills 

needed to meet higher education academic demands effectively (Tinto, 1993). Such 
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efforts are critical during the first year of college for any student (Tinto, 1993), but even 

more so for students from URGs, as many come into their STEM program of study 

lacking confidence (Castro, 2014; Kitchen et al., 2018; Murphy et al., 2010; Taningco et 

al., 2008; Tsui, 2007). IHEs that continually monitor student learning and provide 

feedback to support students not only promote learning, but also increase students’ self-

efficacy and, thus, retention (Bandura, 1997). One caveat is that IHEs often attempt to 

meet this principle through mid-term reports (Tinto, 1993). However, IHEs must further 

extend the concept of monitoring student learning if they are to “alter student learning 

behaviors” (Tinto, 1993, p. 147).  

SBPs that implement Tinto’s (1993) retention principles improve student success 

during the first year of school and increase the likelihood that students remain for the 

duration of their undergraduate degree (Ashley et al., 2017). 

Self-Efficacy Theory 

Since confidence building is one of the pillars in the metaphorical bridge, the 

theoretical framework includes Bandura’s (1997) seminal work on building self-efficacy. 

Self-efficacy is a critical component to “improving performance,” “increasing student 

success” (Bandura, 1997, pp. 14-15), and sustaining student perseverance. According to 

Bandura (1997), students who “overcome obstacles through perseverance establish a 

resilient sense of self-efficacy” (pp. 71-72). Students in SBPs garner insight from 

overcoming challenges encountered while participating in the SBP, which builds their 

confidence. As Bandura (1997) noted, adapting to new changes or routines, especially 

during transitional phases, can diminish self-efficacy. Through their transition to a new 
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and different set of secure routines, students can “learn new ways of doing things,” build 

self-efficacy, and better address coursework when they begin their first semester and the 

work produced is graded (Bandura, 1997, p. 512). 

Bandura (1997) explained that social modeling is another way for students to 

garner knowledge as they see other people like themselves succeed. According to this 

theory, the opposite is also true, as students can also learn to model failures that lead to 

lower self-efficacy (Bandura, 1997). Social modeling can also occur, for example, in 

SBPs that include student-centric curricula that provide students with strategies for 

forming study groups and learning from each other; when students observe peers 

practicing competencies such as problem-solving, they learn new ways to approach class 

work (Bandura, 1997). As noted in the pilot study (Guzman et al., manuscript in 

preparation), students attending SBPs can make connections with classmates and support 

each other with encouragement, peer instruction, and social support.  

Theory of Constructivism  

Based on the theory of constructivism, the last element in the theoretical 

framework stipulates that individuals’ culture influences their minds and beliefs (Bruner, 

1997). Bruner (2002) asserted that individuals learn by constructing their knowledge 

based on their actual experiences. One “adapts to one’s environments in terms of what 

things, acts, events, signs are taken to mean,” and these “meanings then infuse one’s 

perceptions and thought processes” (Bruner, 1997, p. 164). The SBP studied in this 

research carefully planned out the week’s events so that students could adapt to the new 
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college environment, while also providing group learning activities that imparted positive 

STEM cultural experiences and connections to the lesson. 

Bruner’s (1997) research provides an important component in the curriculum for 

SBPs: a focus on actively engaging students in their learning. Similar to Tinto (1993), 

Bruner (1997) argued that constructing one’s own knowledge requires active rather than 

passive participation in the curriculum. According to King and Masterson (2011), SBPs 

that effectively introduce active learning into the curriculum, such as peer instruction or 

group projects, successfully retain students in a STEM program of study through their 

first semester. By incorporating active learning heuristic methods, faculty participating in 

SBPs purposely build lessons that enable the assimilation of student experiences through 

problem-solving and group activities which can then create knowledge (Prince, 2004).  

Research Setting 

This study was conducted at a large public research university in the mid-Atlantic 

region of the United States in 2019. In 2013, this university established an SBP to 

increase recruitment and retention of incoming STEM students, including students from 

URGs. Initially, this university designed the SBP for biology students, but since 2014, it 

has opened the program to all students entering a STEM program of study. 

During the 2019 SBP program, students followed one of two curriculum tracks: 

(1) biology and chemistry or (2) math, physics, and engineering. The schedule included 

the following activities for both tracks:  

• A student and parent orientation was conducted on the first day, and all students 

were grouped together to learn about the goals of the program and ask questions. 
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During this orientation, the researcher briefly introduced the study, invited 

students to participate, and answered parents’ questions pertaining to the research 

and data collection methods.  

• Check-in sessions occurred every morning prior to the start of classes. 

• Team-building activities occurred throughout the day as students from both tracks 

came together to interact and get to know each other. For example, the STEM 

SBP included a STEM challenge where students were grouped into teams, 

assigned a real-world problem, and given time to collaborate and collected data to 

solve the problem. Students then presented their findings at the end of camp. 

• Additional activities included learning to navigate the campus and manage 

transitions between classes and facilities on campus. 

• Resource sessions were interspersed throughout both tracks so that students would 

be introduced to campus resources, support tools, and programs that could assist 

them as they transitioned into their first semester. 

Pilot Study 

The university where the SBP dissertation research occurred is the same 

institution used for the pilot study (Guzman et al., manuscript in preparation). In summer 

2018, the researcher collaborated with the university’s STEM program director to 

conduct a pilot study (Guzman et al., manuscript in preparation) to gain a better 

understanding of the intervention program. The study received institutional review board 

(IRB) approval that was extended to 2020. Prior to implementation, this study was 

presented at the DC Consortium Student Conference on Evaluation and Policy, where 
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faculty and colleagues provided recommendations that improved the pilot study design 

(Guzman et al., manuscript in preparation; Newcomer et al., 2015).  

The pilot study provided insight and further defined the research design for this 

dissertation study. The validated quantitative questionnaires proved beneficial in 

identifying participants’ STEM interest and self-efficacy, while the qualitative data 

provided insight on the connections between the theoretical framework, the program, and 

the student experience. These lessons learned from the pilot, which are discussed in the 

next section, further guided the improvement of the research for this dissertation study.  

Pilot Design 

The pilot design centered around a convergent mixed methodology that provided 

an understanding of how students from URGs in a STEM program of study were 

impacted by the SBP intervention. As a result of the pilot study, the researcher found that 

using only one method of data collection was not sufficient to gain insight into the 

participants’ perspectives (Guzman et al., manuscript in preparation). For example, the 

collected quantitative data provided insight into whether self-efficacy and interest in 

STEM existed or increased but did not provide the researcher with an understanding of 

why this phenomenon occurred. Therefore, after conducting the pilot study, the 

researcher determined that the use of narrative inquiry to collect more insightful 

qualitative data would allow participants to tell their stories (Clandinin, 2006) and 

elaborate on what aspects of the intervention led to their increase in self-efficacy 

(Guzman et al., manuscript in preparation). Further, using a mixed-methods design 

allowed the researcher to integrate quantitative and qualitative data collected through a 
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theoretical framework that explains in further detail the experiences of students from 

URGs within the academic and social context of the SBP (Creswell & Plano Clark, 

2018). 

Pilot Participants 

In the 2018 STEM SBP pilot, 48 students attended and completed the weeklong 

SBP. The researchers collected signed consent forms from 36 students who agreed to 

participate in the study. The remaining 12 students were underage and did not have 

parents attending the STEM orientation, as they had registered for the math camp as well 

and completed orientation during math camp. Thus, the researcher could not collect 

consent forms from the parents.  

Demographic data indicated that 45% of the participating students were women; 

84% graduated from high schools located within Virginia, Maryland, and Washington, 

DC; 70% identified as students from URGs; and 23% self-identified as first-generation 

students (Guzman et al., manuscript in preparation). Understanding the demographics 

from the pilot study enabled the researcher to plan for the 2019 STEM SBP recruitment 

by making sure to collect parental permission slips for underage participants as early as 

possible. The researcher also learned to work with students who traveled from out of 

state, including answering parent questions and securing consent forms while parents 

were on site.  

Pilot Findings 

 The quantitative results for the 2018 pilot study are outlined in Table 4. A paired 

samples t-test was conducted with the General Self-Efficacy (GSE) and STEM Semantics 
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pre- and post-tests. To reiterate, the GSE measured self-efficacy, while the STEM 

Semantics measured students’ interest in STEM. There were three statistically significant 

findings that connected with the themes in the quantitative data (Table 5). The STEM 

Semantics results indicated that students’ interest in science, math, and technology 

increased after the SBP (intervention) concluded.  

Table 4 

Overview of Quantitative Data Results from the 2018 Pilot Study (n = 36) 

Instrument Test Mean SD SE t df Sig. 

General Self-Efficacy Pre 32.02 7.07 1.17 -1.425 35 .163 

 Post 33.61 3.75 .62    

STEM Semantics—Science Pre 5.30 .066 .11 -6.977 35 <.001* 

 Post 6.24 1.06 .17    

STEM Semantics—Math Pre 5.12 1.22 .20 -6.537 35 <.001* 

 Post 5.94 1.02 .17    

STEM Semantics—Engineering Pre 5.48 1.39 .23 -1.431 35 .161 

 Post 5.71 1.39 .23    

STEM Semantics—Technology Pre 6.32 .78 .13 2.136 35 .040** 

 Post 6.09 1.13 .18    

STEM Semantics—Career Pre 6.71 .68 .11 1.215 35 .233 

 Post 6.57 .77 .12    

*p < .01. **p < .05. 
 

 

 

The qualitative data collected during the pilot further validated a connection to the 

foundational pillars of the metaphorical bridge. The data were openly coded three times 

to pull out themes that were then categorized into three main topics: College Readiness, 

Self-Efficacy and STEM Interest, and Connections. Listed below the main three topic 

areas were the coded subcategories. The researcher included the pillars, as they 

corresponded to the established subcodes within larger themes (Table 5).   
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Table 5 

Overview of Qualitative Data Results from the 2018 Pilot Study (n = 36) 

 

College Readiness 

Self-Efficacy  

and STEM Interest Connections 

• Establishing competence by 

reviewing and building 

foundational skills (Foundational 

Preparation) 

• Establishing membership in the 

community by building 

relationships 

• Experiencing college life and 

campus navigation (Academic 

and Campus Resources and Sense 

of Belonging) 

• Being exposed to academic 

demands (included practice labs 

and lectures; time management; 

exposure to resources and tools) 

(Academic and Campus 

Resources; Foundational 

Preparation and Confidence 

Building) 

• Faculty 

observation of 

students’ 

confidence & 

self-efficacy 

(Confidence 

Building) 

• Students’ STEM 

interest (finding 

the right fit) 

(Sense of 

Belonging) 

• Establishing social 

communities 

(Social Connections) 

• Establishing 

mentorships 

(Faculty and Peer 

Mentorships) 

• Connecting to the 

modernized STEM 

curriculum 

(Foundational 

Preparation and 

Confidence Building) 

• Peer instruction 

(Faculty and Peer 

Mentorships) 

Note: Data pulled from the pilot conducted in 2018 (Guzman et al., manuscript in preparation). 

Italicized text identifies the pillars within the STEM SBP model (Ashley et al., 2017). 
 

 

Mixed-Methods Research Design 

Gleaning insight from the pilot, the rest of this chapter focuses on the 2019 STEM 

SBP study conducted for this dissertation.  

Although previous SBP studies have primarily used quantitative data to evaluate 

programs (White et al., 2008), the researcher chose to use the same mixed-methods 

approach used in the 2018 pilot. Integrating qualitative data such as interviews, 

observations, and focus groups enabled the researcher to triangulate data (Guion et al., 
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2001; Yin, 2015), which establishes a deeper understanding of the quantitative data 

collected (Fielding, 2012; Leavy, 2017). Triangulation included member checking and 

further improved credibility for this study (Denzin, 1978; Yin, 2015). 

Mertens and Wilson (2012) asserted that qualitative data collection leads the 

researcher to “uncover hidden meanings” in the data collected by establishing “a 

prolonged experience with the participants” (p. 136). Furthermore, Creswell and Plano 

Clark (2018) argued that utilizing a mixed-methods approach “provides strengths that 

offset the weaknesses of both quantitative and qualitative research” (p. 12). Since the 

pilot indicated a statistically significant result with the pre- and post-tests, these survey 

instruments were retained for the 2019 study. Moreover, the qualitative data further 

informed the results of the study by producing findings based on a narrative of the 

participants’ experiences in the STEM SBP that enabled the researcher to collect answers 

to the research questions (Peshkin, 2000). 

Participant Sampling and Recruitment 

According to Leavy (2017), “participants should be identified and recruited in 

accord with the research purpose and research questions” (p. 148). Thus, the researcher 

planned to recruit as many participants as possible as a means of collecting rich data that 

would provide answers to the research questions (Leavy, 2017). Moreover, this IHE 

purposefully targeted recruitment of students from underrepresented groups (URGs) to 

participate in their 2019 STEM SBP.  

Participants for this study were recruited prior to the start of the 2019 STEM SBP 

at this large public research institution in the mid-Atlantic region of the United States. 
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The researcher provided information about the study to both parents and students and 

answered questions pertaining to the study prior to recruitment. From the 39 students 

enrolled in this university’s 2019 STEM SBP, 38 students attended and completed the 

2019 STEM SBP. Of the 38 STEM SBP participants, 31 signed the approved institutional 

review board permission forms, thus agreeing to participate in this research study. Table 6 

summarizes the participants’ demographic data. The demographic data for the sample used 

in this study is presented in Chapter 4.  

Table 6 

Demographic Data for the 31 STEM SBP Participants Who Began the Study on Day 1 

Variable Group Number Percentage 

Gender Female 15 48% 

Male 16 52% 

Race/ethnicity African American/Black 11 35% 

Asian/Pacific Islander 4 13% 

Caucasian/White 5 16% 

Hispanic/Latino 10 32% 

Native American 1 3% 

Average high 

school GPA 

Female 3.89  

Male 3.71  

All students 3.80  

First-generation Female 

Male 

4 

4 

13% 

13% 

Location of high 

school attended 

Local (VA, 27; DC, 1) 

Out of state (NY, MA, TX) 

28 

3 

90% 

10% 

SAT scores  Study average 

URG average 

Non-URG average 

1256 

1216 

1287 

*78% 

*76% 

*80% 

Groups URG  

Non-URG  

22 

9 

71% 

29% 

Ages 17 

18 

19 

21 

5 

17 

8 

1 

16% 

55% 

26% 

3% 
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*This percentage is linked to the national average based on a total possible score of 1600. 

 

In this study, the researcher used purposeful sampling, which according to 

Creswell and Plano Clark (2018) works best when individual “membership in subgroups 

can provide insight of the phenomenon being studied” (p. 174). For this study, the 

subgroups included students from URGs. Although all students attending the 2019 STEM 

SBP, including those from the non-URGs, were included in the entire population (N = 

31) of data collection, only a sample (n = 11) was retained. This sample of students from 

URGs who participated in the entire study.  

Quantitative and Qualitative Sample Population 

The primary goal was to recruit students from URGs for this study; however, all 

students were welcome to participate in the study. As noted earlier, participants were 

classified as either students from URGs or non-URGs. Due to student attrition, the 

sample size for the students from URGs remained at 11 participants. Students were 

tracked to determine participation in each of the assessments throughout the duration of 

the study.  

For the collection of qualitative data, the researcher used “a sample chosen on 

purpose because those sampled meet specific criteria” to represent the population 

(Terrell, 2016, p. 75). The specific criteria for selection included a self-identified 

ethnicity of Hispanic American, African American, or Native American. Although a 

write-in box allowed students to self-identify multiple ethnicities, it was primarily the 

students from non-URGs who listed multiple ethnicities. A large amount of qualitative 
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data was collected. Therefore, the researcher further delineated the sample population 

based on those students who met the following requirements:  

1.  Student participated in two of the face-to-face interviews (pre- and post-STEM 

SBP). 

2.  Student engaged in texting with the researcher by responding three or more times 

during the study. 

3.  Student participated in the focus group held during the STEM SBP and attended 

at least one of the three focus group sessions held after the STEM SBP concluded.  

Based on these criteria, the same size was 11 (Table 7). None of the students from non-

URGs met all required criteria.  

Data Collection 

Data collected for this dissertation consisted of quantitative assessments created in 

Survey Monkey and qualitative data collected using classroom and student observations; 

student interviews and focus groups composed of both URG and non-URG participants; 

texting communications; and the researcher’s field notes. These data collection points 

obtained responses from participants using both open- and close-ended question sets. The 

convergent design required that data collection occur in parallel, which included asking 

both quantitative and qualitative questions that address similar concepts (Creswell & 

Plano Clark, 2018). Each data collection method served to provide answers to the 

research question and allowed the researcher to gain an understanding of how the STEM 

SBP impacts students from URGs and their continuation into the first semester in a 
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STEM program of study at a large public research institution in the mid-Atlantic region 

of the United States.  
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Quantitative Data Collection Instruments 

 Two survey instruments were used to collect quantitative data in this study: 

Schwarzer and Jerusalem’s (1995) General Self-Efficacy Assessment and Tyler-Wood et 

al.’s (2010) STEM Semantics Assessment. 

General Self-Efficacy Assessment. The General Self-Efficacy Assessment 

(Appendix B) developed by Schwarzer and Jerusalem (1995) serves to assess self-

efficacy as it correlates to emotion, optimism, and work satisfaction. The scales used in 

this 10-item instrument are on a 4-point Likert-type scale, where 1 indicates not at all 

true, 2, hardly true; 3, moderately true; and 4, exactly true. The General Self-Efficacy 

Assessment assesses individualized confidence levels specific to higher education. This 

measure has a Cronbach’s alpha of 0.88 to 0.93, indicating that the internal reliability is 

very good to excellent (Schwarzer & Jerusalem, 1995). 

STEM Semantics Assessment. The second instrument, the STEM Semantics 

survey (Appendix C), created by Tyler-Wood, Knezek, and Christensen (2010), serves to 

identify students’ interest in STEM fields and careers. The scales used for this five-part, 

Likert-scale questionnaire range from 1, indicating means nothing, to 7, indicating means 

a lot, to assess students’ feelings towards STEM interests and careers. This survey’s 

subscales have a Cronbach’s alpha of 0.85 to 0.95, indicating the internal reliability of 

these scales is very good to excellent (Tyler-Wood et al., 2010). 

Instrument Implementation. After collecting the consent forms during 

orientation, the researcher implemented the first survey to the students from URGs and 

non-URGs participating in the 2019 STEM SBP. Students used their cell phones to log 
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online and complete the pretest. At the end of the SBP, the participants were asked to 

complete a posttest, again using their cell phones. Additionally, the researcher 

implemented surveys at the conclusion of the SBP; midway through the first semester; 

and at the end of the participants’ first academic semester in a STEM program of study 

(January 2020).  

Qualitative Data Collection 

The qualitative data were collected using the narrative inquiry methodology, 

which allowed the researcher to gather insight from the experiences participants 

described as they told personal stories about their STEM career goals and their lived 

experiences within the STEM SBP (Clandinin, 2006). The researcher chose this method 

of inquiry as it is grounded in Bruner’s (2002) constructivist epistemology, which 

provides insight on how students make meaning of their lived experiences in a larger 

social context. Narrative inquiry for this dissertation involved several methods of data 

collection: 

• Semi-structured interviews: Interviews were conducted with the students enrolled 

in the SBP midway through the STEM SBP using the protocol approved by the 

institutional review board and including questions pertaining to the impact the 

SBP had on students from URGs. To ensure the participants’ schedule was not 

interrupted, the researcher, along with her committee members and fellow 

doctoral students, conducted interviews during the SBP. The researcher then 

served as the interviewer for all the post-semester interviews.  
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• Focus groups: The focus group held during the STEM SBP hosted 17 students, 

and the focus groups held in the first semester (October and December 2019) had 

both students from URGs (8) and non-URGs (2) in each session. The November 

session was held as a virtual activity, where students were able to check in with 

the researcher online. This allowed students and the researcher to ask questions. A 

total of 24 participants logged in and provide responses to the following prompts:  

o The good, the bad, and the ugly: Please take some time to describe how 

your first semester is going to date. I welcome you to be brutally honest! 

Further, data collected shall be anonymous and culled out in themes.  

o Do you still feel confident about completing the semester? Why?  

o Do you see yourself returning to this university next semester? Why? 

o  Did you connect with faculty and learning assistants, and were they 

approachable? How did you connect with faculty and learning assistants?  

• Observations: The researcher conducted multiple student observations within 

STEM SBP activities. At least one observation was implemented in each of the 

STEM courses. The researcher concluded each session by journaling about the 

observations. 

•  Texts: The researcher reached out to all the study participants on Day 2 of the 

STEM SBP intervention. The response rate was high, as 28 of the 31 participants 

in the study responded quickly to the researcher’s texts. Students also texted the 

researcher throughout the first semester asking questions. A total of 19 texts were 

sent by the researcher to the students between August 2019 and January 2021. 
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While the study lasted through participants’ first semester, the participants and 

researcher built a communication connection that continued via texts.  

• Field notes: Notes were taken by the researcher during and after observations, 

interviews, and focus groups to document anything that could be relevant to this 

study’s research questions and to reflect on the events (Johnson & Christensen, 

2017). These notes were then transcribed and coded along with the other 

qualitative data.  

• Open-ended questions in pre- and post-tests: The pre- and post-tests included 

open-ended evaluation questions about the SBP that were added to the qualitative 

data. 

The researcher informed all participants during each connection point that they 

could withdraw from the study at any time to be sure that participants were aware of this 

option. In addition, the researcher offered an incentive for participation during the 

semester: a pizza party was provided for the three focus groups, and funds were provided 

for students to have lunch or dinner after their individual interviews. 

Data Analysis 

Quantitative and qualitative study data were first analyzed independent of each 

other and then combined to provide full contextual responses to each of the subquestions. 

Finally, all data were combined to answer the main research question.  
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Quantitative Data Analysis 

For the validated questionnaires, the researcher began analysis by cleaning the 

data, which included deleting duplicate entries, as students sometimes took the 

assessment twice to make sure it was submitted, identifying unusable data and deleting it, 

removing student names or identifiers, and highlighting missing data points. These 

missing data points produced outliers that needed to be addressed in Chapter 4 prior to 

conducting any analysis. Pre- and post-tests were divided by assessment, and data were 

scored according to the validated instrument instructions. Statistical Package for Social 

Sciences (SPSS) version 27 was used to compute Cronbach’s alphas and paired t tests for 

both instruments. Data were reviewed for statistical trends or anomalies using scatterplots 

and SPSS data outputs, as discussed further in Chapter 4. 

Qualitative Data Analysis 

The researcher followed Creswell and Creswell’s (2018) validated coding 

methodology to analyze the qualitative data (Figure 12). First, data were collected and 

cleaned to deidentify the student’s and interviewer’s personal information. The first set of 

interviews was conducted during the SBP while the participants had a short break in their 

schedule. Due to the limited time, the researcher recruited two faculty members and two 

doctoral students to assist her with the first round of face-to-face interviews. The 

researcher ensured each interviewer completed the Collaborative Institutional Training 

Initiative (CITI) for human subjects to receive training on how to conduct the interviews 

prior to the start of the STEM SBP. The interviewers were also provided with typed 

questions and a recorder to capture the discourse between interviewer and participant. 
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The researcher transcribed all the data using an artificial intelligence transcription 

software (Otter.ai) and conducted a final check to verify transcripts were accurate.  

Next, the researcher loaded and organized all data files into the NVivo software. 

Documents were grouped into folders for interviews, focus groups, texts, and field notes, 

which included the observations conducted by the researcher. The researcher read each 

transcript before conducting three rounds of coding. First, the researcher coded based on 

the established a priori list that included key themes from the literature and the 

philosophical framework. Second, the researcher coded based on key themes identified 

from the pilot study (Guzman et al., manuscript in preparation). The third coding iteration 

was based on open coding, with the terms used by the participants.  

Last, in the analytical process, the researcher followed an iterative process, first 

coding for ontological questions addressing “participants’ realities” and “personal 

meanings” and then coding for epistemological questions connected to the theoretical 

framework (Saldaña, 2013, p. 61). Figure 12 illustrates the qualitative data analysis 

process. Since this was a mixed-methods study, the researcher further explored Saldaña’s 

(2013) discussion on capturing qualitative data that can be “quantitized for statistical 

analysis and descriptive measures” (p. 63). Specifically, data from the end of the SBP and 

the semester survey provided insight into the qualitative data.  
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Figure 12. Qualitative data validation model. Adapted from Research design: 

Qualitative, quantitative, and mixed methods approaches (5th ed.), by J. W. Creswell and 

J. D. Creswell, 2018, Los Angeles, CA: Sage Publications, p. 194. 

Researcher’s Positionality 

 In qualitative research, the researcher acts as the instrument of data collection and 

must interact with the participants and establish objectivity while analyzing the data 

collected (Maxwell, 2012). In this case, the researcher “establish[ed] relationships with 

the gatekeepers” of the STEM SBP and the study participants, which was critical in 

collecting data into the first semester (Maxwell, 2012, p. 96). Thus, the researcher’s 

biases may influence how qualitative data are interpreted. To minimize human 

subjectivity, the researcher was challenged to establish an imaginary line that enabled her 

to answer questions and assist students when they asked for help. For example, when 
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students contacted the researcher via text for assistance, the researcher worked to connect 

them to the resources, information, or points of contact and then placed the responsibility 

back on the student to take the independent action of solving his or her challenge. The 

researcher further practiced the concept of reflexivity throughout the study and identified 

her own evolving positionality (Subramani, 2019). Moreover, the researcher disclosed 

aspects that influenced knowledge construction in this study (Subramani, 2019). The 

following is the researcher’s positionality statement written in the first person.  

I introduce my positionality by identifying as a female, Hispanic American, 

academic doctoral student who has decades of lived experiences. I am fortunate to have 

been raised by my wonderful mother who imparted her heritage and her cultural beliefs. 

My mother was a feminist before feminism was widely accepted. She taught me that we 

should not let our gender or race stop us from achieving our goals. She emphasized that 

education is paramount to success. I applaud my mother for her perseverance and for 

challenging societal norms, regardless of the challenges she experienced.  

It is fair to say that my bias lies within the construct of the feminist culture and 

that I easily relate to ideas discussed in that literature. For example, I love math and I 

understand it well. However, growing up in an era where women and minorities were not 

well represented in STEM, I experienced racist and sexist comments from faculty 

members throughout my educational path in the 1980s. These experiences have led me to 

work to help others succeed where I did not. Thus, I acknowledge working to support 

these students not just as a researcher, but as the role model they have come to see me as 
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during our months together. To reiterate, I did, however, work to maintain the fine line of 

professionalism as a researcher and as a role model.  

I also acknowledge having many differences and similarities with the participants. 

For example, being from a different generation than the participants, I did not grow up 

using today’s modern technology. The participants all relied heavily on it, so I had to get 

better at using it as a means of communicating with them. Yet even though the 

participants and I vary considerably in age, we also share many commonalities. For 

example, in the first focus group after the STEM SBP, I shared my experiences and 

challenges in the graduate program and found that some of these mirrored the 

participants’ experiences in their first semester.  

By identifying that no school environment is perfect and addressing how to 

remedy some of the challenges, I was able to build connections with many of the 

participants and became a member of their support network. Throughout the study, I 

acknowledged the similarities and differences with the participants and used this insight 

to further develop the critical lens through which I viewed this study. Understanding and 

acknowledging that my research lens is an important facet of qualitative research, I 

remained cognizant of it throughout the study to avoid being selective and to minimize 

my bias (Bourke, 2014; Yin, 2015). 

Ethical Considerations 

The research study received approval from this university’s IRB, as data were 

collected on human subjects (Appendix A). The researcher and fellow interviewers 

completed the Collaborative Institutional Training Initiative (CITI) training on human 
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subjects’ protections before working on the study, and all certificates were included as 

part of the IRB application. The student and parental consent forms, along with the 

instrumentation and interview questions, were included in the material approved by the 

institutional review board. 

Ethical considerations focused on addressing three aspects of data collection that 

could impact the student negatively. First, the researcher protected the participants’ 

identities so as not to penalize them for participating in this study. Each data set was 

deidentified and participants were assigned pseudonyms (e.g., Student 09). Second, the 

researcher minimized the disruption within the STEM SBP by planning all interviews and 

focus groups outside of scheduled activities. The researcher remained respectful of the 

participants’ time and avoided interrupting the flow of their STEM SBP schedule 

(Creswell & Plano Clark, 2011). Third, the researcher standardized the data collection 

process to ensure that all instruments were applied under the same conditions. Assuring 

confidentiality minimized constraints so that individuals could make a voluntary decision 

to participate in the study (Yin, 2015). 

Ethical Considerations for Texting  

Utilizing a modern communication tool such as texting allowed the researcher to 

connect with participants quickly and build a professional mentorship relationship 

primarily with the students from URGs in the study. However, recognizing that the 

researcher participated in this study, Leavy’s (2017) ethical considerations for qualitative 

researcher–researched interaction were implemented. For example, when the researcher 

planned face-to-face interviews or focus groups, they were all conducted at the 
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university, in public places such as library study rooms, and prior to each interaction, the 

researcher reminded participants that they could opt not to participate in the study. 

Further, the researcher worked to always be honest with participants, and when they 

asked for support, established professional boundaries were followed. For example, when 

students asked for information, the researcher provided the online links to the resources, 

but participants had to determine whether they would act once they had the links or 

resources they needed. Last, throughout the study, the researcher practiced reflexivity to 

examine whether actions influenced the study in any way.  

Validation Strategies 

According to Creswell and Plano Clark (2018), employing strategies that ensure 

credibility of data collection increases the validity of a study. For this study, the 

researcher applied three strategies to minimize possible validation concerns: member 

checking, triangulation, and reflexivity. First, after transcribing the qualitative data, the 

researcher invited key participants in the study to determine whether the findings 

reflected their experience as it was documented by the researcher (Creswell & Plano 

Clark, 2018). Next, the researcher used triangulation strategies, whereby data were 

“drawn from multiple sources,” which builds “evidence for a code or theme from several 

sources or individuals” (Creswell & Plano Clark, 2011, pp. 211-212). Last, the researcher 

practiced reflexivity, which Bazeley (2018) defined as an “ongoing critical scrutiny of the 

process of knowledge” with a “particular focus on the relationship between the researcher 

and the participants in the research” (p. 282). The researcher captured field notes 
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throughout the research process as a means of sustaining STEM SBP experiences and 

“bringing together different ways of seeing things” (Bazeley, 2018, p. 282).  

Assumptions 

The researcher made certain assumptions related to the participants, recruitment, 

and candor, as follows:  

1. Data: The researcher assumed the relationship between the pre- and post-test data 

was linear. Further, since the data set for the population was N = 31, the 

researcher assumed normal distribution for the sample data. These assumptions 

were tested and verified in Chapter 4. Testing for these data assumptions served to 

mitigate error rates.  

2.  Participants: In qualitative research, “researchers intentionally recruit participants 

who have experienced the central phenomenon or key concept being explored in 

the study” (Creswell & Plano Clark, 2011, p. 173). In this dissertation, the 

researcher established a representative sampling of the students from URGs 

within the STEM SBP population at this large public research institution in the 

mid-Atlantic region of the United States. However, the researcher assumed that 

all students who attended the SBP were enrolled or planned to enroll in one of the 

university’s STEM programs of study and therefore were impacted by the 

intervention. Confirmation of enrollment in a STEM program from a subgroup of 

the participants was obtained verbally during the first face-to-face interview. 
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3. Candor: The researcher assumed that students participating in the pre- and post-

tests, which included the collection of demographic data, along with the focus 

groups and interviews, provided truthful data.  

Conclusion 

This chapter discussed the mixed-methods approach used to examine the impact 

of a STEM SBP on students from URGs during their first semester in a STEM program 

of study. Qualitative data were collected by conducting individual interviews and focus 

groups with participants, observing students in the STEM SBP, observing faculty 

instruction during the summer program, engaging in individual texting communications 

with the participants, and keeping field notes. Quantitative data were collected using pre- 

and post-questionnaires that were implemented at the start of the program and the 

conclusion of the summer STEM SBP. Additional quantitative data were collected 

throughout the first semester using surveys. The qualitative data were analyzed using an 

adapted version of Creswell and Creswell’s (2018) qualitative validation process model. 

Finally, the researcher identified her positionality and provided the validation strategies 

used in this research study.  
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CHAPTER 4 

The purpose of this study was to examine whether a science, technology, 

engineering, and mathematics (STEM) summer bridge program (SBP) impacted 

underrepresented groups (URGs) transitioning into their first semester of college at a 

large public research institution in the mid-Atlantic region of the United States. This 

study used a convergent mixed-methods design (Creswell & Plano Clark, 2018) to 

answer the main research question and four subquestions. The quantitative data were 

analyzed by assessing the instruments and surveys used in this study, with calculations 

performed using the Statistical Package for the Social Sciences version 27 (SPSS v27). 

The qualitative data were assessed by completing multiple rounds of coding (Saldaña, 

2013; Yin, 2015) employing NVivo 1.3 computer software.  

The chapter begins with an overview of data preparation. It then presents the 

results for each of the four research subquestions (Table 8), with a concluding section 

identifying the study findings. Chapter 5 provides an in-depth analysis of the findings and 

answers the main research question.  
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Table 8 

Study Research Question and Subquestions 

Type Question 

Main 

question 

How does a STEM SBP impact students from URGs during their 

transition into the first semester of college? 

Subquestions 1. How is the self-efficacy of students from URGs impacted after 

completing a STEM SBP? 

2. How does a STEM SBP support students from URGs’ academic and 

social integration? 

3. How are the sense of belonging and interest in STEM for students 

from URGs influenced following participation in a STEM SBP?  

4. What experiences contributed to the IHE’s retention of students from 

URGs in a STEM program of study through their first semester? 

 

 

Data Preparation: Quantitative Data 

Missing Data 

Prior to conducting statistical analysis, the data variables were assessed to 

determine if there were missing values and identify whether the missing data patterns 

were systematic or random. A frequency pattern check, conducted in SPSS v27, indicated 

no missing variables, cases, or values (0%) for the sample participant’s (n = 11) data. 

These results rendered the data usable. 

Instrument Reliability 

As recommended by the authors of the General Self-Efficacy (GSE) and STEM 

Semantics Survey, Cronbach’s alpha was calculated to measure the internal reliability of 

data collected. As noted in Chapter 3, the GSE Cronbach’s alpha should range from 0.88 

to 0.93 (Schwarzer & Jerusalem, 1995) and the STEM Semantics Cronbach’s alpha 

should range from 0.85 to 0.95 (Tyler-Wood et al., 2010) to achieve very good to 
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excellent reliability. However, the very good to excellent alpha range was not achieved 

for the GSE (.877) and for three of the STEM Semantics pre- and post-tests 

(Science,.801; Math, .703; and Career Interest, .786). Since this sample size (n = 11) was 

smaller than those used for the initial instruments, the data set had no missing values, and 

the reliability analysis remained above a normalized Cronbach’s alpha scale of α = .70; 

thus, the datum was considered sufficiently reliable for this study (Lomax & Hahs-

Vaughn, 2013). Thus, the 11 cases (participants’ instrument data results) were retained as 

the sample for this study.  

Assumptions 

The assumption of linearity was examined by conducting a regression analysis in 

SPSS that applied the best fitting line to the scatterplot and evaluating the output. A 

comparative mean sample was also conducted that produced a deviation from linearity (≥ 

.05) for both the GSE (GSE = .606) and the STEM Semantics (Science = .216; Math = 

.273; Engineering = .924; Technology = .900; Career = .072). Thus, linearity was met.  

Since the sample size was relatively small (n = 11), the researcher followed the 

guidelines of Lomax and Hahs-Vaughn (2013) and checked for skewness. These authors 

noted that values should fall within the standard ±2 or more conservative ±3 values to 

consider data sets relatively normal. As Table 9 indicates, skewness results indicated 

results were within the recommended absolute values (±2 to ±3). The researcher included 

the Q-Q plots (Appendix D) to further illustrate normal distribution. According to Lomax 

and Hahs-Vaughn (2013), the “skewness and probably results (Q-Q plots) indicate the 

normality assumption is met” for this small sample size (p. 630).  
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Table 9 

Test of Normality: GSE and STEM Semantics 

 Test M n SD SE Skewness SE Kurtosis SE 

General Self-

Efficacy  

Pre 31.18 11 2.82 .851 -1.074 .661 .944 1.279 

Post 32.82 11 4.22 1.271 .028 .661 -1.462 1.279 

STEM 

Semantics—

Science 

Pre 6.60 11 .647 .195 -2.053 .661 5.017 1.279 

Post 6.24 11 .967 .291 -1.058 .661 .174 1.279 

STEM 

Semantics—

Math  

Pre 5.13 11 1.586 .478 -.257 .661 -1.302 1.279 

Post 5.51 11 1.606 .322 -.087 .661 -1.149 1.279 

STEM 

Semantics—

Engineering 

Pre 5.02 11 1.573 .474 .024 .661 -1.437 1.279 

Post 5.51 11 1.537 .463 -.383 .661 -1.794 1.279 

STEM 

Semantics—

Technology 

Pre 5.85 11 1.220 .368 -.518 .661 -1.428 1.279 

Post 6.15 11 1.085 .327 -.990 .661 -.574 1.279 

STEM 

Semantics—

Career 

Pre 6.42 11 .751 .226 -1.126 .661 -.145 1.279 

Post 6.47 11 .887 .268 -1.207 .661 -.418 1.279 

 

 

 

Data Preparation: Qualitative Data  

Preparing the qualitative data for coding included gathering the interview and 

focus group transcripts, field notes, and observations into a spreadsheet and reading and 

editing the transcripts produced by artificial intelligence transcription software (Otter.ai). 

Member checking was conducted (Creswell & Plano Clark, 2011) with study participants 

to finalize all transcripts prior to coding. The study files were then uploaded into NVivo 

1.3, and an a priori list of codes was uploaded to prepare for the first round of coding. A 

second coding iteration, using open coding, was conducted to identify additional themes 

by the sample population. The final round served to group similar items together and 

finalize coding (Saldaña, 2013).  
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As noted in Chapter 3, the number of participants in this study’s population began 

at 31 students. Within this STEM SBP group, 22 were students from URGs and 9 were 

students from non-URGs. However, due to student attrition, the quantitative and 

qualitative data analyzed in this chapter focused on the 11 study participants who met the 

three study participation criteria requirements outlined in Chapter 3 (Table 7). Table 10 

provides the demographic information for these 11 study participants. To ensure the 

anonymity of study participants, minimal descriptive data was associated with specific 

quotes. 

Table 10 

Demographic Data for Qualitative Study Participants (n = 11) 

Variable Group Number 
Gender Female* 5 
 Male 6 

Race/ethnicity African American/Black 4 
 Hispanic/Latino 6 

 Native American 1 

Average high Female 3.85 
school GPA Male 3.70 
 All students 3.77 

First-generation Female 2 
 Male 3 

Out-of-state students Female 1 

 Male 2 

Program of study Science 
Engineering 
Undecided 

5 
5 
1  

Note: *For this study, the discussion on women in STEM focused on those students who fulfilled 

the study requirements listed in Chapter 3. Thus, the qualitative data collected from these five 

women, who were also students from URGs, remained the focus of the discussion on women.  
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Data Collection Timeline 

At the conclusion of the STEM SBP, the researcher worked to maintain 

communications with study participants during the first semester. The focus groups held 

after the STEM SBP served to further gather data on the first semester experiences of 

study participants. Two focus groups were conducted on campus in October and 

December 2019. In November 2019, data were collected through a discussion forum 

because students were focused on preparing for major projects and for finals. This online 

solution enabled students to share their first semester experiences in writing. Throughout 

the semester, students also responded to informational texts. Texting is described in more 

detail later in this chapter. In January 2020, individual post-semester interviews were 

conducted with the 11 study participants who participated in the 2019 STEM SBP. This 

research study’s data collection points are outlined in Figure 13.  

 

 

Figure 13. Timeline for data collection. Numbers reflect the day of the month. 
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Mixed Methods 

The data sets were analyzed based on the collection method requirements and 

then merged and analyzed to answer the subquestions identified in this study (Creswell & 

Plano Clark, 2018). The mixed-methods application addressed the four research 

subquestions individually by including the data collected for each question. The 

researcher chose to identify the instrument results first and then provided a topic 

summary of the qualitative data collected and evidence tables that listed the participants’ 

responses and the evidence for practice. The main research question and a more in-depth 

discussion of the results are captured in Chapter 5. 

Research Subquestion 1 

Research Subquestion 1 examined the impact on participants’ self-efficacy 

following participation in a STEM SBP. Assessing self-efficacy levels before and after 

attending the STEM SBP helped identify students’ strength in capability levels (Bandura, 

1997). When students believe in their ability, it further increases perseverance, even 

when successes are hard to achieve, proving beneficial in the retention of students 

(Bandura, 1997). The term self-efficacy will be used in the evidence of practice when 

there is an explicit or implicit discussion that “refers to the belief in one’s power to 

produce given levels of attainment” (Bandura, 1997, p. 382). 

Results of the General Self-Efficacy Survey 

The results of the paired t-tests conducted during the STEM SBP indicated that 

for this study sample population (n = 11), there was no statistically significant difference 
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between students’ pre-test general self-efficacy score (M = 5.58, SD = .258, df = 10) and 

students’ post-test general self-efficacy score (M = 5.72, SD = .368, df = 10) after the 

intervention (t (10) = −2.220, p = .051), with a medium effect size (Table 11).  

Table 11 

Results for the General Self-Efficacy Instrument  

Timing  M n SD SE t df Sig. d 

Pre-test 5.58 11 .258 .077 −2.220 10 .051 -.669 

Post-test 5.72 11 .368 .111     
 

 

 

After recognizing the difference was not statistically significant, even though the 

qualitative evidence indicated an increase, the researcher reviewed the literature. Bandura 

(1997) contended that individuals require time to change their psychological beliefs. 

Assessing students’ self-efficacy shortly after the SBP program may not have been ideal. 

However, as the qualitative data indicates, the length of the semester was sufficient time 

to assess efficacy, and students confirmed increased efficacy in their ability to persevere 

in their STEM program of study. For institutions of higher education (IHEs) seeking to 

assess efficacy using the GSE, implementing a third iteration of this instrument at the 

conclusion of the first semester may prove beneficial.  

Examining Self-Efficacy During STEM SBP  

Nine of the 11 participants agreed that attending the STEM SBP helped them 

increase confidence and establish connections that they thought would prepare them for 

their first semester in a STEM program of study. The remaining two students offered 

generalized comments about the SBP being a good experience. The four examples in Table 
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12 indicate that the STEM SBP provided students with foundational skills, introduced 

them to academic and campus resources, enabled them to become familiar with the campus, 

and connected them with people who could provide critical support in their first semester. 

More detailed information on connections is discussed in Research Subquestion 2.  

Table 12 

Survey Results Collected on the Final Day of STEM SBP Regarding Feeling Prepared for 

the First Semester 

Participant 

Data collection  

point Example quote Evidence for practice 

Student 02 STEM SBP 

post survey  

It gave me a better sense 

of the campus, a college 

lecture, and an 

opportunity to make 

friends.  

This student experienced 

the college class structure 

firsthand, felt comfortable 

navigating campus, and 

made connections with 

other students that could 

become part of a support 

network in the first 

semester.  

Student 03 STEM SBP 

post survey  

It helped me see what a 

class might be like and 

how different it was 

compared to a regular 

high school class. 

This student experienced 

the college class structure 

firsthand, including 

differences from high 

school, which could be 

beneficial in the first 

semester.  

Student 13 STEM SBP 

post survey  

I learned valuable skills 

this week that I believe 

will help me succeed. I 

also feel prepared now 

that I’m more familiar 

with my surroundings and 

have a solid foundation 

for the classes I’ll be 

taking. 

This student developed 

foundational skills and felt 

comfortable navigating 

campus, which could be 

beneficial in the first 

semester. 

Student 17 STEM SBP 

post survey  

The camp helped me to 

prepare for the first 

This student developed 

foundational skills and 
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semester because I’ve 

organized my learning 

abilities [referencing 

foundational and time 

management skills] and 

gained my confidence to 

be successful in my 

classes.  

understood how to access 

academic and campus 

resources that could be 

beneficial in the first 

semester. 

 

The researcher examined observation notes of the 11 students who 

remained in the study and compared observations from the first day of the SBP 

and the last day of the study. As illustrated (Table 13), all 11 students 

demonstrating a change in their physical demeanor. For example, at the start of 

the STEM SBP, while the researcher introduced herself to each participant, the 

study participants fidgeted, focused on their cell phones, and displayed closed 

postures such as crossing their arms or leaning forward almost in a huddled 

position. At the conclusion of the study, participants displayed more open and 

confident postures, such as shoulders back and greeting other students in the 

learning center where the interview was being held. When they made eye contact 

from across the room with the researcher, they waved and smiled. As students sat 

in the interview, the researcher recognized their posture was more open and they 

made direct eye contact.  

Table 13 

Researcher’s Observation of Student Confidence Level Before and After STEM SBP 
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Participant 

Data 

collection 

point Example quote 

Evidence for 

practice 

Researcher’s  

observation 

STEM SBP, 

Day 1 

morning 

orientation 

As the study begins, I notice 

students displaying nervousness. 

. . . I hear parents making 

recommendations to students 

that they get to know some of 

the students in camp. They point 

to the small group that has made 

friends from the math boot 

camp. Some students are just 

silent and are sitting with their 

shoulders forward-leaning and 

their arms crossed as if a bit 

guarded. Other students have 

been focused on their cell 

phones and have not looked up 

at all.  

A subtle 

apprehension in 

students was 

evident. Students 

appeared guarded 

and unsure before 

starting the STEM 

SBP. 

Researcher’s  

observation 

Post STEM 

SBP: 

Interview 

notes at end 

of first 

semester  

I notice participants walking 

towards our interview room with 

their shoulders back and their 

heads looking up. Most of them 

seemed to exude a confidence 

that I did not observe at the 

beginning of the semester. They 

are smiling and waved their 

hands to gesture hello as soon as 

they saw me waiting in the 

conference room.  

Students’ physical 

demeanor changed 

considerably from 

the first day of the 

STEM SBP. 

Students appeared 

confident and well 

adjusted at the end 

of the semester. 

 

Further analysis of the qualitative data produced insight on generalized STEM 

SBP attributes linked to increased self-efficacy for students from URGs participating in 

this study. Specifically, three students referenced the importance of gaining insight into 

the college environment by experiencing course lectures and coursework from the STEM 

curriculum. Moreover, this experience challenged preconceived notions students had 

about college, which were mainly based on television shows and the media. Student 03 
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(Table 14) noted that experiencing college life through the STEM SBP served to 

enlighten their view of what college life would be like and what they could expect. 

Attending the STEM SBP debunked previous assumptions and gave participants a 

stronger feeling of being prepared for their first semester. Students also recognized that 

finding other classmates in the STEM SBP who were as passionate about STEM proved 

encouraging for them. While being able to navigate the campus was a continued theme 

for all study participants, for the two out-of-state students, being a part of the STEM SBP 

on campus also helped them acclimate to a new university and, to some extent, to a new 

region (Table 14).  

 

Table 14 

Students from URGs’ Specific Reasons for Increased Self-Efficacy During the STEM SBP  

Participant 

Data collection 

point Example quote Evidence for practice 

Student 03  STEM SBP 

pre-semester 

interview (after 

SBP, before 

semester) 

 

Honestly, I do feel better 

prepared for my freshman year 

because I’m taking 

[foundational course] this 

coming semester and I just 

took [foundational course] [in 

STEM SBP]. It gave me a 

really nice refresher and kind 

of outlook on what college 

was going to be like and, you 

know, how professors were. It 

was important to me because a 

lot of TV shows or like media 

make it seem like it is 

thousands of people [in the 

class] and one professor 

holding a mic[rophone] while 

everyone has their laptop out 

This student realized the 

campus environment 

was manageable and 

debunked what 

television shows or the 

media portrayed as 

campus life, which 

increased this student’s 

confidence.  
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Participant 

Data collection 

point Example quote Evidence for practice 

and are using their phones. 

But I realized it’s really not all 

like that. It’s really up to you 

and what you make it.  

 

Student 06 STEM SBP 

pre-semester 

interview (after 

SBP, before 

semester) 

I realized it is a different type 

of mentality even though I 

took some AP courses which 

were supposed to imitate 

college, but it won’t be exactly 

the same compared to that. So 

most likely I won’t 

underestimate any of the 

classes. I will try to do my 

very best in the beginning and 

always try to be ahead of the 

game, when it comes to 

studying, homework, and 

other projects. 

This student recognized 

that their AP courses 

were nothing like 

college courses. This 

realization debunked the 

information he received 

from this student’s high 

school faculty, who 

expressed that AP 

courses were similar to 

college courses. 

Obtaining this insight 

increased this student’s 

self-efficacy. 

Student 08 Focus Group 1 

(during STEM 

SBP) 

So, coming in and doing the 

lectures and then meeting 

everybody naturally boosted 

my confidence—confidence in 

the materials, in myself, and a 

lot of other different areas that 

connect back to the diversity 

aspect. All our love for the 

same things served as 

motivation because everybody 

around me was wanting to do 

the work. You don’t want to 

be that one person that lets 

them down. I feel like it was 

healthy peer pressure. 

This student 

experienced college 

courses and lectures 

with classmates who 

shared similar academic 

interests, which 

increased this student’s 

confidence and efficacy 

in their ability to 

complete the work. 

Student 13 Focus Group 1 

(during STEM 

SBP) 

I agree with everything 

everyone has said in this 

group. I’m coming down here 

from [state], so this has been a 

really great opportunity for me 

to be able to acclimate myself 

to the area and to be away 

This student acclimated 

not just to the campus 

environment, but also to 

a new city, which 

proved beneficial for a 

student from another 

state. For this student, 
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Participant 

Data collection 

point Example quote Evidence for practice 

from home without all the 

pressure of starting a bunch of 

new classes. It also lets me get 

used to being down here and 

getting to know the campus. 

We were kind of talking about 

the confidence, and this camp 

[STEM SBP] has boosted my 

confidence way up. Over the 

summer, I was doubting if I 

really wanted to end up in this 

field. 

perseverance in 

attainment began during 

the camp because the 

student was already 

doubting remaining in 

STEM. 

 

 

Building Resiliency During STEM SBP 

STEM SBP organizers aimed to help participants understand key differences 

between college and high school, which better prepared study participants for success in 

college-level STEM courses. The participants in this study discussed their high school 

successes and the individualized support they received from high school faculty. They 

started the STEM SBP anticipating a similar curriculum and success, but often 

discovered what Bandura (1997) succinctly described as a person’s efficacy level being 

affected if individuals do not continue to achieve success: “If people experience easy 

success, then they come to expect quick results, and are easily discouraged by failure. . .  

[Failure] undermines their self-efficacy; especially if the failure occurs before one’s 

confidence is firmly established” (p. 80).  

When study participants experienced academic challenges, such as failing a 

practice exam in the STEM SBP, faculty in the SBP focused on helping them adapt by 

ensuring students developed skills such as time management, note-taking, or test 
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preparation. As a result, all 11 participants acknowledged that they began to build their 

resiliency before their first semester began, which reestablished building efficacy in their 

ability (Table 15).  

 

Table 15 

Students from URGs’ Development of Skills for a Successful First Semester  

Participant 

Data collection  

point Example quote Evidence for practice 

Student 03 Focus Group 1 

(during STEM 

SBP) 

I feel like this program 

has shown me that there 

are multiple ways to 

approach something and 

there are also correct 

ways that you should do 

with those certain things 

like taking notes, for 

example, and how you 

should prioritize your 

time. 

This student gleaned 

insight from lessons and 

skills taught during the 

STEM SBP, which aided 

in building resiliency. 

Student 06  STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Because it is a different 

type of mentality and 

even though I took some 

AP courses, which were 

supposed to imitate 

college, they didn’t. But it 

won’t be exactly the same 

compared to what I 

experienced this week. 

So, most likely I won’t 

underestimate any of the 

classes! 

The SBP debunked the 

student’s perception that 

AP courses were similar 

to college courses. 

Understanding that 

college courses are 

different than high school 

courses proved valuable in 

planning and preparing for 

the upcoming semester. 

Student 08 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Then we get here, and all 

the professors that we 

ended up engaging with 

were nice and polite, but 

they were also like “This 

is what you need to 

Faculty played a key role 

in helping students from 

URGs understand what 

was expected of them as 

college students entering a 

STEM curriculum. 
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Participant 

Data collection  

point Example quote Evidence for practice 

expect.” . . . This whole 

experience gave me the 

real jolt that I needed. . . . 

So, we weren’t just 

hearing “college is going 

to be different,” but we 

were literally living it. . . . 

The transition between 

high school and college 

gets very scary. . . . But 

now I know that I won’t 

have teachers that are 

there for me whenever I 

want and I won’t have, 

you know, extra credit or 

different things that will 

make it easier for me to 

get by. I feel like that 

transition is going to be 

really difficult. 

Identifying 

misconceptions early 

allowed students to 

bounce back when they 

encountered challenges. 

Moreover, having this 

experience in a safe space 

without formal grades 

further enabled growth.  

Student 08 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Being confronted with 

what I’ve been doing 

wrong or what I could 

face, different mistakes 

I’ve made, I usually run 

away when I do 

something wrong. It’s like 

I don’t want to face it. I 

don’t want to address it. 

Pretty much out of sight, 

out of mind for me, which 

is a terrible habit, but I’m 

learning it’s not the best 

way to handle things.  

This student took 

ownership of their own 

learning and recognized 

that they would make 

mistakes. The student also 

identified knowing how 

they handled the situation 

mattered. This insight 

proved beneficial in 

resiliency.  

Student 08 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

We heard the same thing 

from every professor in 

camp; it was like a 

reoccurring theme. They 

[STEM SBP faculty] had 

people coming from high 

school to college 

Understanding that 

college courses are 

different than high school 

courses proved valuable in 

planning and preparing for 

the upcoming semester. 
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Participant 

Data collection  

point Example quote Evidence for practice 

expecting, I guess, 

leniency with their work. 

I subconsciously knew 

those things, but I didn’t 

realize this stuff is strict, 

these professors are legit, 

but it makes sense 

logically. 

 

Resiliency was also noted in study participants when they worked towards finding 

solutions to the dilemmas they experienced during the STEM SBP, which they 

acknowledged allowed them to bounce back from disappointments. For example, Student 

16 commented that when they did not do well in calculus, they took it upon themselves to 

request switching to an algebra class, which the STEM SBP faculty agreed would better 

solidify this student’s foundational math skills (Table 16). When this student took 

responsibility for resolving this challenge, they began to build a resilient sense of self-

efficacy (Bandura, 1997). 

Table 16 

Students from URGs’ Reflection on Building Resiliency by Overcoming Challenges 

During the STEM SBP 

Participant 

Data collection 

point Example quote Evidence for practice 

Student 16  Focus Group 1 

(during STEM 

SBP) 

I struggled so much that it 

broke my confidence and it 

still is kind of broken, but 

it’s helped me. It’s like 

relearning Algebra 2, and 

this stuff has helped me out 

and it has reminded me 

that I actually used to 

Having trouble during 

STEM SBP allowed this 

student to improve 

foundational skills and to 

develop resiliency and 

improve confidence. 
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enjoy math. You know, 

there’s been resources and 

guidance given by faculty 

that’s made me do better in 

calculus and rebuild that 

confidence. And in other 

classes, too. 

 

Examining Self-Efficacy After the STEM SBP  

Based on the qualitative data collected during the first semester, eight of the 11 

study participants indicated that the STEM SBP directly influenced their confidence level 

and better prepared them for the first semester. The remaining three did not reference a 

change after completing their first semester. These study participants noted that during 

the semester, they further developed their learning skills, succeeded in courses, and 

established both social and mentoring connections (Table 17).  

Table 17 

Students from URGs’ Reflections on Feeling Prepared for the First Semester from the 

Online Focus Group (November 2019)  

Participant 

Data collection 

point Example quote Evidence for practice 

Student 02  Mid-semester 

online 

discussion 

forum on first 

semester 

experience 

My first semester was 

overall a fun experience. I 

got to learn more about 

myself. I also made new 

friends that will be 

beneficial connections in 

the future. 

The student built a support 

system through 

connections established 

during the first semester.  

Student 03 

 

Mid-semester 

online 

discussion 

forum on first 

My first semester went 

pretty well. My professors 

and grades were great. 

The student identified 

experiencing a positive first 

semester with good grades, 

which aided in building 

confidence. 
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semester 

experience 

Student 13  Mid-semester 

online 

discussion 

forum on first 

semester 

experience 

It was rough, but I learned 

a lot and am looking 

forward to making next 

semester better. 

The student built resiliency 

and confidence by taking 

the lessons learned to 

improve next semester.  

Student 17  Mid-semester 

online 

discussion 

forum on first 

semester 

experience 

My experience was 

effectively confident in 

the first semester because 

I do feel very confident 

about my new learning 

skills. 

The student identified 

experiencing a confident 

first semester, using and 

applying skills learned in 

the STEM SBP. 

 

Reflecting on the STEM SBP at the end of the first semester, three of the 11 

students in this study suggested areas for improvement in the SBP, including more 

guidance on selection of math courses and support for students with physical limitations 

during SBP activities. For example, Student 16 indicated needing more advising and 

scheduling support during the STEM SBP, specifically stating, “I was never told what 

classes I should be taking my freshman year such as the math class. I was never told 

when I could take the math placement test.” Student 04 suggested that future programs 

“be more open to [SBP participants] with needs and not require each [SBP participant] to 

take part in every single activity and have alternate activities planned if there are 

activities that involve strenuous physical activity.”  
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Building Self-Efficacy Through Peer Instruction 

Both the labs and lessons taught during the STEM SBP were designed to 

prepare students for fall courses. During the semester, six of the 11 students stated that 

they felt confident with their ability to help non-STEM SBP classmates with lab 

assignments in a peer instructor capacity because they had learned to complete several 

labs during the STEM SBP. At the end of the semester, several students commented on 

the value of this experience in terms of their ability to share with others what they 

learned in the STEM SBP, which increased their interest in STEM and built efficacy 

(Table 18). Moreover, these students acknowledged gaining new friendships and further 

growing their support network because they became better acquainted with the 

classmates they were assisting.  

Table 18 

Students from URGs’ Ability to Build Confidence Through Peer Instruction During the First 

Semester 

Participant 

Data collection 

point Example quote Evidence for practice 

Student 06  Post-semester 

individual 

interview  

(end of  

semester)  

[Student identified helping 

other students with software 

learned during the STEM 

SBP.] I didn’t personally use 

software, but I had been 

instructing the other students 

to help them with it and 

[showed them] how to use it. 

Student increased self-

efficacy when 

instructing peers on a 

skill learned during 

SBP, which enabled 

them to further master 

the skill and build 

efficacy (Bandura, 

1997).  

Student 15  Post-semester 

individual 

interview  

(end of  

semester) 

We had this whole table of 

people and I was like, you 

know, it’s just going through 

the program. I can’t remember 

what it was called but I had 

During the STEM 

SBP, students 

conducted lab sections 

planned for first-year 

students. After com-
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recognized this, and I was, 

like, I know exactly what I’m 

doing now. And so, it was 

really helpful.  

pleting the lab work in 

the SBP, this student 

showed peers how to 

complete the lab, 

which further 

increased their 

efficacy in their ability 

in the course.  

Student 05  Post-semester 

individual 

interview  

(end of  

semester) 

If we [lab group] ever got 

stuck, I already knew what we 

could do to help [us] through 

it. I was familiar with it. . . . 

Compared to other labs that 

we’ve done in the physics lab, 

though, the ones that I was 

already familiar with [from 

STEM SBP] were the easiest 

to do. 

This student served as 

a resource for 

classmates based on 

work completed 

during the STEM 

SBP.  

Student 08  Post-semester 

individual 

interview  

(end of  

semester) 

In our lab we all collaborated 

because we don’t really get 

partners. And when I was up 

here during [STEM SBP], we 

reviewed the main materials 

that you would use during this 

lab. This actually came in 

handy the first lab session of 

the semester because my group 

actually didn’t know some of 

the materials. And I was like, 

oh, we just went over this in 

camp. So, I was able to help 

them with that. Then, we ended 

up doing lab work for the rest 

of the semester together and we 

would meet up before lab to 

write our reports and things like 

that. 

Learning what was 

required for lab course 

allowed this student to 

assist fellow lab 

partners with the 

lesson, which 

increased confidence 

and facilitated new 

connections.  
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Research Subquestion 1 Summary 

While the quantitative instrument did not indicate a statistically significant 

difference for the sample population’s (n = 11) self-efficacy before and after the 

intervention, the qualitative data provided an in-depth understanding of how confidence 

levels changed and self-efficacy further developed for study participants in this sample. 

Students felt more prepared to start the first semester, and as they completed it, they 

increased their belief in their own capabilities (Bandura, 1997). 

Based on content analysis of the qualitative data, eight of the 11 students 

experienced a positive change in confidence levels as a result of the SBP. While students 

did identify some feelings of discouragement or declining confidence as they progressed 

through the semester, they found that the lessons learned during the STEM SBP increased 

their self-efficacy and benefitted their ability to succeed because they still had time to 

build their skills before the semester began. Bandura (1997) explained that “the more 

cognitive successes students experience,” the more “efficacy increases and leads to better 

performance” (p. 383). 

Research Subquestion 2 

The next subquestion focused on how the STEM SBP supported academic and 

social integration into higher education through building social connections, increasing 

skills in students’ academic foundation, and establishing faculty mentorship for students 

from URGs participating in the SBP. Bandura (1997) defined a school as “an agency for 

cultivating self-efficacy” because as students increase their academic knowledge, they 

“develop an intrinsic interest in academic subject matter” (p. 174). However, he also 
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recognized that “experiencing recurring difficulties” can also lead to inefficacy (Bandura, 

1997, p. 175), which can impact integration.  

Social Connections  

The 2019 STEM SBP included four teambuilding activities that focused on 

helping students make connections (Table 19). These planned connection activities 

served multiple purposes. For example, a campus-wide scavenger hunt helped teammates 

get to know each other while working collaboratively to find all items on their scavenger 

hunt lists. Simultaneously, students also learned where STEM classrooms were located as 

they navigated the campus environment.  

Table 19 

Teambuilding Activities to Encourage Social Connections  

Day  Activity Purpose 

1 Listen 

and Line 

Up 

Develop connections and listening skills by having all STEM SBP 

participants work together to line up in chronological order by date of 

birth. The key requirements included no talking, and the line needed to 

begin with January and end in December. 

2 STEM 

Challenge 

Develop connections and collaboration skills by having students work 

together to solve a world issue. Students conducted research and prepared 

for a presentation at the end of the STEM SBP. The teams were provided 

with time to meet and work together over the course of 3 days to 

accomplish the objective. (Challenge continues on Day 4, with final group 

presentations on Day 5.) 

3 Scavenger 

Hunt 

Develop connections and familiarize students with the campus. The 

scavenger hunt required students to navigate campus and find 26 locations 

on campus. Teams were required to take pictures at each location, and 

each team member needed to be in the picture. Students visited various 

labs, classrooms, and buildings on campus that housed critical resources. 

4 Don’t 

Break the 

Link 

Develop connections and built communication skills. Students were asked 

to hold hands and then they were twisted into a human knot. The goal was 

to communicate and work together to untangle the human chain without 

breaking any links between teammates. 
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On the last day of the STEM SBP, study participants were given a final survey. 

All 11 students from URGs completed the survey and indicated that the most important 

benefit of the STEM SBP was the connections made with fellow participants. The next 

question on the post–STEM SBP survey inquired about the nature of those connections 

(friendships, socialization, study partners, or other). Study participants who selected 

“other” were prompted with a comment box to identify possible benefits gained from 

connecting with other students during the SBP. The write-in data noted responses with 

the words all of the above. These responses were “quantitized” (Saldaña, 2013, p. 26) and 

are included in Figure 14. The data indicate that most students identified all three 

selections (friendships, socialization, and study partners) as the most significant benefit.  

 

 

Figure 14. Study participants’ report of the benefits of connecting with others during the 

STEM SBP. 

Friendships and Social Support Systems. Recent scholarly research (Ashley et 

al., 2017; Kitchen et al., 2018; Stolle-McAllister, 2011; Strayhorn, 2012; Wathington et 

al., 2016) has emphasized the importance of sustaining social support systems and has 
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referenced Tinto’s (1993) and Bandura’s (1997) framework on the importance of social 

support systems for retaining study participants in STEM and building self-efficacy. 

Bandura (1997) noted that the lack of a socially supportive system could lead to stress 

and inefficacy, while Tinto (1993) described the need for social systems to further 

increase the sense of belonging in STEM.  

All 11 study participants commented throughout the STEM SBP and into the first 

semester that the STEM SBP provided them with a strong foundation of friends who 

shared similar interests and challenges and supported each other during difficult times. 

Building study groups served as one positive outcome of the STEM SBP. Another 

outcome was connections with STEM students in different programs that proved 

beneficial to their academic and social support systems. Table 20 provides comments 

collected from some of the students in the sample. 

Table 20 

Social Connections Made During STEM SBP and into the First Semester 

Participant 

Data collection 

point Example quote Evidence for practice 

Student 01 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I love the social thing, 

because honestly, it was so 

easy to just meet people, 

because we’re all together all 

the time and we are all new. 

It’s not like there are 30,000 

people all at once to navigate 

through; it’s more like a 

small group of people who do 

the exact same thing as me. 

So, it’s like we all have 

something in common.  

This student 

recognized that all 

STEM SBP 

participants were new 

to the university and 

interested in a similar 

educational path, 

which helped the 

student make lasting 

connections. 
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Participant 

Data collection 

point Example quote Evidence for practice 

Student 04 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I’ve made a bunch of friends. 

My roommate is now my 

friend. My friend [name] is 

really cool, and my other 

friend, [name], they are all a 

part of my friend group now. 

I feel I’ll be less lonely going 

into college because I know 

that I already have these 

established friendships, 

which was one of the things I 

was worried about. 

This student 

recognized the value 

in having social 

connections before 

the semester started. 

Student 08 STEM SBP post 

survey 

At the beginning of the 

STEM SBP, we were put into 

random groups to do the 

scavenger hunt activity, 

which forced us to interact. 

We had this common goal 

and worked together and 

began small talk, which 

happened among groups 

multiple times. I definitely 

feel like some of these 

people, I will know them 

throughout the 4 years. We 

will catch up and reminisce 

about the camp, like when we 

met and all that. There’s just 

some type of energy between 

us. 

Purposeful planning 

within the STEM 

SBP enabled students 

to build connections 

during the STEM 

SBP activities. 

Student 13 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Yeah, like, a few people pop 

into my mind. I feel like if I 

am struggling with physics, 

one of my friends who’s 

going to be an astrophysics 

major and is a lot stronger in 

the area than I am will also 

help me out. So, if I have no 

idea what’s going on, I can 

This student 

understood the value 

of meeting STEM 

peers outside of their 

program of study 

whom they could 

reach out to for 

support.  
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Participant 

Data collection 

point Example quote Evidence for practice 

just ask: “Hey, can you help 

me out?” 

Student 15 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I wouldn’t have imagined in 

my first semester of freshman 

year that because of this 

camp, I am getting so many 

different connections and 

resources that are helpful. 

This student 

understood how 

important the 

connections made 

during STEM SBP 

were to forming a 

support system.  

 

Moving Away from Home. According to Strayhorn (2012) and Tomasko et al. 

(2016), students entering higher education find it challenging to move away from home. 

Students who lived on campus during the STEM SBP adapted well during the semester 

(Ashley et al., 2017). Living in the dorms during the STEM SBP proved beneficial to 

building friendships and connections with fellow students from both URGs and non-

URGs and helped students learn to live away from their families.  

For study participants who lived off campus during the semester, the SBP also 

helped with the transition because they knew students on campus whom they could work 

with and who kept them informed of the latest information pertaining to their STEM 

community. For some students living off campus, staying in the dorms during the STEM 

SBP also allowed them to experience dorm life and gain a sense of independence (Table 

21). As a result, off-campus students connected to their friends’ discussions about 

campus life because they had familiarity with the on-campus environment. Moreover, 

connecting with students on campus provided off-campus students with a place outside 

their homes to study or connect with friends.  
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Table 21 

Students from URGs’ Discussion of the Impact of Living in the Dorms While Attending 

STEM SBP 

Participant 

Data collection  

point Example quote Evidence for practice 

Student 03  STEM SBP 

pre-semester 

interview 

(after SBP, 

before 

semester) 

I really liked staying in the 

dorms because when the school 

year starts, I’m commuting so I 

won’t have that experience. 

Staying at the dorms was very, 

very new, but very fun. And 

like I said before, it gave me 

independence. 

Off-campus student 

gained independence 

and found this 

experience to be 

valuable. 

Student 16 Post-semester 

individual 

interview (end 

of semester)  

I’m glad I had the camp 

experience because I wouldn’t 

have had this experience of 

living in the dorm. I liked it. I 

am off campus because living 

on campus is pretty expensive. 

And I kind of made friends with 

my roommate. 

Off-campus student 

commented on the 

value of living in the 

dorms because it 

introduced them to a 

new friend. 

 

First Semester Social Connections and Experiences. During the in-person 

focus groups (October and December 2019) and the online discussion forum (November 

2019), students were asked to participate in an icebreaker titled “The Good, the Bad, and 

the Ugly” to capture students’ first semester experiences.  

To begin the exercise, the researcher provided students with the activity and led 

the exercise by sharing her experiences thus far in her Ph.D. program and providing 

examples of each category. She then asked participants to walk around the room and 

place sticky notes with their personal experiences under large poster sheets on the wall 

for anonymity. Six study participants contributed during the in-person focus groups, and 
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another five students submitted input during the online discussion forum. To protect 

student anonymity, student numbers were removed from this table. 

Participants listed multiple items under “the good,” including academic 

achievement in STEM courses, receiving help and support from peers, and connecting 

with other students. According to Bandura (1997), developing effective cognitive skills 

increases self-efficacy and builds resiliency as students learn to overcome challenges 

such as studying for difficult exams. For the 11 participants, the most frequent response 

was how social connections made with peers helped them overcome challenges and 

provided support. Moreover, study participants discussed joining clubs or activities on 

campus, which Bandura (1997) noted could serve as exposure to useful skills, increased 

beliefs in their own capacity, and an increased sense of belonging to the university. 

Responses submitted by the 11 students under “the bad” category included a 

challenging curriculum and poor exam scores. Many of the concerns highlighted by the 

study participants related to increased stress caused by poor time management skills. For 

example, students acknowledged missing classes and having to deal with consequences 

from faculty or the department.  

Finally, the responses provided for “the ugly” category identified four significant 

areas of concern for the study participants. Some of the students expressed feeling 

frustrated if they did poorly in a foundational or laboratory course, making them feel 

uncertain about making it through the semester. Study participants also mentioned a lack 

of time management skills as they missed classes and did not plan sufficient time for both 

coursework and socializing with friends. Other students stated stress levels led to some 



107 

 

physical reactions. Several students also voiced concerns about not having any time for 

social activities with friends, but they accepted ownership of it.  

The findings from this activity may prove beneficial to other IHEs conducting 

STEM SBPs to assist participants through challenging issues in the first year of college. 

Table 22 outlines the results of the data collected that provided examples of “The Good, 

the Bad, and the Ugly” activity. The results in each column pertained to one of the 11 

students from the URGs. 
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Table 22 

Feedback from Students from URGs on “The Good, the Bad, and the Ugly” in First-

Semester Experiences  

The Good The Bad The Ugly 

• All the club 

activities! They really 

helped getting to 

know myself and 

make great friends.  

• The help and support 

I received when 

studying with my 

peers.  

• I got a 90 on a 

calculus midterm.  

• I have learned how to 

effectively study for 

difficult exams.  

• Getting out into the 

community of [this 

university] and really 

seeing what it and the 

people were all about.  

• I made lots of friends 

with the people on 

my floor, and it made 

me feel like I have a 

community to rely 

on.  

• There was one week 

when I had three big tests 

and an important project 

due at the same time and 

it really stressed me out.  

• Failing my first test. It 

was brutal and I 

definitely cried.  

• My time management 

didn’t go well this 

semester.  

• My [course name] 

teacher barely finished 

the material for the final 

exam and left.  

• I had an experience that I 

didn’t feel welcome in 

one of my classes. It’s 

pretty tough for me to 

improve my basic 

learning skills in 

[course].  

• Having a breakdown in the 

corner of [university 

building name]. I became 

really stressed and felt like 

I overwhelmed myself. 

• Nearly failing my first real 

college course because I 

didn’t know how to study 

for exams.  

• Missing a [course name] 

lab and seeing how strict 

the department can be.  

• On my last [course name] 

lecture exam I scored very 

poorly, and it made me feel 

a bit powerless with that 

class.  

• I didn’t stick to all my 

plans. I haven’t been able 

to socialize with my friends 

and new people. I haven’t 

put in the effort into things 

as I would like to.  

Note: Some of the comments were very personal and not included in this table to respect the 

student’s right to privacy. 

 

 

 

Social Connections Summary. Nine of the 11 study participants asserted that 

social connections served multiple purposes. The remaining two participants did not 

directly address their experiences with social connections. The nine study participants, 

however, did agree that the STEM SBP allowed them to build friendships with peers they 
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could turn to for support, especially to assist in navigating academic challenges 

encountered in their first semester. For example, participants gleaned insight from the 

SBP when faculty addressed how students should be preparing for exams and they also 

learned how to form their own study group sessions to help each other. Further, social 

connections did not end at the conclusion of the STEM SBP, as students continued to 

connect and even expanded their support networks.  

Study participants discussed the ways in which their confidence developed during 

the STEM SBP, which enabled them to initiate new friendships with students outside of 

the STEM community. Bandura (1997) explained that “mastering experiences” that lead 

to “the acquisition of generative skills” can further develop efficacy (p. 80). Finally, the 

check-ins the researcher conducted with participants, such as the focus groups, served to 

sustain her connection with study participants and provided study participants with more 

resources to navigate challenging times by reconnecting them with their STEM SBP 

peers.  

Academic Foundational STEM Skills and Campus Resources  

Foundational Skills. IHEs that host SBPs provide content designed to establish 

foundational skills. Many SBPs center their curriculum on foundational disciplines, 

such as introductory science courses and the labs associated with the courses and 

foundational math courses, which may be especially valuable for study participants 

(Ashley et al., 2017; Murphy et al., 2010; Strayhorn et al., 2013). During the 

implementation of the 2019 study, the STEM SBP administration worked to validate 

that each student enrolled in the appropriate course and worked to build their math 
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skills. This preparation enabled students to succeed while also preparing them for 

higher-level math courses (Table 23). 

Table 23 

Students from URGs’ Reflections on Establishing Foundational STEM Skills  

Participant 

Data collection 

point Example quote Evidence for practice 

Student 01  STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Yeah, I definitely feel a lot 

more prepared. I think in 

terms of academics, I feel a 

lot more engaged and 

prepared for the basic stuff.  

Working to build 

foundational skills 

increased students’ 

preparation for the first 

semester. For this 

student, academics 

linked to their physics 

and math courses.  

Student 05 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I’m definitely more caught 

up now. . . . What we’re 

reviewing more recently is 

stuff that I learned like 

around my junior year, 

senior year. So, it’s very 

helpful that I can have that 

room so that I can remember 

all this stuff now. 

Refreshing skills 

prepared students for 

the entry-level STEM 

courses that are 

required to move into 

upper-level courses. 

For this student, the 

refresher linked to their 

math skills learned in 

high school.  

Student 15 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Personally, I really thought 

that it was really focused on 

not only what you need for 

college, but also 

backtracking a little bit in 

saying, let’s focus on getting 

your foundation stronger 

because this is going to be 

so intense. You want to 

make sure that you have a 

steady foundation to build 

more information, I guess. It 

was cool. 

Refreshing foundation 

and building skills 

provided students with 

skills needed to 

succeed in their first 

semester. For this 

student, backtracking 

connected to their math 

and biology 

foundational skills 

learned in high school. 
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Campus Resources. The STEM SBP included information sessions on university 

resources to improve student success. For example, staff from the Learning Services 

Center held three sessions to discuss tutoring services, improving time management skills, 

and the importance of wellness. Career Resources personnel conducted a session outlining 

the timelines for internships and on-campus positions available to all students. Disability 

Services held one session to provide an overview of the support programs available to 

students at this university, such as recording lectures or assistance with notetaking for 

students with learning disabilities.  

The Learning Services lecture on time management and the session on basic 

needs, such as making sure to get enough sleep, resonated strongly with study 

participants. Table 24 demonstrates the high value that participants placed on these 

resources.  

Table 24 

Students from URGs’ Comments on Campus Resources  

Participant 

Data collection 

point Example quote 

Evidence for 

practice 

Student 03  Post-semester 

individual 

interview (end 

of semester)  

I found stress management and 

wellness important because I feel 

like I’ve been trying to sleep at a 

reasonable time, because I do 

commute. So, I am now adding that 

time factor with coming to the 

university and getting my 

assignments done. It’s not like I can 

wake up early, do my assignments, 

and go because I live off campus. 

Instead, I have to wake up, drive to 

the campus, go to my classes, and 

Campus resource 

seminars are 

there to help 

students succeed 

and manage the 

stress of the 

curriculum.  
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Participant 

Data collection 

point Example quote 

Evidence for 

practice 

have my assignments already 

completed. 

Student 05 STEM SBP 

pre-semester 

interview 

(after SBP, 

before 

semester) 

I think there was a lecture yesterday 

about time management and 

preparing for exams. I think the 

information there was very helpful. 

A couple of days ago, I think it was 

something about self-care where we 

were asked to list what are the top 

three things we want to start doing 

today. I started to ask myself: “What 

are my priorities? What are the 

things that I want to do most?” I 

haven’t finished my list yet simply 

because I can’t choose from the three 

which one I want to do the most. But 

I definitely have a better 

understanding of what I want to do 

besides just studying throughout 

college—such as hobbies. 

Students 

recognized the 

need to prioritize 

their health and 

use needed 

resources to 

successfully 

complete their 

first semester.  

Student 13 STEM SBP 

pre-semester 

interview 

(after SBP, 

before 

semester) 

I’ve learned about the career 

resources and what resources are 

available . . . and things like that. I 

have some health issues that affect 

different parts of my body so living 

on campus and knowing that there is 

a Disability Services Center where I 

can go is important to me. I’ve 

already been able to talk to some 

people there, which has been a great 

comfort to me and especially to my 

parents. 

Identifying 

where to go for 

personal issues 

lessens the 

student’s worry 

and helps build 

independence.  

 

Including these resource sessions in the STEM SBP was beneficial to study 

participants because they learned where to go if they needed help with academic or 

personal issues. Based on follow-up conversations with participants, students 
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recommended even more resources for future SBPs, including sessions on financial aid 

and guidance on working with academic advisors (Table 25).  

Table 25 

Students from URGs’ Recommendations for Additional Resource Sessions During the 

STEM SBP  

Participant 

Data collection  

point Example quote Evidence for practice 

Student 02 Post-semester 

individual 

interview (end 

of semester)  

I would say that one of the 

sessions that probably could 

be better for us would be to 

have scheduling 

management. I wasn’t really 

sure what classes to take so 

I can finish in 4 years and 

actually graduate on time. . . 

. I would’ve liked help from 

an advisor that would give 

me more information on the 

program of study and 

maybe tell me these are the 

courses you’re gonna need.  

A student identified 

needing advising 

support and 

recommended adding 

individualized advising 

sessions during the 

STEM SBP, as it would 

benefit students in 

planning coursework 

across semesters.  

Student 15 Post-semester 

individual 

interview (end 

of semester)  

I needed to figure out how 

to structure my schedule 

now that it’s in my own 

hands. And so, I guess one 

of the big differences in this 

camp is needing to make 

sure that you have a plan 

because I had to figure it 

out myself. 

A student identified 

needing advising 

support during the 

STEM SBP and 

recommended adding 

individualized advising 

sessions during the 

STEM SBP, as it would 

benefit students in 

planning coursework 

across semesters. 

Researcher Texting midway 

through first 

semester 

Today, a student [URG 

sample group] texted me 

worried about financial aid. 

I worked with the student 

by providing a point of 

contact and asking student 

to go to the financial aid 

A student identified the 

need for information 

sessions during the 

STEM SBP on what to 

do if students encounter 

financial or other issues 

that affect registration 
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Participant 

Data collection  

point Example quote Evidence for practice 

office in person to deal 

with the issue. After 

student met with point of 

contact in the financial aid 

office, the issue was 

remedied within the week.  

or could hinder 

completing the 

semester.  

 

The academic and campus resource sessions (Ashley et al., 2017; Conley, 2010; 

Strayhorn et al., 2013) provided as part of the STEM SBP curriculum were mentioned 

repeatedly in the interviews conducted at the end of the participants’ first semester. Some 

students recalled using time management skills learned during the STEM SBP throughout 

their first semester of college to establish proactive planning (Table 26). College 

readiness includes developing behavioral skills that increase student success (Conley, 

2010). While these skills take time to build, teaching SBP participants how to develop 

them during the STEM SBP benefitted some students as they worked to complete course 

tasks.  

Table 26 

Students from URGs’ Comments on the Benefits of Campus and Learning Resources 

Provided During STEM SBP  

Participant 

Data collection  

point Example quote Evidence for practice 

Student 02  Post-semester 

individual 

interview (end of 

semester)  

You’re given this advice 

to write down all the 

important dates. It 

definitely does help, 

especially for your finals 

and the midterms and of 

all your classes. So then, 

the weeks before, you can 

Students felt the 

academic and campus 

resources proved 

beneficial to their first 

semester success.  
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see, okay, this is coming 

out so I need to set some 

time aside so I can study 

and prepare. 

Student 03 

 

Post-semester 

individual 

interview (end of 

semester)  

I feel like that experience 

taught me to use my free 

time wisely and never to 

just kind of sit around. I 

feel like I can always 

accomplish something. I 

try to accomplish an 

assignment like at least 

once a day or else it just 

piles up. 

Students felt the 

academic and campus 

resources proved 

beneficial to their first 

semester success. 

 

Navigating the Campus. During the interviews conducted in the STEM SBP and 

on the STEM SBP post-survey, five of the 11 study participants expressed feeling 

worried about navigating around a large campus. However, as noted earlier, attending the 

STEM SBP acclimated students to the layout of the campus. Based on the data collected 

in this study, introducing an activity that helped students manage logistical concerns 

increased participants’ confidence (Table 27). 

Table 27 

Students from URGs’ Confidence in Navigating the Campus After Attending STEM SBP 

Participant 

Data collection  

point Example quote Evidence for practice 

Student 02  STEM SBP 

pre-semester 

interview (after 

SBP, before 

semester) 

I enjoyed the fact that we were 

in multiple buildings, because 

we kind of walked around to 

see the campus. I mean, during 

the guided tours or open 

houses, you kind of do see the 

campus a little bit, but you 

don’t actually go into the 

Students felt 

apprehensive about 

navigating a large 

campus. Being able to 

live on campus and 

get from course to 

course during the 

STEM SBP increased 
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Participant 

Data collection  

point Example quote Evidence for practice 

classroom. I’d say that during 

camp, it just gave me more of a 

feel for the campus. So at least 

when I start school, I will know 

the general direction or area of 

the buildings. 

confidence and 

alleviated the stress of 

being lost. 

Student 03 Post-semester 

individual 

interview (end 

of semester)  

Yeah, I feel very confident in 

where I’m going. I know what 

entrances lead to the second 

floor, and which lead to the first 

floor, because you know, 

there’s some weird dynamics in 

some buildings. So, I guess in 

that aspect, I feel very 

confident, too. 

Confidence levels 

increased for students 

when they found 

different routes to 

reach courses, thus 

alleviating the 

student’s fear of 

being late to class.  

Student 06 STEM SBP 

pre-semester 

interview (after 

SBP, before 

semester) 

I think the most frustrating part 

is I got lost twice. I felt I went 

the right way, but I had made a 

wrong turn. It took me a while 

to get there. I’m happy I got 

lost now during camp instead of 

during the actual school year. 

Now I understand why I made 

the mistakes I did, and it won’t 

be a downfall during the school 

year. 

Getting lost during 

the STEM SBP 

enabled this student 

to prepare for the first 

semester, including 

articulating the goal 

of attending classes 

and arriving on time. 

Student 08 Post-semester 

individual 

interview (end 

of semester)  

For me, the biggest part was the 

campus acclimation because it 

took me pretty much by the end 

of STEM bootcamp to 

memorize campus. So that just 

made everything easier, like 

getting to classes. I know 

during STEM boot camp, we 

had to get up early in the 

morning. So that prepared me 

for my early classes. The fact 

that we did stuff around campus 

during camp and that we also 

had an early start to the day 

By living in the 

dorms, students were 

able to practice 

getting to and from 

class, so that when 

the semester began, 

they knew how to get 

to their courses, 

which made the 

transition into higher 

education smoother. 
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Participant 

Data collection  

point Example quote Evidence for practice 

made my transition a lot easier 

into the first semester. 

 

Academic Foundation Summary. This section discussed support for study 

participants’ academic and social integration as they transitioned into higher education. 

The qualitative findings indicated that establishing a strong academic foundation during 

the STEM SBP helped students succeed in their first semester. For seven of the 11 study 

participants, the foundational skills learned in the SBP served as the STEM groundwork 

needed for their introductory courses. While no student stated the foundational resources 

did not help prepare them, one student described the importance of recognizing they 

needed to prepare their foundational mathematics in order to be successful, especially 

because the student acknowledged that in high school, they were “one of those people 

that didn’t study” (Student 08) and still did well in school. Even though this student 

realized the need to increase their level of effort, Student 08 recognized the benefits of 

building foundational skills, as it increased their confidence in their skill: “I’m more 

confident in [subject].”  

 All 11 study participants also discussed the importance of knowing which 

university resources were available when encountering personal or academic challenges. 

One observation noted by the researcher connected to the discussion on time management 

and its impact on wellness. Students recognized the importance of the skill but did not 

begin to implement it until they encountered challenges. IHEs implementing SBPs may 

want to find solutions to emphasizing the use of resources, as it is a critical skill—
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perhaps by bringing back SBP alumni to share their experiences. The last finding in this 

section was grouped with university resources because all 11 study participants 

acknowledged that acclimating to a new campus helped alleviate one of their significant 

stressors. These students from URGs were high-performing students, so making sure they 

could navigate between classes and not be late to courses proved important to them.   

Faculty Mentorship and Guidance 

 Faculty mentorship is a pillar within the metaphorical bridge that aids in the 

transition of students from high school into STEM. The connections students make with 

faculty help develop a mentoring relationship that will be useful as their academic careers 

progress. The quantitative data collected from the survey at the end of the STEM SBP 

indicated that all 11 students connected with faculty, learning assistants, or other 

university staff. When asked a follow-up question on the survey regarding who 

participants connected, they described receiving faculty guidance, connecting with tutors, 

learning assistants, and undergraduate assistants, or connecting with other STEM SBP 

staff members and volunteers (Figure 15). 

 

 

Figure 15. STEM SBP study participants’ connection with faculty, learning assistants, 

and other institutional staff.  
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Most participants in this study found faculty and staff connections beneficial 

because they identified someone they could reach out to for support. It is important to 

note that many of the faculty recruited to teach in this STEM SBP also taught first-year 

foundational courses, which proved beneficial to the study participants because when the 

semester began, these faculty served as their first semester professors. Moreover, study 

participants stated that their time spent with faculty and learning assistants during the 

STEM SBP provided personalized interactions (Table 28).  

Table 28 

Students from URGs’ Comments on Personalized Interactions with STEM SBP Faculty 

and Staff  

Participant 

Data collection  

point Example quote Evidence for practice 

Student 02  STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I do see myself being 

successful because even 

through this camp, these 

are professors who are 

already at this school, so if 

I had trouble in math, I 

already have someone I 

can reach out to, an actual 

math professor. So, if I’m 

struggling later on, like 

calc 3 or something, I can 

be like, “Hey, I need a 

little help. Can I get some 

assistance?” Just having 

that face to name reference 

was super helpful. 

Finding faculty at the 

university who will 

teach their courses 

enabled participants to 

connect and ask 

questions they may not 

have been able to ask in 

class.  

Student 04 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I felt that especially, with 

LAs [learning assistants] 

during the math, they 

really helped a lot because 

they were constantly 

walking around and 

Students built 

connections with 

learning assistants they 

met in the camp who 

assisted students during 

the SBP. This student 
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Participant 

Data collection  

point Example quote Evidence for practice 

helping us. Also, having 

the one-to-one interaction 

with the professor was 

really helpful. That’s 

something that I really 

value as a student. 

identified the 

significance of 

individualized faculty 

interactions.  

Student 08 Post-semester 

individual 

interview (end of 

semester)  

When we were in camp, I 

met [professor] and I was 

also in her university 

section [course] the first 

semester. This next 

semester I will have her for 

my science course. So, 

being able to meet her 

face-to-face during camp 

was really helpful. 

Because knowing her in 

person compared to just 

seeing her name on paper 

provided me with a unique 

experience, and I feel like 

it helped me, and she 

knows me by name. 

Students indicated the 

importance of 

connecting with faculty 

who will also serve as 

their first-semester 

instructors. Additionally, 

being able to make a 

connection further 

builds a support network 

for students to reach 

back to for assistance. 

 

Faculty mentorship further developed student confidence because faculty 

purposely established certain lessons in the STEM SBP to prepare study participants for 

their first semester.  

STEM SBP Teaching Pedagogy. Participants in this study appreciated the effort 

made by professors to integrate active and collaborative learning during the STEM SBP. 

This STEM SBP purposely included lessons that would enable students to work 

collaboratively to build knowledge and understand how peers reach similar or varying 

solutions to class work (Bruner, 1997). Moreover, most of the faculty partaking in this 
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SBP built actively engaging lessons that consequently taught students how to adapt and, 

in some cases, how to convert traditional teaching pedagogy into an active learning 

opportunity (Bruner, 1997). Study participants communicated that this student-centric 

instructional method enabled them to discuss their learning concerns openly. As 

evidenced by the participants’ responses, whiteboards, collaboration, and peer instruction 

in the SBP increased student learning during the STEM SBP (Table 29).  

Table 29 

Students from URGs’ Comments on the Student-Centric Approach 

Participant 

Data collection 

Point Example quote Evidence for practice 

Student 01  STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I feel like this was probably 

the most group-intensive 

class I’ve ever taken. 

Because, like, in [high] 

school, you just get a test, 

you get homework, and you 

can work together if you 

want to. But here, since we 

worked on the boards, 

which was a small little 

thing that was different, but 

it blew everything off. 

Because we first did a test 

on the paper, and nobody 

helped each other because 

we’re in test mode; on 

paper it was like I’m not 

gonna get help or anything. 

But on the board, you can 

see other people struggling, 

you can see other people 

having the same problems 

as you, and you empathize 

a lot. So, you tend to work 

together a lot more.  

Students appreciated the 

student-centric method 

used in the STEM SBP. 

It taught them to work 

together through 

challenges and provided 

evidence they were not 

alone in experiencing 

frustrations. They 

further recognized 

enjoying collaborative 

work. 
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Participant 

Data collection 

Point Example quote Evidence for practice 

Student 06 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I think when people work 

with each other, or in 

projects, or in group 

experiments, it helps us 

learn. We were doing the 

physics lab and we had to 

work with each other to test 

the material and collect 

data. And like in math, it 

helped me to help other 

students learn. It counts as 

higher cause and it helps 

me help them learn without 

us asking for help from 

[faculty member]. 

This skill development 

showed students how to 

conduct laboratory 

coursework and learn 

from fellow classmates. 

It further increased their 

resiliency by 

recognizing that they 

can rely on each other.  

Student 15  Post-semester 

individual 

interview (end of 

semester)  

Honestly, in terms of 

STEM classes and lecture 

halls, I personally am not a 

fan. Yeah, that’s why I was 

so glad that in [subject] 

class she was a great 

teacher. I feel [name] 

definitely, even in the first 

lecture or first two lectures, 

I see a noticeable 

difference in terms of just 

the way that she teaches. 

Sadly, we’re in a lecture 

hall, but she didn’t let that 

stop her. She was gonna try 

getting the whiteboards for 

us to work on and she just 

made us care enough to 

make sure that we 

understand.  

This student recognized 

an appreciation for the 

active learning 

methodology used in 

STEM SBP and 

appreciated the same 

faculty member from 

SBP working to make 

the most of a lecture 

hall using whiteboards.  

Student 16 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

In the [subject] class, we’d 

all do problems on the 

board and then we all walk 

around the room to help 

each other out. I sometimes 

Students appreciated the 

student-centric method. 

It taught them to work 

together through 

challenges and provided 
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Participant 

Data collection 

Point Example quote Evidence for practice 

had to help the person next 

to me or they had to check 

my work for mistakes or 

whatever. 

evidence they were not 

alone in experiencing 

frustrations.  

 

Student-centric pedagogy was seen not just in the classrooms but also in the lab 

sessions conducted in this STEM SBP. The laboratory faculty used collaborative work to 

teach lessons, which allowed students to solve problems together while simultaneously 

learning from each other’s perspectives. Study participants learned from classmates and 

appreciated the benefit of collaborative coursework (Table 30).  

Table 30 

Students from URGs’ Comments on Learning from Fellow Classmates During STEM 

SBP and Carrying Insights into the First Semester  

Participant 

Data collection  

point Example quote Evidence for practice 

Student 01  STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

Your pair, your partner make 

you want to find new ways of 

finding the answer. Look at 

something differently. Yeah, I 

think my partner had a 

completely different way of 

looking at the problem. And I 

was just kind of sitting there, 

like, “Ah, good job, man!” 

Understanding that 

there are different 

perspectives, 

developed problem-

solving skills and 

opened the student to 

new perspectives. 

Student 03 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I was required to work with 

others in group activities, or 

when the professor will be 

like, talk to a partner. I’m not 

really that much of a social 

person. 

Working with others 

developed new 

collaboration skills, 

especially when 

students identified 

not being “social.” 

Student 15 STEM SBP pre-

semester 

So, like in STEM camp, 

specifically the [subject] lab, 

Participating in 

various lessons 
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interview (after 

SBP, before 

semester) 

we had to come together as a 

group and make sure that we 

created something. Because in 

the [subject] lab specifically, 

we weren’t given directions. 

We had a problem; we needed 

to figure out ways to test this 

problem and find a solution. 

In order to come up with the 

test, we really had to combine 

our ideas and make sure 

everyone gave their details, 

and that just made it even 

more, I guess, like not unique, 

but it also added more to it. 

during the STEM 

SBP provided 

students an 

opportunity to work 

with others to solve a 

problem.  

 

Another collaborative group project conducted in the STEM SBP was the STEM 

challenge that assigned students a real-world problem. Participants worked in groups to 

learn from each other and build a proposed solution that they presented on the last day of 

the STEM SBP. All students were asked to group themselves and work on this 

assignment. Groups ranged in size from four to nine. Participants’ quotes illustrate a 

consensus that this activity taught them to conduct research, present findings, and learn 

from each other by working as a team (Table 31). Even students who enjoyed working by 

themselves gleaned insight from this collaboration.  

Table 31 

Students from URGs’ Learning from the STEM Challenge 

Participant 

Data collection 

point Example quote Evidence for practice 

Student 02  STEM SBP pre-

semester 

interview (after 

We had a STEM challenge 

where we were in groups 

where we were just tackling 

one of the “world’s biggest 

Students developed 

skills, such as 

researching, 
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Participant 

Data collection 

point Example quote Evidence for practice 

SBP, before 

semester) 

problems” and doing a group 

research presentation. We 

were partnered up based on 

what we wanted to do. Each 

team had a challenge to solve, 

so we kind of work on it 

throughout the week. And it 

just gave you that more 

experience against working in 

a team and then at the end, 

more experience presenting in 

front of people, and just 

taught you how to research a 

little bit better. 

presenting findings, 

and working in teams.  

Student 04 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

The experience itself has been 

a lot based on working with 

others and teamwork. . . . 

During the STEM challenge, 

other people could think 

about things that maybe I 

wouldn’t think about 

personally, and it kind of just 

brought new ideas to the table 

overall. 

Students noted the 

benefits of teamwork 

and learned that 

working with 

classmates can also 

provide different 

perspectives that 

enable growth.  

Student 13 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

[It] was very 

interdisciplinary. So, I’m in a 

group that’s doing a project 

on the decline in pollinator 

populations. We’re all kind of 

working together to do 

research on it to create, like, 

mind maps and different 

things like that, to put 

together a presentation about 

what is causing it, what can 

be done about it, what the 

individual can do, what long-

term goals should be for it. I 

feel like it’s a lot easier to do 

any project when you’re able 

to bounce ideas off each 

Students who were 

not fans of working 

together found it 

enlightening to find 

people who want to 

learn and be involved 

in the assignment 

during the STEM 

SBP. This experience 

removed high school 

perceptions and 

experiences to enable 

growth.  
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Participant 

Data collection 

point Example quote Evidence for practice 

other. In high school, I was 

not a fan of group projects at 

all. But I’ve found here, it’s a 

lot easier, because everyone 

here, at least that I’ve met, 

wants to be here, and they’re 

all trying to learn. 

Student 15 STEM SBP pre-

semester 

interview (after 

SBP, before 

semester) 

I really liked how I could stay 

by myself and work to 

complete the assignments, but 

I feel like when you’re 

working with other people 

you can find new and more 

exciting ways and more 

enriching ways to solve a 

problem than you may think. 

When you’re with other 

people, they bring in different 

ideas, different backgrounds, 

and so you find new ways to 

solve problems and learn. 

Students discussed the 

benefits of teamwork 

and learned that 

working with 

classmates can also 

provide different 

perspectives that 

enable growth. 

 

First-Semester Challenges for Students from URGs. Some students who 

appreciated the student-centric pedagogy during the STEM SBP reported frustration at 

more traditional modes of teaching experienced during the first semester. A few 

participants mentioned faculty rushing to complete lectures and not allowing time for 

students to ask questions. Students found solutions to these challenges independently, 

drawing in part on lessons learned during the STEM SBP. For example, some 

participants recalled finding the information they needed using videos online or searching 

for other resources, such as fellow STEM SBP classmates, to help fill in the missing 

information. Study participant efforts to address these challenges are found in Table 32.  
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Table 32 

Students from URGs’ Building Resiliency and Successfully Navigating Challenges 

Experienced with Traditional Lecture Courses in the First Semester 

Participant 

Data collection  

point Example quote Evidence for practice 

Student 01  STEM SBP 

pre-semester 

interview (after 

SBP, before 

semester) 

I was completely blown away 

by the teacher speaking so 

quickly. I couldn’t catch half 

of what they were saying. I 

was stressed out. But it also 

taught me to ask more 

questions and be more 

involved, you know, be heard 

and stuff like that.  

Increased confidence 

enabled students to 

remedy situations on 

their own. In this case, 

the student took 

ownership and made a 

point to speak up 

during class to have 

questions answered.  

Student 05 STEM SBP 

pre-semester 

interview (after 

SBP, before 

semester) 

I think it was mostly the 

[subject] lectures. There are 

certain aspects of it that I 

couldn’t wrap my head 

around. I left the classroom 

still confused about it. 

Something I learned to do was 

every time I got lost in the 

class was to just write down 

the process of the [subject] 

problem and later, on my own, 

look it up online to learn it. 

Students demonstrated 

resiliency in 

addressing the 

challenges of 

traditional lecture-

style classes. 

Student 04 Focus Group 2 

(after STEM 

SBP) 

The lecture of [course] was 

useless because all the 

professor explained is the 

practice example in the 

textbook and nothing else. 

This student noted 

feeling frustrated at 

the lecture the faculty 

member gave because 

they did not feel they 

gleaned anything from 

it. As the student 

exited the focus group, 

they told the 

researcher they were 

thankful for YouTube 

videos. 
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Research Subquestion 2 Summary 

 The STEM SBP implemented key elements of the SBP pillars to increase 

confidence and build resiliency. Although the first semester was not without challenges, 

all 11 participants communicated that attending the STEM SBP helped them establish 

social connections with peers and faculty that served as support when they encountered 

challenges in their first semester. From a social aspect, students felt they established a 

sound support system during the SBP that carried into the semester, but even with a 

support system, students experienced increased stress levels from an academic 

standpoint.  

Students also recalled learning how important it was to build their academic 

foundation and continued working on it during and after the STEM SBP. However, 

even though this STEM SBP introduced participants to academic and campus resources 

they would need to succeed in their courses, they still encountered challenges. 

Participants remarked on the need to focus on time management skills because they 

noted they did not prepare appropriately for courses, which resulted in not scoring well 

on exams. Another concern noted by students was the need for advising support during 

the SBP so that students could begin the semester with a well-rounded schedule.  

Finally, study participants were introduced to collaborative and active learning 

pedagogical approaches during the STEM SBP that served as a reference point during 

their first semester. Students’ resiliency increased as they gleaned student-centric 

approaches to studying as well, which enabled them to find solutions on their own to the 

challenges they encountered with traditional instructional pedagogy.  
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Although the findings suggested that a small group of students experienced 

challenges in their first semester, 10 of the 11 study participants communicated that the 

social support, academic preparation, and mentorships developed during the STEM SBP 

helped them navigate these challenges, which further increased their ability to persevere.  

Research Subquestion 3 

The third subquestion examined how participation in a STEM SBP affected the 

sense of belonging and interest in STEM among study participants. As Bandura (1997) 

expressed, “The stronger a person’s belief is in their career options, the greater interest 

they show in preparing themselves for it” (p. 161). For this question, the STEM 

Semantics instrument was used to determine if the participants’ efficacy was stronger in 

one of the five subject areas measured on the instrument. The themes were also culled 

from the focus groups and interviews conducted with the participants throughout the 

study. The data collected were analyzed separately and then combined to answer this 

subquestion.  

Results of the STEM Semantics Survey 

As noted in Chapter 3, Cronbach’s alpha was calculated to measure the internal 

reliability of the data collected with the STEM Semantics instrument (Tyler-Wood et al., 

2010). Similar to the GSE, the data set had no missing values, and the reliability analysis 

remained above a normalized scale of α = .70 and was considered sufficiently reliable as 

noted in Table 33 (Lomax & Hahs-Vaughn, 2013). Thus, the scaled data were used to 
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determine interest in STEM (Tyler-Wood et al., 2010), which links to an individual’s 

STEM identity and sense of belonging. 

Table 33 

Internal Reliability of the STEM Semantics Instrument 

Scale Cronbach’s α 

Science .801 

Math .758 

Engineering  .951 

Technology .915 

Career .793 

 

The results of the paired t-tests indicated that no statistically significant 

difference was found between students’ pre- and post-test before and after the SBP for 

the Science, Technology, and Career STEM Semantics scores (Table 34). However, 

student interest in math increased when students participated in the STEM SBP at the 

95% confidence level (pre-test, M = 4.50, SD = .719 and post-test, M = 5.23, SD = 

.514, t(10) = -4.015, p < .05) with a large effect size (d = -1.21). Similarly, student 

interest in engineering was impacted by participation in the STEM boot camp (pre-test, 

M = 4.95, SD = .800 and post-test M = 5.19, SD = .759, t (10) = -2.602, p < .05) with a 

medium effect size (d = .78).  

Table 34 

Quantitative Results from the 2019 STEM Semantics Instrument 

Instrument Time M n SD SE t df Sig. d 

Science  

 

Pre-test 

Post-

test 

5.70 

5.57 

11 .297 

.451 

.089 

.136 

1.41 10 

 

.188 .43 

Small 

Math  Pre-test 4.50 

5.23 

11 .719 

.514 

.216 

.155 

-4.02 10 .002* -1.21 

Large 
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Post-

test 

Engineering  Pre-test 

Post-

test 

4.95 

5.19 

11 .800 

.759 

.241 

.222 

-2.60 10 .026* .78 

Medium 

Technology  Pre-test 

Post-

test 

5.38 

5.52 

11 .581 

.511 

.175 

.154 

-1.57 10 .147 .47 

Small 

Career  Pre-test 

Post-

test 

5.66 

5.65 

11 .341 

.407 

.103 

.122 

.04 10 .968 .01 

Negligible 

Note: *p < .05. 

 

Sense of Belonging and STEM Interest 

The qualitative data collected to answer this subquestion indicated a link between the 

students’ feeling of belonging in STEM and self-efficacy. As noted in Chapter 3, students 

must find some association with a group or program to increase their sense of belonging if 

they are to persist in their program of study. For study participants, the STEM SBP served as 

one community, and during the semester, they found other campus organizations that aided 

in increasing their sense of belonging to the STEM community (Table 35).  

Table 35 

Students from URGs’ Feeling of a Sense of Belonging in the STEM Community During 

the STEM SBP and After the First Semester  

Participant 

Data collection 

point Example quote 

Evidence for 

practice 

Student 01  STEM SBP 

pre-semester 

interview 

(after SBP, 

before 

semester) 

I definitely feel like I could be a 

scientist, you know, like I think 

this is probably the most 

confident that I’ve ever felt and 

that this is what I want to do. 

And this is what I’m gonna fight 

for, and I am really pushing 

Students from URGs 

identified feeling a 

sense of belonging 

to the STEM 

community and an 

increasing 

confidence level.  
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Participant 

Data collection 

point Example quote 

Evidence for 

practice 

myself to get there. Because, 

you know, it just makes me 

happy. And it’s fun. Yeah. 

Student 02 STEM SBP 

pre-semester 

interview 

(after SBP, 

before 

semester) 

Oh, I’d say I feel better about 

my belonging more in the 

engineering sense because I do 

kind of enjoy math, but also like 

the creativity aspect of it. It’s 

like you can kind of make 

anything that’s somewhat 

possible. You can theoretically 

make anything you want with 

the right materials or the right 

formulas. And just if you try 

hard enough, you can make your 

way because engineering gives 

you the background that you 

need to achieve almost anything.  

Students’ sense of 

belonging increased 

as they progressed 

through the STEM 

SBP. This student 

was also able to 

discern the type of 

program they saw 

themselves 

completing based on 

enjoying math and 

the flexibility that 

comes with 

becoming an 

engineer. 

Student 03 STEM SBP 

pre-semester 

interview 

(after SBP, 

before 

semester) 

Yeah, I feel like I belong to the 

STEM community, which for 

me is like really weird to say 

because I always thought I was 

kind of average, or like, maybe 

below average. I always started 

out thinking that STEM is for 

like educated people, you know. 

I feel like this camp has really 

shown me that I could do it as 

well. And I have the skills to 

reach my full potential. And 

definitely that I have people 

around me with the same skill 

set, higher or lower, but we’re 

all supporting each other and 

having each other’s back. If 

we’re confused on something, 

we ask each other, and it’s just a 

very, very strong family. 

Increased self-

efficacy also 

increased this 

student’s sense of 

belonging, and 

attending a STEM 

SBP where fellow 

STEM SBP 

classmates 

championed each 

other’s success led 

to a positive 

transition into the 

first semester. 

Student 06 STEM SBP 

pre-semester 

I do see myself part of the 

STEM community. I always 

Students’ sense of 

belonging increased 



133 

 

Participant 

Data collection 

point Example quote 

Evidence for 

practice 

interview 

(after SBP, 

before 

semester) 

wanted to be in it. Well, 

originally I wanted to be a 

robotics engineer. I later 

changed it to mechanical 

because I know the program is 

very complicated. So, I wanted 

to focus on mechanical and then 

lead into robotics. So, I always 

saw myself as this type of 

engineer because ever since I 

was a child, I always wanted to 

build robots and other types of 

machines. So, I think I’ve 

always been part of the STEM 

community, and I guess I’m 

learning more about it as I 

progress.  

as they progressed 

through the STEM 

SBP. This student 

noted always being a 

member of the 

community as they 

recalled childhood 

memories.  

Researcher’s 

Observation 

Focus Group 2 

(after STEM 

SBP) 

Student 06 further stated feeling 

a member of the STEM 

community when he identified 

joining a robotics club on 

campus. During this focus 

group, this student proudly 

displayed to the focus group 

participants the work he 

completed for the team’s 

competition. 

Students’ sense of 

belonging increased 

when students 

started their 

semesters and began 

joining campus 

clubs that further 

developed their 

interest in their 

STEM field and 

built more support 

connections. 

Student 17 Post-semester 

individual 

interview (end 

of semester)  

Yeah, like I can see myself as 

STEM attendee and member. 

It’s a good question. I see 

myself as going to be an 

engineer that is to be electrical 

engineering. No, sorry, I meant, 

I see like me being an electrical 

and computer engineering.  

Students’ sense of 

belonging increased 

as they progressed 

through the STEM 

SBP. Like this 

student, most 

students in this study 

specified exactly 

what career field 

they envisioned in 

their future.  
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For those study participants who came into the STEM SBP thinking that STEM 

was only for a certain type of individual, connecting with fellow students from URGs and 

faculty during the SBP established a sense of belonging.  

Research Subquestion 3 Summary 

 The quantitative and qualitative data confirmed that the STEM SBP increased the 

sense of belonging for students. Moreover, 10 of the 11 study participants interviewed 

after their first semester felt they did belong in STEM and were specific about the jobs 

they wanted to pursue, such as electrical and computer engineering. The one student who 

was unsure had joined a new non-STEM club during the semester and was battling with 

how to make both interests connect. Finally, several students mentioned joining campus 

clubs such as the robotics team in their first semester, which they felt also boosted their 

sense of belonging in the STEM community.  

Research Subquestion 4 

Subquestion 4 focused on identifying experiences that contributed to the retention 

of students from URGs in a STEM program of study through the first semester. While the 

pillars that ground the transition into a STEM program of study are beneficial to all 

students, in this study, they also worked well to retain the STEM SBP participants 

encountering additional challenges during their first semester in a STEM program of 

study. Understanding how these challenges impact students from URGs, can benefit IHEs 

by providing insight into how students mitigated them to achieve success.  
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Additional Factors Affecting Students from URGs in STEM 

Throughout this study, additional factors affecting students from URGs in STEM 

surfaced.  These issues were grouped into four themes: culture, previous experiences, 

earning their place, and role models that look like them. 

Culture. For those from URGs, family ideals and cultural values can create 

conflict between students’ goals and their family’s goals (Seymour & Hewitt, 1997). For 

example, in some cultures, young people can seek educational attainment if they continue 

to value traditional cultural beliefs, such as staying close to home. For women, this 

cultural requirement may mean that educational attainment comes second to a traditional 

role of childbearing (Taningco et al., 2008). A female participant discussed wanting to 

dismantle the notion that she should be married with children and not entering her first 

semester in higher education. She explained that her parents wanted her to be successful, 

but her extended family disagreed (Table 36). After Student 13 made this comment, the 

researcher asked the other study participants if this statement resonated with them. 

Several female students nodded. When asked to elaborate, no other student spoke up. 

Table 36 

Student from a URG’s Feeling of Pressure from Family to Maintain Cultural Values 

Participant 

Data collection  

point Example quote 

Evidence for 

practice 

Student 13  Focus Group 1 

(during STEM 

SBP) 

My dad always told me: Just because 

your cousins don’t think you can do it 

[go to college], it doesn’t mean you 

can’t. And he always pushed me to enter 

this field because we both want to prove 

them wrong. But I’ve always kind of 

been motivated by the fact that in their 

eyes I should be married with children 

Female 

student 

recognized 

additional 

pressure 

from 

extended 

family 
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by now. But instead, I want to pursue an 

education, and I want to be in the STEM 

field. 

because she 

chose to 

attain an 

education. 

 

A first-generation student from a URG expressed that STEM was more than just 

an education. It was also an opportunity to change this student’s future. Thus, Student 

01’s family highly encouraged attending college. For this student, there seemed to be 

additional pressure from family because the student’s success in achieving a degree 

would also improve the family’s future (Table 37). 

Table 37 

First-Generation Student from a URG’s Identification of the Importance of Education 

Attainment 

Participant 

Data collection  

point Example quote 

Evidence for 

practice 

Student 01 Focus Group 1 

(during STEM 

SBP) 

I felt that growing up in [another 

country] as well, there’s a lot of 

pressure to do really well because 

you know, our family fears we’ll end 

up in poverty… And so that’s always 

been a big motivator for me 

academically, just to push through 

any challenge, because we know the 

alternative and there’s like no safety 

net. It’s like you’re doing something 

for your family and stuff like that. 

Added pressure 

from family can 

be an issue for 

students.  

 

Previous Experiences. During the focus group, study participants raised the topic 

of having experienced discrimination in the past. All students were then asked to raise 

their hand if they experienced discrimination in some form during their educational 



137 

 

experiences (e.g., racism, sexism, or homocism). All 11 students raised their hands. Two 

student participants discussed examples of discrimination they experienced. Based on the 

literature, experiencing discrimination is not uncommon in STEM (Guy & Boards, 2019; 

McGee & Bentley, 2017; Rodriguez et al., 2017). Students from URGs in this study 

voiced a concern that actual or perceived discrimination experienced in the past 

(Seymour & Hewitt, 1997) intensified the apprehension they felt before beginning their 

first semester (Table 38).  

Table 38 

Comments from a Student from a URG on Academic Society Prejudgments Based on 

Race 

Participant 

Data collection  

point Example quote Evidence for practice 

Student 02  Post-semester 

individual 

interview (end 

of semester)  

There’s pressure I put on 

myself, but also in society. 

Because we are minorities and 

people oftentimes look down 

upon us and say: Oh, most 

likely aren’t going to be 

successful, or they can’t do it.  

Student describing 

additional pressures of 

academic society 

looking down on the 

student because this 

student is a minority. 

 

Sexual orientation was not specifically considered in this study, but students 

introduced this topic as a form of perceived discrimination by STEM faculty in their high 

schools. In Table 39, Student 15 referenced personal experiences within the classroom 

demographics of straight, White males. Recognizing gender, race, and sexuality within 

their classrooms made this student feel isolated and unable to acknowledge his sexuality. 
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Table 39 

Student from a URG’s Discussion of Dealing with Homophobic Comments by Faculty 

and Classmates 

Participant 

Data 

collection 

point Example quote 

Evidence for  

practice 

Student 15  Focus  

Group 1  

(during  

STEM 

SBP) 

Well, coming to this university, my worries 

are completely wiped away because this 

university has a high diversity rate. But 

living in [state] from eighth grade to the end 

of my junior year, I felt it was really like a 

struggle for me because not only am I [race 

identified], but I am also homosexual. So, I 

feel it’s a lot of pressure on me because I 

don’t want to be the reason why someone 

feels they can put me down, because of it 

[homosexuality]. For some reason, 

especially in that area where I was from, I 

felt like I was always the butt of the jokes. I 

mean, people would make offensive 

comments and sometimes I just tried to 

laugh it off. But at the same time, it’s like 

they’re going with the mindset that I can’t 

do this [STEM courses] or that I can’t even 

walk “straight” [using air quotes to 

reference his homosexuality]. Comments 

like that upset me. People seem to think it 

seems funny, but they don’t have to 

experience it at the same time. My defense 

mechanism is to laugh it off. And when it 

comes to something with STEM, what 

everyone is saying, you know, that it is a 

predominantly White culture, like a straight 

White male-dominated industry, well not 

industry but field. It can be what separates 

me because it makes you feel isolated. 

Students in this 

focus group 

previously felt 

a form of 

perceived 

discrimination 

and increased 

pressure 

because faculty 

and classmates 

made 

homophobic 

remarks, and 

they had to 

pretend to be 

straight. For 

this student, if 

he experiences 

it again, it may 

be a reason he 

leaves his 

STEM 

program of 

study.  

 

Seymour and Hewitt (1997) found that students from URGs expected challenging 

encounters with faculty because they had experienced or perceived an oppressive social 
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system. As such, Seymour and Hewitt (1997) noted that students of color are taught by 

parents/guardians to be respectful of authority figures but to use official channels to voice 

concerns if incidents of discrimination occur. For some study participants, their 

parents/guardians preemptively prepared them to expect discrimination in some way and 

had established plans for how they expected them to handle these experiences (Table 40).  

Table 40 

Student from a URG’s Comments on Expecting and Planning for Discrimination in 

Higher Education Based on Past Experiences 

Participant 

Data collection  

point Example quote 

Evidence for  

practice 

Student 08  Focus Group 1 

(during STEM 

SBP) 

My parents always talked to me when I 

was younger. They essentially presented 

me with the fact that “Oh, you’re 

different. You’re ethnically different in 

this field and that’s just a fact.” Or 

they’d say, “Hopefully, one day it will 

be different, but this is the case, and you 

have to deal with it, and people are 

going to be out of line in some cases.” 

So, having that reality, I guess you 

could say at a younger age, it teaches 

you to essentially be stronger and a little 

bit more adaptive to adversity, which is 

clearly going to happen at any point in 

time to anybody in any type of like 

situation as far as life is concerned. 

That’s just how it goes. So, I feel like in 

some ways, the fact that we can all 

share that same, I guess, challenge of 

being ethnically and culturally diverse, 

it is the fact that we face. We faced that 

adversity a little bit earlier than some 

people might have, and then we can 

handle it better early. I guess in my 

case, get a thicker skin to what people 

may say or do to you. 

Students of 

color 

anticipated 

discrimination. 

During the 

STEM SBP, 

students felt 

connecting 

with fellow 

students of 

color who 

understand the 

demographics 

of the STEM 

environment 

can serve as a 

support system 

and further 

build 

resiliency.  
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To reiterate, students’ from URGs discussed that past educational and personal 

experiences shaped their expectations and determination as they entered their first year of 

college in STEM.  

Earning My Place. While participants shared their concerns about facing 

discrimination, they also expressed clearly that they wanted to earn their STEM 

education and future opportunities. All 11 of the students participating in the first focus 

group wanted recognition and careers based on their qualifications. Students emphasized 

this point before we moved on to the next question (Table 41). 

Table 41 

Students from URGs’ Desire to Earn Their Place Within the STEM Community 

Participant 

Data collection 

point Example quote 

Evidence for  

practice 

Student 13  Focus Group 1 

(during STEM 

SBP) 

I was just gonna kind of add really 

quick something that I felt a little bit 

weird about in the STEM community, 

and that is that some of the people who 

are recruiting are trying really hard to 

create diversity, which is a good thing, 

but sometimes they go about it the 

wrong way and it just kind of feels 

weird. Like I’ve been in a position 

where I have toured a school or looked 

at a program and I’ve just been 

immediately offered a spot because 

they had no one like me. And I’ve 

always felt weird about that because 

the goal is that if I’m qualified for a 

position that I can get regardless of 

sex, race, whatever, then great. But I 

don’t want to be given something that 

I’m not qualified for or somebody 

else’s better qualified, simply because I 

add diversity to the group. If I get the 

position, I want to get it because I am 

While study 

participants 

applauded 

diversity, they 

wanted to earn 

their place 

within the 

higher 

education 

STEM 

community 

and within the 

STEM 

workforce.  
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Participant 

Data collection 

point Example quote 

Evidence for  

practice 

the most qualified person to get it. I 

don’t want to feel like I’m somewhere 

just because they want their pictures to 

look good or just because they want 

people to think that they are not 

discriminating. 

Student 15 Focus Group 1 

(during STEM 

SBP) 

I agree, it’s exploitive. Students do 

not want to be 

exploited to 

meet a quota 

for a university 

or an 

employer.  

Student 02 Focus Group 1 

(during STEM 

SBP) 

Yeah, and it’s condescending. Students 

recognized this 

type of 

profiling is 

occurring both 

in higher 

education and 

within the 

STEM 

workforce.  

Note: The student examples were placed in order of speaking sequence for this table to provide 

context.  

 

Role Models Who Look Like Them. Recalling the discussion on role models 

from Chapter 2, faculty role models or faculty who “look like” students from URGs are 

limited in higher education (Figure 10). Research has indicated that having role models 

from similar backgrounds can help students strengthen self-efficacy because these role 

models prove that overcoming stereotypes is possible (Seymour & Hewitt, 1997; 

Slovacek et al., 2011; Strayhorn, 2012). Participants in this study identified that finding 
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someone who looked like them in STEM courses could be challenging, and they accepted 

that as the current situation.  

Seven of the 11 students in the URG sample noted that a faculty member’s 

ethnicity mattered. More specifically, they initially thought diverse STEM faculty would 

be important to them in their first year. However, as participants built confidence and 

established connections during the STEM SBP and in their first semester, they also found 

diverse faculty in their non-STEM courses and peers in their STEM courses to serve as 

role models (Table 42). 

Table 42 

Students from URGs’ Identification of the Need for Role Models Who Look Like Them 

Participant 

Data collection  

point Example quote 

Evidence  

for practice 

Student 03  Post-semester 

individual 

interview (end 

of semester)  

Because it was a research course, I 

was so overwhelmed with one of the 

assignments. Because we had to look 

for so many sources, and, you know, 

started this whole, like, research 

project that I didn’t, I was, I was 

gonna just turn it in late, even though 

I knew professors don’t accept stuff 

late, but I just, I was willing to risk it. 

And then one of my cousins, she also 

goes here, she convinced me to go to 

his office hours, to kind of ask him 

for help. And, I was so nervous about 

because he was also a White male. 

And I was, I was so nervous, because 

I didn’t want to kind of like, I guess, 

ask for help. 

Students expressed 

apprehension at 

approaching a 

professor who did 

not look like them, 

although 

encouragement 

from a relative 

helped the student 

resolve the matter.  

Student 08 Post-semester 

individual 

interview (end 

of semester)  

I feel like the first semester, it 

definitely mattered more to me than 

now. And that could just have to do 

in general with my confidence going 

During the first 

semester, study 

participants felt 

more comfortable 
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up and approaching professors. But 

during the first semester, I did 

connect better with those that 

represent or were similar to me. So, 

for instance, one professor, he wasn’t 

a female, but he was also Black. And 

we did connect, and I feel a good 

level like I would feel comfortable 

maybe even asking him for a 

reference should that come up or 

something. I was more intimidated to 

approach my more traditional-style 

professors. So, like they would be 

White or male, or both White and 

male, those combinations 

specifically.  

approaching non-

STEM faculty 

who looked like 

them.  

 

Another student from URGs acknowledged finding one professor from a URG 

instructing his STEM course. During the interview, the conversation then shifted to this 

student discussing attending this STEM SBP with other students of color and feeling an 

increased sense of belonging (Table 43).  

Table 43 

Students from URGs’ Comments on Faculty’s Ability to Increase Their Sense of 

Belonging to the STEM Community 

Participant 

Data collection 

point Example quote 

Evidence for  

practice 

Student 15  Post-semester 

individual 

interview (end 

of semester)  

A lot of like the science teachers 

that I’ve had down the line, 

they’ve always been White men. 

It’s kind of crazy. I mean, don’t 

get me wrong. I really like the 

classes and they usually have some 

really nice people teaching, but, 

you know, maybe it sounds really 

bad for me to say, but they’re all 

White. I’ve been taking [subject] 

A sense of 

belonging to the 

STEM 

community 

increased when 

students found 

professors who 

looked like 

them. Building 

connections with 
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Participant 

Data collection 

point Example quote 

Evidence for  

practice 

classes since I was in ninth grade 

and it always like felt like there 

was a certain type of person that 

was always in those classes and I 

was kind of like the outlier. So, I 

never really thought that I would, 

like, fit in any STEM, but it 

[subject] is just something that like 

I really did enjoy. I felt like I never 

knew enough about it to feel like I 

was in the community. In this 

university, though, I feel, more 

aligned because this university is 

so diverse. This group [STEM SBP 

group of URGs] has also made me 

feel like no matter how much you 

know about anything, you’re still a 

part of the community, even if 

you’re still learning. 

fellow students 

from URGs 

during the 

STEM SBP built 

confidence and 

provided 

support.  

Researcher’s 

field note 

Field note 

during post-

semester 

individual 

interview (end 

of semester)  

When the student and I discussed 

having a role model in the 

participant’s favorite subject, it 

was interesting to see a change in 

physical appearance. The student 

seemed excited while describing 

this experience. The student sat up, 

smiled, and enthusiastically shared 

this experience with me. The 

participant along with another 

classmate walked up to the 

instructor after class for formal 

introductions. This student was the 

same race and gender as the 

professor.  

A sense of pride 

was also noted 

as the student 

discussed 

finding a 

professor who 

looked like the 

student. The 

student initiated 

contact with the 

STEM professor.  

 

As these participants explained, finding someone who looked like them helped 

further break the STEM stereotypes they have experienced (Seymour & Hewitt, 1997; 

Slovacek et al., 2011; Strayhorn, 2012). They also found that approaching someone who 
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did not look like them was not as difficult as they imagined, partly because they gained 

confidence while partaking in the STEM SBP. Female participants also built connections 

with professors in STEM and non-STEM courses who were both similar and different in 

gender and race. The discussion on underrepresented women in STEM continues in the 

next section.  

Underrepresented Women  

The topic of underrepresented women in STEM identified three themes in this 

study linked to: intimidation, marginalization, and double minority. 

Intimidation. Seymour and Hewitt’s (1997) seminal work studying students from 

URGs and the reasons for their departure from IHEs recognized that students entering 

their first year in a STEM program of study could “quickly begin to feel isolated, 

insecure, and intimidated” (p. 256). In this study, participants felt intimidated when they 

began their first-semester STEM courses because there were many instances when they 

were one of a few students from different ethnicities, and most classmates were of one 

ethnicity or gender. These feelings were especially prevalent for female participants, who 

indicated that their peers in STEM courses were predominantly White men. The women 

in this study recalled joining together with other women in their STEM courses to create 

solidarity and support (Table 44). 

Table 44 

Female Students from URGs’ Description of Their Experience as a Minority in STEM 

Courses 

Participant 

Data collection  

point Example quote 

Evidence for 

practice 
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Student 02  Post-semester 

individual 

interview (end 

of semester)  

I’ll say in my [subject] lab class, I 

think there’s only four girls 

including me, which makes us 

feel like we kind of need to stick 

together. Then hopefully all of us 

will end up sitting at the same 

table working together. And in a 

way has made me feel like, since 

we are all minorities and are the 

underdogs, so we kind of need to 

step up, and just do or work twice 

as hard and just do better in class. 

Women in this 

STEM course 

identified 

themselves as 

minorities because 

of their gender. 

Recognizing that 

URGs include race 

and gender 

establishes what the 

literature labels as a 

double minority 

(Rodriguez et al., 

2017, p. 264). 

Student 13 Post-semester 

individual 

interview (end 

of semester)  

I definitely felt like a gender 

minority in my [subject] class. It 

was me and maybe two or three 

other girls, and it was relatively a 

large class. I mean, it was still a 

fun class, but it was a little weird, 

because the entire class setup was 

we were split into groups in the 

beginning. And every group 

project we did we were with the 

same group. I joined a group with 

two other girls. Let me do a little 

bit of math; I think there were 

about five or six people per group 

and there were probably about 

five or six groups. I want to say it 

was around 30+ boys. And there 

were only like three girls. 

Women in this 

STEM course 

identified 

themselves as 

minorities because 

of their gender. Guy 

and Boards (2019) 

asserted that women 

in STEM “carry the 

burden of two 

historically 

marginalized groups 

in higher education” 

(p. 361). 

 

Marginalization. During their first-semester STEM courses, women in the study 

expressed being treated differently by their male classmates, which led to the female 

students working together (Table 45). According to Guy and Boards (2019), when 

women “experienced negativity and discouragement in their academic pursuits, it proved 
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detrimental to them continuing their education” (p. 361). These experiences also impact 

their confidence and self-esteem (Guy & Boards, 2019).  

Table 45 

Female Students from URGs’ Description of Feeling Marginalized by Male Classmates 

Participant 

Data collection  

point Example quote 

Evidence for 

practice 

Student 13  Post-semester 

individual 

interview (end 

of semester)  

In one class, I was actually pulled 

in by one of the few girls in my 

class who was sitting right behind 

me. She’s like: “Do you want to be 

in my group?” I also noticed with 

the other groups, the girls in the 

class were not taken very seriously 

by the boys in the class. But the 

professor was a woman, and she 

called it out every time she saw it. 

We would have situations where 

like, each person was supposed to 

speak during her presentation 

assignments, and in one class, all 

the boys had spoken on a slide for 

the group and the girl was left to 

read off the works cited page. 

Fortunately, the professor was 

like: “Are you kidding me?”  

Female participants 

indicated building 

camaraderie with 

other female 

students when 

taking STEM 

courses that were 

largely filled with 

male students.  

 

Double Minority. Women in the study also reported that they did not feel a part 

of the STEM community because they had mostly seen the same types of students in their 

courses throughout their educational experiences (Table 46). For some of the women in 

this study, overcoming the “double minority” proved challenging because “their 

resiliency was in opposition to racist and sexist structures experienced in the classroom” 

(Rodriguez et al., 2017, p. 10). 
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Table 46 

Female Students from URGs’ Lack a Sense of Belonging when Most Classmates Are 

Male 

Participant 

Data collection  

point Example quote Evidence for practice 

Student 03  Focus Group 1 

(during STEM 

SBP) 

I feel like STEM has always 

been a big part of my life, but I 

feel like I could have never 

identified myself as someone in 

STEM because I will always, 

you know, be like I’m in a lot of 

science classes, I’m going to 

pursue [subject], but it’s just, I 

don’t know. I feel like how 

having this look of STEM is 

something that’s only for certain 

people of a certain look and your 

race is telling you don’t and 

stuff. 

Female student from 

a URG felt STEM 

was only for certain 

people based on the 

demographics in the 

classes she took in 

high school. 

Attending the STEM 

SBP increased her 

confidence that 

women belong in 

STEM. 

Student 13 Post-semester 

individual 

interview (end 

of semester) 

But it is a thing here, where even 

when talking about research, 

every once in a while, I would 

pitch an idea and the boys 

wouldn’t really listen. Then one 

of them would say my idea and 

another guy would be like, 

“Yeah, yeah, that’s good!” I was 

like: “Are you kidding me? I just 

said that.” Yeah. So, there’s a 

little bit of that going on. 

This female student 

expressed 

experiencing being 

marginalized by the 

male students in 

STEM courses. 

 

Although female students in this study discussed experiencing the “double 

minority” effect during their first semester, the STEM SBP increased their resiliency as 

they worked together in groups and supported each other.  
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Unintended Consequences: Supporting Students from URGs Through Texting 

Rust’s (2018) research found that students from URGs text at higher rates than 

students from non-URGs, and the insight gleaned during the pilot study in 2018 led the 

researcher to find a way to sustain communication with the 2019 study participants. The 

researcher did not expect to build a connection of mentorship and trust with these 

students through texting and ongoing communication. Thus, a noteworthy finding in this 

study was the use of texting as a means of connecting with students during their first 

semester in college.  

Although there are studies that reference the importance of faculty using texting 

to connect with students (Burke, 2019; Harley et al., 2007; McCarthy, 2016; Rust, 2018), 

this communication method further facilitated the researcher’s ability to mentor the study 

participants even after the final focus group. However, when responding to students, the 

researcher ensured that texting recommendations found in the literature were followed. 

For example, the tone was professional and texts were written to each student 

individually (Burke, 2019; Harley et al., 2007; McCarthy, 2016; Rust, 2018). Campus 

resources or the university point of contact was provided to assist study participants.  

Throughout their first semester, texts were sent at least twice a month to check in 

with participants and at times to provide informational resources such as tutoring services 

(Table 47). There were also instances in which participants reached out to the researcher 

asking for information. For example, one student asked about internships, and the 

researcher worked with the university’s career services office to collect information. This 

office responded with several resources that were then sent to the study participants. 
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Table 47 

Texting as a Form of Connecting with Study Participants and Mentorship 

Participant 

Data collection 

point Example quote 

Student 01 Text to 

researcher 

Hi, I have some questions on how I can apply for 

internships for this summer. Can you direct me to 

some resources on where to go so I can get 

internships in hospitals to help out? 

Researcher 

Field Note 

First semester 

field note 

I found resources for internships and sent it out to the 

group. This text serves as an example of a condensed 

text I sent to participants (next entry): 

Researcher 

Text to 

Students 

First semester 

text to students 

Hi again. I recently inquired about internships for 

pre-med students and was given the information 

listed in this text below. If you are interested in an 

internship in the health industry, please reach out to 

[name]. Her contact information is in the below text 

along with the links. She’ll explain how to attend an 

internship fair and what to do to prepare. Good luck!  

Student 04 Text to 

researcher 

Thank you so much for this [internship] message! It 

really helps. 

Researcher 

Text to 

Students 

First week in the 

semester, text to 

students 

Hi [name], I am checking in to see how your first 

week of the semester is going? How are classes 

going? 

 

The data texts were categorized into three coding categories: cordial and 

informational, urgent, and check-in. Texts consisting of emojis or graphics were grouped 

based on participants’ responses or inquiries. Some texts in the examples were condensed 

or paraphrased to anonymize participants or university personnel. 

Cordial and Informational Texts. The cordial and informational category 

included texts students sent that were not prompted by the researcher but sent to share 

good news or information about their semester or to respond to focus group invitations 
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(Table 48). Receiving those texts serves as evidence that sustaining contact with students 

after the SBP further builds connections and mentorships. 

Table 48 

Students Relaying Information or Cordially Responding to a Focus Group Event by Text 

Participant Data collection point Example quote 

Student 15 Text to researcher I took an engineering class, and I am thinking 

about switching to electrical engineering. 

Everything is pretty chill.  

Student 03 Text to researcher My [subject] LA [learning assistant] is having a 

review session before my [course] test from 4-8 

pm on Friday so I don’t think I can make the 

pizza party. 

 

After receiving each text, the researcher always responded within 24 hours. The 

goal was to build a connection with students and acknowledge their concerns or news, 

while providing guidance or simply cheering them on for their next exam.  

Urgent Texts. Urgent texts were sent by study participants when they 

experienced uncertainty or encountered a stressful situation. For many of these issues, the 

researcher suggested a relevant campus resource and provided contact information for 

those offices. These logistics proved useful, and study participants then resolved the 

issues independently, displaying resiliency (Table 49).  

Table 49 

Texts from Students Needing Urgent Assistance During the Research Study 

Participant Data Collection Point Example Quote 

Student 01 Text to researcher Hi [name], sorry for sending this on a Sunday. I 

got an email from housing. . . . Can you help? 



152 

 

Student 04 Text to researcher Hi [name], sorry to bother you, but can you resend 

me the tutoring schedule from the learning center? 

I am having trouble with [course name]. Thanks! 

Student 15 Text to researcher Hi [name], sorry for this late text, but I need to 

withdraw from a course because I have taken on 

too much. . . . How long do I have to wait for the 

application to be processed?  

 

For each of these urgent texts, the researcher responded immediately and again 

connected students to a university subject matter expert such as the housing office or the 

registrar’s office. Participants then reached out to these individuals and asked for 

assistance to remedy their concerns.  

Check-in Texts. In this category, study participants responded to questions the 

researcher posed, such as: How is your first week going? Have you started to prepare for 

midterms? During the first month of the semester, participants often reflected on the 

benefits of participating in the STEM SBP and expressed appreciation for the 

opportunity. Students also expressed concern about their time management skills and 

requested contact information for the learning center so that they could reach out and 

further build these skills (Table 50). 

Table 50 

Check-in Text Response from Study Participants 

Participant 

Data collection 

point Example quote 

Student 16 Text to  

researcher 

My first week went well, the math review has been a 

great help. Also, the time management suggestions have 

greatly impacted my productivity. I have procrastinated 

a lot less. 
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Student 04 Text to  

researcher 

STEM Camp helped out so much, [name]! Not only did 

I know where my classes were, but I was also very 

prepared for my classes! So glad I went! 

Student 15 Text to  

researcher 

Things are going pretty good, my midterm grades were 

all [letter grade] except for 1 [letter grade] in one of my 

labs, but besides that everything is fine. 

 

Finding a modern communication tool, such as texting, allowed the researcher to 

maintain a connection with participants through their first semester because all the 

students used this type of communication daily. It allowed the researcher to inquire how 

participants were doing in school and learn about their first semester challenges. An 

unintended consequence of this connection was that participants found an additional 

resource and asked questions as needed.  

It may be helpful to point out that the researcher was not an employee of this 

university. As noted earlier, the researcher was a graduate student, so the privacy laws 

that faculty need to adhere to, such as the Family Educational Rights and Privacy Act 

(FERPA), did not impact her connection with the students. However, for IHEs, it may 

prove beneficial to determine the university policy for texting and the implications of 

FERPA for institutional employees (Frank & Wagner, 2018). One way to overcome that 

concern may be to provide faculty with work phones that can be used as a 

communication tool and enable monitoring through the institutional information 

technology policies.  
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Research Subquestion 4 Summary 

 The findings from this subquestion identified that students from URGs were 

affected by other experiences that may influence retention in STEM programs of study. 

Some common themes shared by these participants mirrored those outlined in the 

literature, such as family pressures, the lack of diverse STEM role models, and 

discrimination based on gender, race, and sexual orientation. Experiences in the STEM 

SBP helped identify other influences that may affect the retention of students of color.  

Conclusion 

Chapter 4 has described the findings related to this study’s four research 

subquestions. Quantitative data results presented statistically significant findings for the 

STEM Semantics Survey in the categories of math and engineering. Additionally, the 

“quantitized” (Saldaña, 2013, p. 26) and coded qualitative data provided significant 

findings for students participating in this study.  

The first research subquestion discussed qualitative findings on self-efficacy. 

While the quantitative data were not statistically significant, the qualitative data 

demonstrated that most study participants noted an increase in self-efficacy and 

confidence after attending the STEM SBP. Although these same students experienced 

some confidence loss, they used the lessons learned from the STEM SBP to improve their 

own performance during their first semester and to build resiliency.  

The qualitative findings related to the second research subquestion indicated that 

study participants found that the social connections, academic preparation, and 

mentorships with faculty and staff at the STEM SBP further increased their self-efficacy 
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and prepared them for their first semester. Key findings were linked to the support 

networks students developed during the STEM SBP with fellow students from URGs and 

non-URGs, and with SBP faculty and administrative staff. Moreover, introducing 

students to academic and campus resources and student-centered instructional approaches 

helped students find solutions to challenges faced in their first semester.  

The qualitative findings related to the third research subquestion found that 

students in this study further increased their sense of belonging in the STEM community. 

The STEM SBP improved the students’ sense of belonging by introducing them to STEM 

content and real-world activities as well as to classmates and mentors. Participants further 

increased their sense of belonging by finding diverse faculty members to serve as role 

models. The STEM Semantics Survey’s quantitative data indicated that the STEM SPB 

increased student interest in math (p = .002) with a large effect size and student interest in 

engineering (p = .026) with a medium effect size. 

Finally, the qualitative findings related to the fourth research subquestion 

indicated that study participants had other experiences that impacted their first semester. 

Most of the themes were similar to those identified in the Chapter 2 literature review. The 

findings may serve to benefit other IHEs implementing STEM SBPs. Chapter 5 offers 

further discussion of these results and addresses the main research question. 
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CHAPTER 5 

As noted in Chapter 1, federal agencies are preparing for 1.4 million science, 

technology, engineering, and mathematics (STEM) retirements by 2024 (Fayer et al., 

2017). Moreover, the development of new STEM occupations within the federal 

government will require hiring STEM graduates to work against “national security 

threats” (U.S. Government Accountability Office, 2013, p. 11). Since the federal 

government strives to hire a diverse workforce, the need to ensure students from 

underrepresented groups (URGs) feed into the STEM pipeline remains critical for 

institutions of higher education (IHEs) and federal agencies.  

 Therefore, this study examined how a STEM summer bridge program (SBP) 

impacted students from URGs transitioning into their first semester of college at a large 

public research institution in the mid-Atlantic region of the United States. Using a 

convergent mixed-methods design (Creswell & Plano Clark, 2018), quantitative and 

qualitative data were collected to answer the four research subquestions, which then 

provided insight into the main research question (Table 51). The results of this study 

identified seven themes that connected to the pillars within the metaphorical bridge—one 

of which, “Additional Stress Factors,” is new and specifically affects students from 

URGs. 
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Table 51 

Study Research Question and Subquestions 

Type Question 

Main 

question 

How does a STEM SBP impact students from URGs during their 

transition into the first semester of college? 

Subquestions 1. How is the self-efficacy of students from URGs impacted after 

completing a STEM SBP? 

2. How does a STEM SBP support students from URGs’ academic and 

social integration? 

3. How are the sense of belonging and interest in STEM for students 

from URGs influenced following participation in a STEM SBP?  

4. What experiences contributed to the IHE’s retention of students from 

URGs in a STEM program of study through their first semester? 

 

 

 

The next section discusses the central findings in connection to the current 

literature on the retention of students from URGs in higher education and the theoretical 

framework. The chapter then presents implications for higher education, 

recommendations, study limitations, suggestions for future research, and the chapter 

conclusion.  

Discussion of Findings: STEM SBP Impact on Students from URGs 

The findings from this study demonstrated that the STEM SBP positively 

impacted students from URGs by exposing them to the STEM curriculum, introducing 

academic and campus resources, and facilitating mentorships that increased students’ 

ability to attain success (Bandura, 1997; Tinto, 1993). Answering the four research 

subquestions in Chapter 4 led to culling out themes that affected the retention of most 

participants in this study (10 of the 11). Although most of the key themes were 

anticipated based on the literature, other findings were specific to students from URGs 
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entering STEM programs of study. For example, as examined in Chapter 4, students from 

URGs contended with additional issues related to culture, perceived or actual 

discrimination, and lack of role models. The women in the study reported experiencing 

the double minority phenomenon, even at an institution as diverse as this one. 

Understanding how to mitigate these additional stressors may benefit other IHEs working 

on the retention of students from URGs in STEM programs of study. This section begins 

by returning to the study’s model of how the SBP program serves as a bridge from high 

school to college. It then discusses self-efficacy as the underlying component, as well as 

each of the supporting pillars, and concludes by answering the main research question for 

this study. 

STEM SBP as the Metaphorical Bridge Between High School and College 

STEM SBPs that build students’ confidence through academic efficacy and social 

connections provide a means of overcoming a commonly experienced lack of self-

efficacy (Bandura, 1997; Seymour & Hewitt, 1997; Tinto, 1993). Removing additional 

stress factors for students from URGs before the start of the semester allowed participants 

to focus on their program of study when the semester began. Moreover, building 

supportive relationships helped participants increase personal efficacy, especially among 

those who began the program questioning their ability or their confidence. Thus, students 

participating in this STEM SBP built a stronger personal efficacy and increased their 

interest in education (Bandura, 1997). 
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The researcher’s original model representing the SBP pillars (Chapter 2, Figure 7) 

based on Ashley et al.’s (2017) research changed slightly based on this study’s outcomes. 

The meaningful statements (Carspecken, 1996) in the qualitative data indicated that 

participants acknowledged different ways in which each of the lessons obtained 

throughout the STEM SBP aided in building their confidence and self-efficacy and 

helped them persist during their first semester (Tables 14-18). Figure 7 accounted for 

confidence building as one of the pillars; however, based on the results of this study, the 

researcher asserts that confidence and self-efficacy were gained throughout the study. 

Since some of these significant findings are linked to students from URGs stating 

that their confidence and ability levels increased due to the STEM SBP, the researcher 

updated the metaphorical bridge model. The new model reflects confidence building and 

self-efficacy as the bridge’s foundation, with other facets of the program serving as the 

pillars (Figure 16). As the findings in Chapter 4 note, confidence increased as the 

students experienced each activity and their self-efficacy increased as they mastered the 

academic skills taught in the SBP. Last, a new pillar was added that focused on 

mitigating additional stress factors that participants in this study recognized as 

influencing their transition into their first semester. This new pillar is discussed later in 

this section.  
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Figure 16. Updated model of how the STEM SBP enabled students from URGs to 

successfully complete their first semester in a STEM undergraduate program of study.  

Theme 1: Self-Efficacy 

Although the quantitative data results from Chapter 4 noted no statistically 

significant results, the qualitative data indicated that the STEM SBP increased self-

efficacy and resiliency for nine of the 11 students from URGs in this study. The 

remaining two students indicated that their confidence levels increased, but there was no 

connection to efficacy or the increased belief in their ability to attain success (Bandura, 

1997). For the study participants, this STEM SBP served to bridge the gap of 

transitioning into higher education by increasing academic and social skills, providing 

insight into college campus life, and introducing students to key resources shown to 

support student transitions, as reflected in the literature (Ashley et al., 2017; Kitchen et 

al., 2018; Tinto, 1993; Walpole et al., 2008).  
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As Ashley et al. (2017) outlined, conducting coursework without penalty and 

taking lessons learned into their first semester further increased confidence for students 

from URGs. Study participants acknowledged that they expected their college STEM 

courses to mirror high school STEM AP courses, but the two were not the same (Table 

15). Having this idea debunked before the start of the semester (Seymour & Hewitt, 

1997) helped students recognize the importance of strategic learning behaviors (Bandura, 

1997; Tinto, 1993). Most of the time, this realization does not occur for students until the 

first semester when the attrition risk is higher.  

In this STEM SBP, faculty repeatedly reinforced the need for students to prepare 

for first-semester STEM courses (Tables 16 and 26) and use available resources to 

navigate challenging issues (Tables 26 and 27). As a result, students learned that they 

needed to plan their weekly schedules to complete coursework and even leaned on each 

other to create study groups.  

Because we [Student 08 and Student 03] were super close right after camp and we 

kind of went into the first semester taking the same courses, . . . knowing we had 

[Subject A] and [Subject B] together, . . . [we formed] a promising study group. 

. . . Since she’s better in one [Subject B] and then I tend be more [Subject A], it’s 

just good to help each other out. What we’re gonna do is meet up, . . . like 3 days 

before, and we’re gonna go over it together and see what we can get done. And 

like, yes, this is what I need, that support. (Student 08) 

Some of the students from URGs recognized that they needed to identify 

academic resources, too. As noted in Chapter 4, the survey conducted after their first 
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semester revealed that students from URGs who attended the SBP expressed confidence 

and planned specific changes to improve their second semester (Table 17).  

Theme 2: Academic and Campus Resources 

Themes 2 through 5—academic and campus resources, foundation preparation, 

social connections, and faculty mentorships—were developed through findings from 

Subquestion 2.  

Providing academic and campus resources such as tutoring or advising was in line 

with the findings of Ashley et al. (2017) and Van Dinther et al. (2011). Academic and 

campus resources such as tutoring or learning services positively impacted student 

outcomes because knowing about them encouraged students to use them and solve 

problems encountered during the first semester (Cabrera et al., 2013). During the end of 

the semester interviews, students suggested including additional resources in future 

programs. For example, they recommended including scheduling sessions with academic 

advisors to provide assistance planning out class schedules for the current and future 

years. They also recommended including sessions with financial aid advisors to discuss 

mitigating problems (Table 25) and introducing more subject matter experts from critical 

administrative areas such as disability services office. Helping students navigate campus 

resources could prove beneficial to student retention. 

One component of the philosophical framework related to the need for higher 

education students to construct their own knowledge as a means of learning (Bruner, 

1997). Students attending this STEM SBP learned key strategies that enabled them to 

prepare for their first semester. For example, study participants modeled teaching 
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modalities used by the SBP faculty to overcome challenges with traditional lecture-style 

courses (Tables 28, 29, 32). The literature has indicated that STEM SBPs are mostly 

taught using active learning methodologies or using a student-centric curriculum because 

they increase student performance (Bruner, 1997; Freeman et al., 2014; King & 

Masterson, 2011; Prince, 2004; Tinto, 1993). During the STEM SBP, many instructors 

used the student-centric methodology. Students appreciated this and commented about 

taking what they learned in the program and applying it later in the semester, as they 

acknowledged being disappointed when they discovered that not all courses use this 

pedagogical approach. However, participants stated they drew on what they learned 

during the STEM SBP to increase their learning by using active learning methods to 

prepare for their exams and collaborating with fellow STEM SBP peers.  

As noted in the theoretical framework and this study, STEM pedagogy continues 

to change slowly (Mervis, 2011; Park, Williams, et al., 2019, McCoy et al., 2017; 

Seymour & Hewitt, 1997). Even so, students in this study found solutions to dealing with 

the traditional lecture. For example, as they learned in the SBP, participants used 

whiteboards to work on their academic assignments together, which enabled them to “see 

other people struggling” (Student 01) and informed them that they were not the only ones 

who felt this way. Moreover, it encouraged academic and social discussions on strategies 

used to answer problems.  

Theme 3: Foundation Preparation 

The STEM SBP increased confidence and efficacy levels for students from URGs 

by building foundational academic skills that all study participants described needing to 
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refresh. Study participants were placed in the appropriate math courses during the STEM 

SBP, which further increased efficacy in ability. As the literature has noted, students from 

URGs are more likely to begin STEM programs of study underprepared due to lack of 

resources or faculty, which can affect self-efficacy (Castro, 2014; Liu, 2018; Murphy et 

al., 2010; Suzuki et al., 2012) and lead to students leaving STEM programs (Chen, 2013). 

IHEs hoping to retain students of color should consider setting up a STEM SBP that can 

develop students’ academic skills and teach students how to use college resources to 

overcome challenges encountered in their first semester. Participants in this study 

reported learning how to address academic challenges experienced in their first semester, 

which helped them complete the semester.  

Theme 4: Social Connection 

All students entering higher education will encounter challenges. Having access 

to support and encouragement decreases feelings of isolation and promotes resiliency 

(Hurtado et al., 2011; Stolle-McAllister, 2011; Tinto, 1993; Tomasko et al., 2016). As 

evident in this study, all 11 students from URGs indicated that building friendships and 

connections with fellow STEM SBP students and establishing mentorships with faculty 

and staff were significant benefits of the STEM SBP. Establishing a support team, 

including faculty and peers, further supports the growth of social and personal efficacy 

(Bandura, 1997).  

An essential element of social connections was encouraging interactions with 

each other in a neutral environment. As discussed in Chapter 3, this SBP purposely built 

in five team-building activities (Table 19) to promote connections and increase students’ 
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sense of belonging to the STEM community. Two key team-building activities especially 

resonated with these study participants: the scavenger hunt and the STEM challenge. The 

first familiarized students with the campus and STEM classrooms and labs. The latter 

demonstrated collaborative work with peers. To ensure students connected with most, if 

not all, of the SBP participants, faculty grouped them randomly. IHEs implementing 

SBPs should consider purposefully including activities that promote connections with 

other students of color, as this enables a sense of belonging among students from URGs 

(Hurtado et al., 2011; Stolle-McAllister, 2011).  

Theme 5: Faculty Mentorships 

Study participants appreciated the support and encouragement received from 

STEM SBP faculty, institutional staff, administrators, peers, and mentors. As Tinto 

(1993) explained, “The more frequent and rewarding interactions are between students 

and members of the institution, the more likely individuals are to stay” (p. 166). Students 

from URGs indicated that including in the SBP faculty who also taught first-year courses 

enabled informal introductions and allowed faculty to help prepare students to handle the 

first-year curriculum. Similar to what has been described in the literature, study 

participants valued interactions with faculty, and these connections further enabled 

students to learn about discipline-specific norms (McCoy et al., 2017).  

As Tinto (1993) discerned, effective retention programs have faculty actively 

involved in supporting students to make the most of their education. Faculty in this 

STEM SBP focused on a student-centric pedagogy and developed lessons that enabled 

students to work collaboratively to build knowledge (Bruner, 1997). Students, for 
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example, used whiteboards to teach other students in a working group how they 

approached solving a problem, which led to open discussion of various solutions or 

concerns without being singled out.  

In this study, students from URGs noted that the labs included in the SBP proved 

beneficial because students felt prepared for labs during the fall semester. Some 

participants were able to build on this experience and serve as peer instructors for fellow 

lab classmates who had not attended STEM SBP. IHEs should consider including lab 

coursework in the SBP curriculum to provide foundational knowledge and experience in 

a nongraded environment, which can minimize academic stress once formal college 

courses begin.  

Theme 6: Mitigating Added Stress Factors Affecting Students from URGs in STEM  

The literature on URGs presents factors that are not covered directly or indirectly 

in the STEM SBP pillars (Ballen et al., 2018; Guy & Boards, 2019; Seymour & Hewitt, 

1997; Shaffer et al., 2013; Taningco et al., 2008; Tinto, 1993). Thus, a new pillar was 

added to the metaphorical bridge illustration (Figure 16) to ensure IHEs implementing 

SBPs recognize that these stressors exist. The new pillar encompasses the understanding 

that students from URGs experience stress factors related to other personal and academic 

experiences that are not fully explained by the original pillars. This theme was addressed 

in Chapter 4 under Subquestion 4. 

Additional stress factors include students’ cultural values and beliefs (Bruner, 

1997; Seymour & Hewitt, 1997; Taningco et al., 2008), discrimination in various forms 

(Dell et al., 2019; Guy & Boards, 2019; McGee & Bentley, 2017; Rodriguez et al., 2017), 
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and the lack of role models found across the nation (Figure 10), specifically of 

individuals who look like them (Blackburn, 2017; Seymour & Hewitt, 1997; Tinto, 

1993). Since women continue to remain underrepresented in STEM, women from URGs 

are what is known as a double minority (Rodriguez et al., 2017). The paragraphs that 

follow further discuss these additional stress factors described by study participants.  

Cultural Values. Culture shapes the minds of individuals and establishes how 

one makes meaning of different lived experiences, including learning (Bruner, 1997). For 

students from URGs, their culture serves as the navigation system to understanding what 

is being taught by faculty. Bruner (1997) further acknowledged that “learning and 

thinking are situated in a culture setting and are always dependent upon the utilization of 

cultural resources” (p. 4). Some study participants acknowledged that their cultural 

values sometimes impeded their goals for a STEM education as they tried to do the right 

thing within their family culture, yet also wanted to continue pursuing their STEM 

program of study.  

In this study, for example, one student’s family was apprehensive about her 

continuing an education in STEM, which was outside of the traditional cultural gender 

role. While Taningco et al. (2008) maintained that these beliefs are slowly diminishing, 

for some students of color, this added pressure remains very real and was important 

enough to mention during the focus group. For students like this one, who feel drawn to 

STEM and want to respect their culture, IHEs may need to show students how they can 

use their STEM degree to impact their communities positively. In doing so, IHEs further 

increase students’ sense of belonging in STEM and mitigate feelings of guilt.  
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While there are existing programs that host information or orientation sessions for 

parents, such as the one at Georgia Tech (Murphy et al., 2010), they are usually specific 

to a field or college. The Challenge Program at Georgia Tech focuses on the students’ 

successful transition into the engineering program. Parents are included in the orientation 

so that they can also serve as part of the student’s support network. This university 

invests funding in the program so that parents can familiarize themselves with the 

common pitfalls experienced by STEM students and the solutions that can help their 

student overcome these challenges (Murphy et al., 2010). 

First-Generation Students. Two of the four first-generation students in this 

sample viewed their STEM program of study as an opportunity not to be wasted 

(Seymour & Hewitt, 1997) because it could mean a better life not just for themselves but 

also for their families. They stated they were dealing with added stress because, as 

Student 01 noted in Table 37, “you’re doing something for your family.” Students 

encountering such challenges, which may seem inconsequential for other students, 

sometimes find other solutions to the added family pressures, such as leaving STEM for a 

more manageable and attainable program of study. As noted in this study, the added 

stress for this student was linked to knowing that obtaining an education was an 

opportunity that enabled an escape from the poverty experienced in the student’s birth 

country.  

These first-generation students acknowledged that the STEM SBP proved 

beneficial to them in completing their first semester in a STEM program of study. 

According to Taningco et al. (2008), many times parents “may not be able to provide 
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complete academic or financial support,” which may mean that first-generation students 

from URGs are balancing schoolwork, employment, and other responsibilities that enable 

them to continue pursuing their college degree (Taningco et al., 2008, p. 8). Therefore, 

there are times that first-generation students rely heavily on their support networks to 

navigate through the challenges experienced in their first year in a STEM program of 

study (Tinto, 1993).  

Understanding additional family pressures that first-generation students encounter 

may assist IHEs in learning how to build STEM SBPs that support students with 

additional stress factors and perhaps even work to mitigate them. To reiterate, IHEs 

should consider having members of other critical programs such as the first-generation 

program participate in the SBP and possibly serve as mentors to first-generation students. 

Earning Their Place. Students from URGs wanted to share a trend they 

experienced as they prepared to select colleges. Students entering STEM programs felt 

patronized as they went on their interviews with universities across the nation. They 

stated with contention that they were tired of universities wanting to enroll them into their 

programs simply so they could check a box for diverse students. They all agreed that it 

was insulting to their culture and their ethnicity. Instead, these students acknowledged 

wanting to earn their place in higher education. IHEs should consider this point when 

recruiting students from URGs into STEM programs of study.  

Discrimination (Actual and Perceived). Although this study did not focus on 

discrimination, all 11 study participants acknowledged having experienced discrimination 

in previous formal educational settings. They specifically identified having experienced 
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some form of racism, sexism, and/or homocism (Tables 38 and 39). The literature has 

identified “well-documented higher attrition rates of women and underrepresented 

students across STEM disciplines due to discrimination” (Ballen et al., 2018, p. 593). 

Participants further indicated that they expected to encounter discrimination at some 

point in their higher education career. For students of color, their parents also expected 

discrimination and prepared their children on how to handle it (Table 40).  

The discussion on discrimination included past experiences that shaped students’ 

higher education expectations of their first year. The STEM SBP provided study 

participants the opportunity to build a support network with fellow students of color, 

which aided in finding mentorships with someone who looked like them. Students of 

color recognized the lack of faculty diversity and were drawn to learning assistants from 

URGs; they built friendships with these learning assistants, which led them to attend the 

learning assistants’ study groups (Table 48).  

Yeah, I was always terrified of going to like office hours and stuff like that. And it 

was helpful getting to know [Learning Assistant 1] and [Learning Assistant 2]. . . . 

I would always go to their office hours, so I stayed connected. Oh, yeah. There’s a 

very large, very prominent group of us from STEM camp that we’re still hanging 

out every day with them. (Student 15) 

If IHEs are to address this issue, it is essential to have a person from a URG 

leading the effort to “foster a more positive environment for diversity” (Park, Kim, et al., 

2019). Moreover, as IHEs focus on diversifying STEM faculty, they may want to 
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consider interim solutions such as recruiting graduate and undergraduate students of color 

to serve as mentors or learning assistants.  

As Student 15 expressed in Table 43 and this quote, it makes a difference when 

students see someone who looks like them:  

So, I mentioned this to [another STEM SBP student] the other day where I was, 

like, a lot of the physics professors that I have are White, but he’s Spanish, he’s 

not American. We went to meet him [Spanish professor] right after class. 

While discrimination is a significant national concern for IHEs that requires 

further research and subject matter expertise, IHEs can benefit from this study by taking 

the findings from this research to inform planning and implementation of future STEM 

SBPs. For example, SBPs could include advisors or diversity specialists as part of the 

SBP curriculum to help students address any concerns they may have about 

discrimination, connect with positive role models to lean on, and work towards getting 

the support they need to persevere in the program. According to Lee and Barnes (2015), 

not addressing discriminatory ideologies can create a culturally insensitive environment 

in which students from URGs may experience discrimination. Discrimination in any form 

(racism, sexism, homocism) can lead to poor performance and students leaving STEM 

(Lee & Barnes, 2015). 

Double Minority: Women in STEM from URGs. The female students in this 

study expressed feeling intimidated in their STEM courses because they experienced the 

double minority phenomenon (Rodriguez et al., 2017). Not only were they one of a few 

students from URGs in the STEM course, but they were one of very few women in each 
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class. Female study participants built their community within the classroom (Table 45), 

which helped them overcome this experience to some degree. They capitalized on the 

developed skill of collaboration, which was emphasized in the STEM SBP.  

Female study participants expressed facing what Guy and Boards (2019) referred 

to as “significant adversity within the academic climate” (p. 361). The women in this 

study experienced perceived or actual sexism from their male peers. Moreover, as noted 

in the literature (Bench et al., 2015; Blackburn, 2017; Luong & Knobloch-Westerwick, 

2017; Rea, 2015; Shaffer et al., 2013), these female students felt added pressure to do 

well in their STEM courses by “working twice as hard and just doing better in class” 

(Student 02) to prove that they belonged in STEM. The female study participants 

attempted to mitigate these challenges by working together and speaking up for 

themselves. Although STEM programs continue efforts to recruit more female students 

and faculty, IHEs must continue to reinforce female students’ sense of belonging 

(Seymour & Hewitt, 1997) by connecting them with role models who look like them who 

can “reinforce the idea that hard work is the way to succeed in STEM” (González-Pérez 

et al., 2020, p. 3). 

As the literature has discerned, perceptions and experiences of racism or sexism, 

and even homocism, continue in the STEM higher education environment (Carell et al., 

2010; Chen, 2013; Espinosa, 2011; Guy & Boards, 2019; McGee & Bentley, 2017; 

Seymour & Hewitt, 1997). If students from URGs are to graduate from STEM programs 

of study, IHEs nationwide must continue to address the additional issues that impact 
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these students. Otherwise, students from URGs may choose to leave their STEM 

programs instead of dealing with the added stress factors. 

Role Models. For students from URGs, having role models who look like them is 

important to building trust, as students in this study indicated (Tables 42 and 43). Role 

models serve as effective social support for all students, but are especially vital to the 

success and retention of URGs in higher education (Tinto, 1993). Tinto (1993) explained 

that having “like-person role models who have successfully navigated the waters of 

majority institutions appear to be an especially important component to the student’s own 

success” (p. 186). While study participants indicated that most of their first-year 

instructors were White men, they also indicated feeling a connection with some of the 

faculty they met in the STEM SBP.  

Although most students from URGs expressed the importance of finding faculty 

who looked like them to serve as role models, they resolved to accept that there are not 

many faculty in this university’s STEM program who look like them. One student noted 

that as long as faculty remained accessible, it was okay: “If someone’s like friendly and 

approachable, I’m okay” (Student 02). This topic was initially reserved for future 

research; however, since participants addressed it in this study, it appears beneficial to 

reiterate that, ideally, having as a mentor a faculty member who looks like the study 

participants contributes to student retention and persistence in STEM programs of study 

(Blackburn, 2017; Slovacek et al., 2011; Tinto, 1993). However, when programs lack 

diversity in faculty, IHEs should focus on ensuring faculty make connections that build 

trust. 



174 

 

Further, study participants found a strong support system with fellow students of 

color from the STEM SBP and among undergraduate learning assistants. These students 

not only looked like them, but they were also experiencing the same academic path. 

Some students also acknowledged finding non-STEM faculty from similar races and 

ethnicities with whom they formed mentorships during their first semester. IHEs may 

want to consider pairing students from URGs with faculty members across the institution 

to form mentorships.  

For this STEM SBP, people from URGs included learning assistants, SBP staff, 

and graduate students, including the researcher. The connections made with people of 

color opened the possibility of connecting with role models, but perhaps more 

importantly, allowed students time to develop mentorships with STEM SBP faculty so 

that connections could be established and carried into their first semester.  

IHEs implementing STEM SBPs can glean insight from these findings. A first 

step is to recognize that students from URGs experience additional stressors, requiring 

additional support from STEM SBP staff even after the summer program ends. Second, 

staff can ensure that resources introduced in the SBP are readily available on the IHE 

website or another easy access point so that students can easily find the information. 

Finally, since study results identified that texting helped sustain the connection with 

students during the first semester and provided an additional resource to assist with these 

additional stressors, IHEs may consider investing in a graduate student to support STEM 

SBP students through their first year in STEM to better increase retention. 
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Theme 7: Sense of Belonging 

This final theme was addressed under Subquestion 3. The literature on this pillar 

established that early participation or experiences in STEM are important to begin 

developing a student’s identity (Strayhorn, 2012), especially for those students who 

might lack confidence in believing they belong in the STEM community (Bandura, 

1997). When students from URGs recognize that they belong in STEM, their persistence 

increases (Seymour & Hewitt, 1997; Strayhorn, 2012). Similarly, Rodriguez et al. (2017) 

stated that students from URGs who confidently acknowledge their sense of identity 

within STEM establish an empowered sense of knowledge and belonging to the STEM 

community.  

In this study, data identified an increased interest in certain subjects among 

participants and indicated that these students felt they did belong in the STEM 

community. Statistically significant increases were present between the pre- and post-

STEM Semantics Survey for study participants’ interest in math and engineering (Table 

34). Qualitative data indicated that study participants felt apprehensive about this 

connection before the STEM SPB; however, the SBP experience served to change that 

perspective. SBPs such as this one focused heavily on encouraging social connections so 

that students could join and even build their own communities and further establish social 

membership (Ashley et al., 2017; Kitchen et al., 2018; Stolle-McAllister, 2011; 

Strayhorn, 2012; Wathington et al., 2016).  
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Answering the Main Research Question 

The 11 students from URGs expressed that the STEM SBP at this large public 

research institution in the mid-Atlantic region of the United States positively impacted 

their first semester in college. The students from URGs noted that the STEM SBP helped 

them successfully transition into higher education with minimal or no damage to self-

efficacy. This key finding is important because the program helped correct without 

consequences, thus enabling students to gain academic efficacy, build confidence, and 

strategize how to move forward once the semester began. Further, those study 

participants who recognized that they were not as prepared for their first semester as they 

imagined were able to set up working groups with fellow SBP attendees and revisit their 

schedules to determine if they were in the right foundational courses.  

The findings in this study further connected to the theoretical framework, which 

can guide how IHEs plan and build STEM SBPs to retain students from URGs 

successfully. Tinto (1993) asserted that the first year of college, especially the first 

semester, is critical to student persistence in higher education. Tinto (1993) contended 

that for students to fully transition into a more challenging college career, they must 

remove themselves from past associations and patterns. This STEM SBP study 

recognized that those students from URGs who attended and connected to each of the 

pillars in the metaphorical bridge, including mitigation of additional stress factors, 

successfully transitioned and were retained in a STEM program of study. 

For the participants in this study, the retention rate was high (Figure 17), as 10 of 

the 11 students remained at this university and entered their second semester in a STEM 
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program of study. For the 10 students remaining in STEM, degree attainment is much 

closer, as they achieved their first important milestone for retention, making it through 

their first semester (Tinto, 1993). All five female study participants remained in a STEM 

program of study, and one student changed from one STEM major to another. Among the 

six male study participants, one student changed from one STEM major to another, and 

another left STEM (Chen, 2013). This student transferred to another university and 

changed his major to a non-STEM field. When asked why he changed majors, the student 

explained that after he joined a campus club, he found a new passion and was not sure 

how he could combine it with his love for physics. Another critical finding is that two 

students in this study (a male and a female) added a STEM minor to their current STEM 

major after joining a robotics and engineering club. These examples serve as key 

indicators for IHEs on how increasing the sense of belonging to a community further 

develops perseverance.  

 

 

Figure 17. Retention rates for students from URGs participating in the study. All women 

were retained, but one of the men left a STEM program of study and transferred to 

another university.  
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 Although study attrition affected qualitative data collection for the entire group, 

including all students from non-URGs, the researcher did capture the metric on whether 

these students completed their first semester. Since the population was discussed in 

Chapter 3, the researcher chose to present these findings for situational awareness and to 

close the discussion (Figure 18). As with the students from URGs, the female students 

from non-URGs all remained in their STEM program of study. Since qualitative data 

were not available to discern impact, future research on the impact the program has on all 

students is planned.  

 

 

Figure 18. Retention rates for students from non-URGs who did not complete the study. 

These study participants did not meet the study criteria and did not continue in the study 

past the SBP. However, they did confirm completing the semester and remaining in 

STEM. All female students from non-URGs were retained.  

Although this study is small, its rich qualitative data provided insight into how 

IHEs can begin to impact the STEM pipeline so that civilian and federal organizations 
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can hire the employees needed to fill STEM professions. Figure 19 illustrates the 

forecasted increase in STEM graduations for students from URGs if nothing were to 

change (the current “as is” state) as well as a predicted (“to-be state”) if public IHEs 

across the United States implement at least one STEM SBP annually. The status quo is 

insufficient to meet the federal government’s needs due to the 1.4 million retiring 

employees, as well as the new jobs being created and the new technological advances. 

The predicted state was calculated by taking the retention increase of the study 

participants and calculating it with the 2019 actual STEM degree conferment data from 

the IHE where the study was conducted. These data sets were then combined to forecast 

possible graduation rates through 2024 using Excel’s simple linear regression analysis. 

This forecasted model establishes possible outcomes if IHEs across the nation 

implemented at least one SBP during the summer for incoming students from URGs 

enrolled in a STEM program of study.  
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Figure 19. Forecasted retention rates for the status quo and if all public IHEs in the 

country implemented at least one SBP. 

To solve the issue of graduating more STEM students to feed the STEM 

workforce pipeline, IHEs are encouraged to increase the number of students they recruit 

into their SBPs and implement at least one iteration of a STEM SBP. IHE STEM 

administrators may consider collaborating with the institution’s college acceptance 

personnel and the registrar’s office to aid in recruiting students from URGs entering 

STEM. Finally, a consideration all IHEs must face is funding. IHEs may consider pulling 

resources together from the varying STEM college departments and working with the 

federal government for sponsorships and internships. Sponsorships enable more students 
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to attend because they eliminate the issue of paying for the SBP. Attending SBPs can be 

quite costly due to the residential experience. However, the dorm experience is critical to 

the sense of belonging and the building of connections, so it should remain part of the 

SBP experience whenever possible.  

Implications for Higher Education 

According to Bandura (1997), “Programs of social change often fail because they 

do not proceed beyond the preconditioned stage aimed at informing people and altering 

their attitudes towards the innovation” (p. 513). This research study provided practical 

implications for IHEs seeking to retain students from URGs in STEM programs of study 

by implementing a STEM SBP. Understandably, issues or challenges are to be expected, 

but making adjustments as lessons are learned can enable growth and achieve the desired 

change (Bandura, 1997). This section reiterates the lessons learned from this study, which 

can serve as a possible checklist for IHEs striving to retain students from URGs in their 

STEM programs. 

Reinforce the Pillars of the STEM SBPs to Build Confidence and Self-Efficacy 

Study participants built resiliency and confidence by participating in a STEM 

SBP that reinforced the pillars of academic and campus resources, foundational 

preparation, social connections, and faculty mentorships. In this study, students 

connected as they developed together to overcome the reality that high school AP courses 

were not the same as college STEM courses. The SBP also reinforced foundational 

courses and lab work that encouraged growth and built self-efficacy. This program 
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helped bridge the gaps and enabled students to prepare for the critical first semester of 

college. 

Increase Students’ Sense of Belonging 

Study participants identified a significant interest in math and engineering, which 

increased their sense of belonging in STEM. Moreover, the qualitative data indicated that 

faculty emphasis on active learning allowed students to learn from each other and 

demonstrated other ways to prepare for exams independently. Furthermore, students 

stated that joining clubs and connecting with fellow students of color led them to believe 

that they were a part of the STEM community.  

Address the Need for Role Models Who Look Like Students from URGs 

To reiterate Tinto’s (1993) seminal work, students from URGs need role models 

who look like them because that validates that their aspirations are achievable. It also 

influences their sense of belonging to the STEM community they have sought to be 

affiliated with since high school, and for women, it reinforces that perseverance for 

women is possible (Blackburn, 2017; Guy & Boards, 2019; Seymour & Hewitt, 1997; 

Slovacek et al., 2011; Strayhorn, 2012; Tinto, 1993). Addressing this finding requires 

long-term solutions, but in the interim, current faculty can focus on building trust and 

strengthening connections with students from URGs during the STEM SBP. Recruiting 

learning assistants and undergraduate assistants of color currently in a STEM program of 

study or who attended a SBP may also prove beneficial in retention.  
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Apply Modern Pedagogy 

STEM pedagogy is a culture unto itself and one that lacks modernization for the 

21st century. While some faculty strive to implement a student-centric curriculum, too 

often this culture maintains the same instructional methodologies that, while not 

intentional, lead to the loss of students from URGs (Mervis, 2011). This STEM SBP 

championed a group effort to implement active learning, which built foundational 

academic skills and further developed students’ abilities to use these approaches, such as 

collaborative learning, to prepare for exams. IHEs should continue to learn from the 

STEM SBP format and strive to modernize the STEM instructor-centric or lecture format 

found in most STEM foundational courses.  

Introduce Additional Resources During the STEM SBP  

Students from URGs expressed interest in additional services both during and 

after the STEM SBP session. They specifically mentioned financial counselors, academic 

advisors, and disability services. Perhaps addressing the need for advisors to participate 

in the SBP is a lesson IHEs can take from this study.  

IHEs implementing STEM SBPs should consider expanding these resources so 

that students can address concerns before starting their first semester and increase their 

chances of remaining in the STEM program. Although this SBP did cover several 

resources, finding a way for students to reach back or locate those resources may prove 

beneficial as well. IHEs could host this information in a one-stop resource on their SBP 

website.  
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Work to Eliminate Additional Stress Factors for Students from URGs 

IHEs should seek to eliminate additional stress factors identified by study 

participants to promote retention of students from URGs in STEM. If students feel caught 

between STEM and their family’s cultural beliefs, there may be ways to identify and 

support these concerns. IHEs should focus on Tinto’s (1993) retention theory to include 

students establishing connections. As learned in this STEM SBP, faculty, graduate 

students, mentors, and staff helped participants overcome challenges and provided 

beneficial guidance and support. Additionally, these connections helped students see the 

link between attaining educational goals and benefiting their families, culture, or 

community. Including parents as part of the program may aid in mitigating students’ 

experience of guilt about what is expected of them by their families.  

IHEs can invest in hiring several graduate students from URGs (consider a 1:20 

ratio) who can mentor students and check in on them throughout their first year. Such 

individuals can host sessions during the SBP or throughout the semester to ensure that 

students have resources to assist them through the process. More importantly, graduate 

students could check in regularly with students to remind them of the resources identified 

during the STEM SBP and build a professional mentorship that could further improve 

retention.  

Offer Texting and Support for URGs Through the First Year 

As noted in the literature, higher education students today use texting as the 

preferred communication method (Burke, 2019; Chicca & Shellenbarger, 2018; Harley et 

al., 2007). Utilizing texting to communicate with students allowed the researcher access 
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to the study participants, as they all had smartphones and used texting daily to 

communicate with their friends and family. The researcher repeatedly communicated 

through texts with students to check in or ask questions about the research study. Using 

this communication methodology proved beneficial for the students from URGs, as they 

then texted the researcher when they encountered challenges. As noted in this study, the 

researcher assisted study participants by redirecting them to academic or campus 

resources, which enabled them to handle the issue and overcome their challenges.  

This resource proved beneficial to students, as it eliminated possible detractors 

that could easily have led to study participants leaving their STEM program of study. 

Thus, it is highly recommended that IHEs implementing a STEM SBP invest funding that 

provides faculty or staff from the SBP with cell phones they can use to remain connected 

with students from URGs through their first year. Providing this resource ensures that the 

Family Educational Rights and Privacy Act (FERPA) is not violated (Frank & Wagner, 

2018), but more importantly, it modernizes how faculty and staff communicate with 

today’s students.  

Recommendations 

The lessons learned from this study provide IHEs across the nation an opportunity 

to begin implementing SBPs that can impact the retention of students from URGs to meet 

the demand for a more diverse STEM workforce. Understandably, IHEs’ budgets are 

limited in most public universities, which may limit their ability to make changes. As 

Figure 20 illustrates, the STEM SBP is nestled within the College of Science at the 

university where the study was implemented. However, IHEs could focus on creating a 
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program that focuses entirely on retention of various students to meet the current and 

future demands for a diverse workforce across both the civilian and federal sectors.  

  

  

Figure 20. Budgeting for SBPs within the university. At this IHE, the SBP budget falls 

within the scope of the College of Science. However, IHEs should consider taking 

ownership of the program and encouraging collaboration across various college and 

university programs. Ideally, having a retention program that focuses on STEM SBPs is 

ideal; fiscally, it may not be feasible. Thus, combining it with other retention programs 

can allow funding to be allocated through the university’s budget to achieve student 

retention and increase graduation rates.  

Moreover, since many of the colleges and programs within the university focus on 

achieving similar retention objectives, IHEs can begin to collaborate with other university 

programs or colleges (Figure 21) to secure win-win scenarios that can aid in mitigating 

student challenges. 
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Figure 21. A model for joint hosting of the SBP. Centering the focus on SBPs increases 

throughput and alleviates the added stressors for departments as they provide support 

instead of hosting the entire program. Identifying possible SBP collaboration across the 

university can establish a robust program with a single mission: to increase STEM 

graduation rates. 

Such collaborations include the following:  

• Collaborating with the diversity office to educate faculty on how to minimize 

unconscious bias that can lead to perceived discrimination. The diversity office 

can also provide students with resources and inform them where they can get 

assistance if they experience discrimination.  

• Collaborating with the first-generation program to establish programs that can 

include parents, which can further build the support network of students from 

URGs and inform first-generation students of the resources and additional 

support available to them. 
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• Collaborating with the careers program office to identify organizations or 

companies that can provide sponsorship that will further increase the number of 

students able to attend the SBP. Since living in the dorms proved beneficial to 

increasing social connections and acclimating students to their new routines, 

being able to recruit more students to participate in the SBP without having to 

pay for the significant expense of the dorms and meals would only increase 

retention numbers.  

• Collaborating with the College of Engineering to recruit faculty teaching first-

year courses in engineering and technology for the SBP. With their involvement, 

all students could connect with faculty in their program of study, and students 

would have a better idea of what to expect when they start their first semester. 

Further, if colleges that produce STEM graduates can pool their resources, they 

can share the effort to achieve the same goals. Moreover, it is essential to have 

faculty representation from the four STEM fields when conducting SBPs.  

• Collaborating with the College of Education to build connections with graduate 

students interested in STEM retention. The College of Education can encourage 

graduate students interested in STEM research to work with the various colleges 

to learn how to conduct research while lending their subject matter expertise to 

the program. This connection can be impactful for both the STEM SBP and the 

student because students from the College of Education can begin to practice 

what they are learning in their graduate program, similar to how the researcher 

conducted this study.  
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• Collaborating with other programs across the institution that can aid in making 

the program successful. For example, a partnership with the registrar’s office 

could yield a higher turnout rate, as only a small percent (1.9%) of those enrolled 

in a STEM program of study participated in the STEM SBP at the IHE where the 

study was conducted. Since housing is one of the major cost factors for the SBP, 

partnerships with sponsors and the housing office could aid in providing 

scholarships for students to attend.  

As the results of this research indicate, IHEs seeking to implement SBPs should 

consider following the philosophical framework and build on the pillars of the 

metaphorical bridge shown in Figure 16. These pillars build a strong foundation that 

enables students from URGs to persevere in their first semester while leaning on others 

within their SBP STEM community. The STEM SBP Metaphorical Bridge Check List 

(Appendix E) summarizes the key points found in this study that are recommended for 

implementing or augmenting an IHE’s SBP.  

Limitations 

Limitations encountered in this study included concerns that were beyond the 

scope of the researcher’s influence. While these limitations may impact the dissertation, 

they did not halt the research.  

Missing qualitative data elements due to participant attrition proved challenging 

and limited the size of this study. Although 22 students from URGs and nine students 

from non-URGs were recruited for the study, qualitative data were collected on only 11 

students throughout the entire study. Even though the quantitative data could be imputed 



190 

 

through a regression analysis, the same could not be done for missing qualitative 

responses. Thus, the missing qualitative data led to a smaller study.  

Accessing comparable data proved challenging at this large, public research 

institution due to the university’s constraints on data releasability, making it difficult to 

obtain comparable samples or retention rates. However, since the STEM SBP served as 

the intervention, the researcher focused on the pre- and post-data results for the students 

from URGs to assess the quantitative data. 

The SBP in this study was specifically designed for the students at this large, 

public research institution. As such, replication of this study may be limited or results 

may differ if the study were conducted at another university. This university provided 

scholarships for many of the students attending the STEM SBP, which enabled the school 

to recruit 22 students from URGs and nine from non-URGs for a total of 31 STEM SBP 

participants.  

Future Research 

The insight gleaned from this study suggests that more research is needed. Future 

research should examine strategic approaches to increasing diversity in STEM faculty. 

Every one of the study participants recognized their faculty members’ ethnicity. It may 

prove helpful to IHEs to conduct a study on what could be done now, as hiring diverse 

faculty requires current students from URGs to graduate and pursue a career in higher 

education. One finding of interest in this study was the increase in self-efficacy for the 

female participants. Future research examining the experiences of female students from 

URGs entering predominantly male fields such as engineering may prove beneficial to 
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the higher education and STEM communities. Finally, further research on perceived or 

actual discrimination expressed by students from URGs in this study is warranted.  

Conclusion 

The STEM SBP intervention conducted at a large public research institution in the 

mid-Atlantic region of the United States proved beneficial in minimizing the transition 

gap from high school into higher education for students from URGs. Although the study 

was small, statistically significant data provided evidence that study participants 

increased their confidence and foundational academic efficacy enough to impact the 

completion of their first semester.  

As the study findings indicate, further research is needed to establish methods 

within higher education to retain more women and hire more diverse STEM faculty. 

Students from URGs need role models in STEM who look like them and who can 

mitigate some of the challenges students experience. More research is also needed on 

finding ways to eliminate discrimination. One focal area of interest may connect to 

working with the diversity office to conduct conscious and unconscious bias training with 

the higher education workforce to eliminate actual or perceived discrimination.  

Finally, based on the impact this STEM SBP had on students from URGs, other 

IHEs may be able to build on the lessons learned. As the findings indicate, leveraging key 

aspects of the philosophical framework and the pillars of the metaphorical bridge as 

students transition from high school into higher education established significant 

outcomes for study participants and enabled them to succeed in their first semester and 

successfully begin their second semester. Finally, the outcomes of this study contribute to 
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the literature on STEM retention and efforts to increase the STEM workforce pipeline for 

both civilian and federal organizations and serve as a guideline for IHEs to begin 

implementing successful STEM SBPs. 
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APPENDIX A: IRB APPROVAL LETTER 
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APPENDIX B: GENERAL SELF-EFFICACY INSTRUMENT 

Study Title: Exploring A Summer Bridge Intervention Program as a Solution to the 

Retention and Persistence of Underrepresented Minorities in STEM 

 

STEM Boot Camp Study-Instrumentation: IRB Number: 1463875-1 

 

General Self-Efficacy Instrument 

1 I can always manage to solve difficult problems if I try hard enough.  

2 If someone opposes me, I can find the means and ways to get what I want.  

3 It is easy for me to stick to my aims and accomplish my goals.  

4 I am confident that I could deal efficiently with unexpected events.  

5 Thanks to my resourcefulness, I know how to handle unforeseen situations.  

6 I can solve most problems if I invest the necessary effort.  

7 
I can remain calm when facing difficulties because I can rely on my coping 

abilities.  

8 When I am confronted with a problem, I can usually find several solutions.  

9 If I am in trouble, I can usually think of a solution.  

10 I can usually handle whatever comes my way. 

1 = Not at all true 2 = Hardly true 3 = Moderately true 4 = Exactly true 

Scoring: Responses are made on a 4-point scale. Sum up the responses to all 10 items to 

yield the final composite score with a range from 10 to 40.  

Schwarzer, R., & Jerusalem, M. (1995). Generalized Self-Efficacy scale. In J. Weinman, 

S. Wright, & M. Johnston, Measures in health psychology: A user’s portfolio. Causal and 

control beliefs (pp. 35-37). Windsor, UK: NFER-NELSON. 
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APPENDIX C: STEM SEMANTICS SURVEY 

STEM Boot Camp Study-Instrumentation: IRB Number: 1463875-1 
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Scoring Guide for the STEM Semantics Survey Version 2.0 

 

Version 2.0 of the STEM Semantic survey has 25 items on 5 scales. Each scale 

has the same 5 adjective descriptors but 3 are negatively worded and need to be reversed 

for every scale (7 becomes 1, 6 becomes 2, etc.). However, each scale is counterbalanced 

for reversals so a single procedure cannot be applied to all scales. Scale scores are 

produced by averaging the following items:  

• Science: Sci 1Reversed, Sci 2Reversed, Sci 3Reversed, Sci 4, Sci 5  

• Math: Math 1, Math 2 Reversed, Math 3 Reversed, Math 4 Reversed, Math 5  

• Engineering: Eng 1 Reversed, Eng 2 Reversed, Eng 3, Eng 4 Reversed, Eng 5  

• Technology: Tech 1 Reversed, Tech 2, Tech 3, Tech 4 Reversed, Tech 5 Reversed  

• Career: Career 1, Career 2, Career 3 Reversed, Career 4 Reversed, Career 5 

Reversed  

Cronbach’s alpha for each scale is typically in the range of .85 - .95. 
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APPENDIX D: SPSS Q-Q PLOTS FOR INSTRUMENTS 

SPSS Q-Q Plots for Instruments 

 

GSE 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEM Semantics Science 
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STEM Semantics Engineering 
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STEM Semantics Technology 
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STEM Semantics Career 
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APPENDIX E: IMPLEMENTING A STEM SUMMER BRIDGE PROGRAM 

USING THE METAPHORICAL BRIDGE CHECKLIST 

 Actions Notes 

Academic and Campus Resources 

 

Recruit representatives from various academic 

and campus resources critical to the success of 

first-year students.  

Consider including these services. Learning 

Center, Tutoring Services, Stress and Time 

Management, Library Services, Research 

Center Services, Career Center, Disability 

Services, Advising, Financial Aid, and 

Registrar. 

 

Ensure students are able to navigate the 

campus so that they can acclimate to their new 

environment. Host courses in first-year 

classrooms and laboratories. 

Consider using activities such as a scavenger 

hunt. 

 

When possible, host sessions in buildings 

where services are provided.  

Consider grouping like items together when 

they are located in the same building 

(Advising, Financial Aid, and Registrar’s 

Office). 

Foundational Preparation 

 

Ensure students are placed in correct math 

courses. Work with students during the SBP to 

ensure they are in the right session, as building 

skill sets is critical to efficacy. 

Conduct a math placement test before the 

camp begins when possible—possibly on the 

day of check-in.  

 

Set up active learning environments and a 

student-centric curriculum that helps students 

build skill sets by engaging in the activity. 

Group/teamwork is encouraged because 

students learn from each other. 

Use whiteboards and problem-solving skills 

when possible. Encourage students to partner 

with a friend to check their work on the 

whiteboard.  

Social Connections 

 

Use team building activities and team projects 

to engage students and connect them with each 

other; help them meet in less awkward 

circumstances by working together to achieve 

a task/goal. 

Consider activities that focus on working 

together such as the ones used in this SBP (see 

Chapter 4, Table 19). 

 

Cater dinner meals so that students can 

reconnect and engage with faculty and learning 

assistants. Ensure all students are grouped with 

someone. If they are sitting alone, encourage a 

learning or undergraduate assistant to join the 

student and introduce him/her to another 

group.  

Use this time to make announcements, let the 

students engage and have fun, and remind 

students of the evening’s homework. Finally, 

encourage faculty to participate in the dinner 

meals. One caveat here is when catering, be 

sure to take students’ food allergies into 

consideration.  
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 Actions Notes 

Faculty Mentorships 

 

Recruit faculty from each of the STEM 

programs of study, preferably faculty 

instructing first-year foundational courses 

(BIO 101, CHEM 100, etc.); recruit faculty 

from URGs. 

As the literature notes, STEM faculty from 

URGs are limited. When the diversity of 

faculty is non-existent, focus on connecting 

with students and building trust.  

 

Train faculty on the purpose of the SBP and 

encourage them to use partial lessons used in 

their entry-level courses. Include training on 

unconscious bias with honest discussions and 

explain how to ensure perceived or actual 

discrimination does not occur.  

Request assistance from the Office of 

Diversity when training faculty on 

unconscious bias and ways to eliminate 

discrimination.  

 

Encourage use of active learning 

methodologies and teamwork so that students 

can learn from each other. Encourage using 

problem-solving assignments and using 

whiteboards and partnerships to both connect 

students and introduce another learning source.  

The use of whiteboards helped students in this 

study learn how others solve problems and 

enabled students to observe other teams 

working to solve the same problem.  

 

Recruit a graduate assistant in the spring 

semester to begin working in the summer and 

fall. Ensure this individual attends the camp 

and works to connect with the students from 

URGs.  

If possible, this graduate student should be a 

person of color so that students feel 

comfortable approaching him or her when 

needed. Use a 1:20 ratio of students to 

graduate assistants. 

 

Recruit former SBP participants as 

undergraduate assistants and STEM graduate 

students as learning assistants.  

In this study, connecting with students of color 

such as the learning assistants and 

undergraduate assistants proved beneficial 

when no STEM faculty from URGs 

participated in the SBP.  

Mitigate Additional Stress Factors 

 

Include parents in the SBP so that they too can 

serve as the student’s support network. Further, 

ensure parents understand the importance of 

the work students are doing in their STEM 

field and how it can help their community.  

For parents needing interpreters, work with 

Disability Services and the First-Generation 

Program to assist in finding translators.  

 

Host a Diversity Office session offering 

information on the university’s policy on 

discrimination. Explain to students how to 

handle discrimination if they experience it and 

reaffirm their rights as students.  

Most importantly, having this office provide 

information establishes a resource if students 

ever need it and reaffirms their right to an 

education without discrimination.  

Sense of Belonging 

 

Encourage the building of supportive networks 

during the SBP. Reinforce that students belong 

at the university and help them recognize that 

they already have a STEM community with 

SBP students.  

Building this support network with other 

students of color allows them to reconnect 

during the semester and lean on each other for 

support. 
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 Actions Notes 

 

Identify possible on-campus clubs students can 

join that will further build skills and connect 

them with other students who can become a 

part of their support network.  

Consider bringing in guest speakers from 

URGs to talk to the students and encourage 

their work towards a STEM degree.  

Note: As IHEs implement each of these pillars, students attending the SBP build confidence and/or self-

efficacy, which enables them to successfully complete their first semester.  
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